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As China's arable land is almost full5'utilized and u,'asteland for reclamation

is lirnited, increases in grain out¡rut to cope u'ith increased dernand fiom

more than 1 billion people have to come from iucreases in yield per unit of

land. Therefore, an accelerated application of chemical feriilizer is the most

important measure to make up Ior the lack of organic fertilizer supplr'. This

study deals with the Chinese fa"rmers' demand {or chemicaÌ fertilizer based

on time series data fronl 1952 to 1986. Several short,-run and long-run models

are used to estimate statistically horv much of the rate of cirange in {ertil-

izer demand is contributable to change in each o{ the exogenous variables,

namel¡r, fertilizer/grain price ratio, farm income, technological progress and

Iagged fertiiizer consumption. At the same time. this studS' analyzes the role

of organic fertiiizer and prevailing acreage of farmland and predicts future

demand for fertiüzer based on these economet¡ic models.

The ¡esults obtained in this study can be summarized as follou's:

(1) Over the period of stud.y, a 10 percent dec¡ease in fertilizer/grain price

ratio is predicted to increase fertilize¡ consumption b5 7.7 percent. Sirnilarl¡.',

a 10 percent increase in farm income in previous year u'ill ¡esult in an inc¡ease

of fertilizer consumption by 10.5 percent. Þn a.ddition, the mean elasticity

(coeficient) for the time variable is 0.96, indicating that the dernand quantity

for chemical fertilizer has shifted upward with time and that advancement in

science and technology promotes increased total fe¡tilize¡ demand.
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(2) The coefficient for organic fertilize¡ is not statistically significant, in-

dicating that the effect of the use of organic fertilizer in respect to chemical

{ertiiizer consumption is not significant. Similarly, the coefficient for prevail-

ing acreage of farmland is not significant at the 5 percent significance level

partiy because the totai so\\rn area in China has largely remained the same

throughout the anal1.-zed period.

(3) Tìre adjustment coefficient B is 0.97 in long-run model, suggesting

that 97 percent of fertilizer consumption in China is adjusted in a period of

time in respect to a change in fe¡tilizerf grain price ratio, farm income and

technoiogical progress.

(a) The forecasting results in this stud¡' ane acceptable compared rvith pre-

vious resea¡ch results released b1'the Ministry of Chemical Industry (MCI).
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Chapter 1

Introduction

Althougli China is currently the third largest producer of chemical fertilizer

in the world, foliowing the United States and the Soviet Union, it still can

not produce enough fertilizer for its own demand. For over three thousand

years) Chinese farmers have used organic fertilizers to complement soil fer-

tiiity. Up to date, organic fertilizers still make up the bulk of total- nutrient

supplv in China even though their suppiy is limited by the natural resources.

Kueh points out that the combined application of both organic and chemical

fertilizer has shou'n a. rather cohe¡ent trend of constant returns to scale over

time 1. In order to increase agricultural production to satisfy the increased

demand for food, employment, raw materiais and exports from 1 billion peo-

ple, chemical fertilizer has to be applied in an accelerated rate. This analysis

studies demand for chemical fertilizer in China over the period of 1952-86.

t\-.Yl{t.h, "F"tttltr* *pplt.s and foodgrain production in China, 1952-1982,"
Food Policy, Vol. 9, no. 3 (Aug.1984), p. 219.



1.1 Agricultural Regions in China

China's land area covers approximately 9.6 million square kilometers, rvhich

is nearl¡' one-fifteenth of the world's total land and which makes China-next

to the Soviei Union and Canada- the third largest country in the world 2.

About haif of China's land is occupied by Tibet, Xinjiang, Qinghai and

Inner Molrgolian, which are largely nonagricultural provinces. Its main agri-

cuitural area, about 100 miliion hectares of cultivated iand, Iies in the eastern

half of the country. According to the Soil Institute of the Chinese Academy

of Agricuitural Science (SICAAS), China's agricultural area can be divided

into eight regions (as shown in Figure 1.1 on p. 6) according to the difi'er-

ent t¡'pes of soil, the different application levels of chemical fertilizers, the

different nutrient contents in the soil and planting patterns 3.

The Northeast Region (also called tire Northeast Plain), covering the ter-

ritor-v of three provinces, narnely, Heiiongiiang, Jiiin and Liaoning, is the

largest plain in China in a. temperate, humid and semi-humid zone. It has

16.41 miliion hectares of fertile land. The major crops are soybean) corn)

spring u'heat, sugar-beet and rice. The production of soybean in this region

contributes approximately 41.5 percent of the nation's total and 90 percent

of the nation's export. At the same time, its corn has been a dominant crop

2The China Handbook Editorial Committee, Geography (Beijing: Foregin Languages

Press, 1983), p. 1.
3SICAAS, Regionaì Differentiation of Chemical Fertilizer (Beijing: Agricultural Sci-

ence and Technology Press, 1986), p. 36.



because of high per unit output (4,665 kgs/irectare). It is estimated that

about 31.5 percent corna colnes from this region in China. Annual precipita-

tion ranges from 300 millimeters to 1.000 rnillimeters (see Figure 1.2 on p. 8)

and tire frost-free gro'rving season is 1t)0-i80 da.vs (see Figure 1.3 on p 10).

Organic matter content ranges from 1.5 to 4.5 percent. Furthermore, read-

ii]' available potash is rich in the soil, ranging from 100 to 200 ppm (parts

per miliion) in this region 5. Tlie application of cliemical fertilizer was 1.46

million tons in this region in 1983, including 0.95 million tons of nitrogen

(N), 0.47 million tons of phosphate (P) and 48,000 tons of potash (K). The

NPK application ratio was 100 : 49 : 5 (SICAAS, 1986). In 1980, the State

council decided that a great effort sliould be made to develop mechaniza-

tion in the Northeast Piain and accelerate the building of a commodity grain

base specializing mainly in the growing of grain and sovbean 6. Many iarge

mechanized state farms are located in this plain.

The Huang-Iluai-Hai Region is located south of the Great \\¡all and north

of the Huai River, including all of Beijing, Tianjin, Shandong and Henan,

most of Hebei, northern parts of Anhui and Jiangsu. It has a population of

253.36 million and an arable land of approximately 24.56 million hectares.

In this region, climate is adequate for crops: annual precipitation ranges

from 500 to 1,000 millimeters and the frost-free growing season ranges from

4SICAAS, op.cit., p. 36.
5lbid., if readily availabie potash is less than 70 ppm in the soil, this area should be

conside¡ed as deficient in potash.
6The China Handbook Editoriaì Committee, op.cit., p. 58

4



150 to 240 days. N{oreover, the multi-cropping ratio is 156 percent and

the main crops are wheat, cotton, peanuts and corn. This region produces

approximately 66.5 and 66.2 percent of the na,tion's total wheat and cotton.

The soil in some areas of Shangdong has higii alkali content, which causes

lou' crop yield. At the sanr.e time, organic matter content is 0.6-1.2 percent.

The applica.tion of fertilizer rvas 5.37 miiiion tons and the NPK application

ratio was 100 : 37 : 4 in 1983 (SICAAS, i986).

The Middle-Lower Yangtze River Rice Region is well known as the "land

of fishes and rice" in Cliina. Tiris region consists of a series of plains of

varying width on both sides of the Yangtze River, in the section from the

Three Gorges in the west to the coast in the east. It includes all of Hubei,

Shanghai, Zhejiang, Jiangxi and Hunan, most of Jiangsu, Fujian and Anhui

and has a population of 272.5 rnlllion and an area of 7 million hectares of

land. Rainfall is high, ranging from 800 millimeters to 2,000 millimeters

annuall5'. The frost-free growing season ranges from 210 days to 300 days.

The main crops are rice, cotton and rapeseed. In China, about 54 percent

of the total rice and 49.5 percenl, of the total rapeseed are produced in this

plain7. Furthermore, the Middle-iower Yangtze River Plain is connected

with st¡eams, rivers and lakes, inciuding the major fresh rvater lakes such as

Dongting, Poyang, Taihu, Gaobao, Chaohu and Honghu. These rivers and

lakes are not only a rich source of fish, shrimps, water chestnuts, Iotus seed

TSICAAS, op.cit., p. 44.



Figure 1.1: Agricultural Regions in China
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and roots, etc., but also make the region one of the most important grain

bases in China. Here, the multi-cropping ratio is 211 percent and organic

matter content is 1-3.o percent in the soil. The appiication of fertilizerwas

4.63 million tons and the NPK application ratio '¡'as 100 : 29 : 7.6 in 1983

(srcAAS, 1e86).

The Double-Crop Rice Region (southern parts of China) inciudes all of

Guangdon, Guangxi and part of Fujiang. It has a population of 112.4 million

and an area of 6.28 million hectares. In this region, annual rainfali ranges

from 1,000 millimeters to 2,000 miilimeters and crops can be gror¡n during

all seasons. The main crops are rice, sweet potatoes and sugar cane. The

output of rice is about 90 percent of the total grain I production. Ilere,

organic matter content is 1.5-4.0 percent; about 36 percent of soil seriously

lacks phosphate wirile 73 percent of farmland lacks potash. The application

of fertìlizer was 1.83 million tons while the NPK application ratio rvas 100 :

29 : 16 in 1983 (SICAAS, 1886).

The Northern Region includes all of Shanxi, Sliaanxi and Ningxia, most of

Gansu and Inner Mongoiia. About 108.67 million people live in this region

and 18.5 million hectares of land are available for farming. Rainfall ranges

from 200 to 800 millimeters annually and the frost-free growing season ranges

from 100 to 210 days.The main crops are winter wheat, corn, millet and pota-

toes. Because of dry climate and heavy soil erosion, organic matter content

EAccording to Chinese definition, "grain' includes rice, wheat, soybeans, sorghum,
millet, other coarse grains and, at one fifth weight, sweet and white potatoes.

7



Figure 1.2: Juil' Temperatures and Annual Rainf¿il

Source: Rhoads Murphe¡', "National
Randolph Barker, ed., The Chinese
view Press Inc., 1982), p. 52.
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is 1ov', ranging from 1 to 1.4 percent. Of its 18.5 million hectares of culti-

vated land, 80 percent are not irrigated. As a result, the effect of fertilizer

is constrained by weather conditions. in addition, it has an estimated 26.7

million hectares of the grassland in Inner Mongolia. \/ast pasture land abun-

dant in water and grasses provides a great opportunity for animal husbandry

(srcAAS, 1986).

The Southwestern Region includes Siciruan, Guizhou and Yunnan. This

region consists of mostly unduiating ground and the hilly areas s. It has a

population of 162.9 million and an area of 11.27 million hectares. Annual pre-

cipitation is around 1,000 miliimeters and multi-cropping ratio is 166 percent.

The main crops are rice, tea, corn, wheat, potatoes and soybean. Organic

matter content ranges from 1 to 2 percent. The southwestern Guizhou and

the southern Yunnan seriousl¡' lack phosphate and part of the mountain area

in Sichuan lacks potash. The application of fertilizer was 1.95 million tons

and the NPK application ratio was 100 : 32 : 2.3 in 1983 (SICAAS, 1986).

The Northwestern Region includes all of Xinjiang, part of Gansu and Inner

Mongolia. About 16.84 million people live in this a¡ea and take care of 3.8

million hectares of land. Because of low annual precipitation, u'hich is less

than 250 miliimeters, crop production has to depend heavily on irrigation

svstems. The frost-free growing season ranges from 100 to 200 days and

eDepartment of Propaganda of the Minist¡y of Agriculture, Animal Husbandry
and Fishery, China's Agriculture, Animal Husbandrr- and fishery are Progressing (Bei-
jing: Agriculiural Publishing House, 1983), p. 12.



Figure 1.3: January Temperature and Frostless Periods

Source: Ibid., p. 55.
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multi-cropping ratio is 91 percent. The main crops are rvheat, corn, cotton

and rapeseed. Organic matter content in the soil is 0.2-2.0 percent and about

70 percent soil iacks nitrogen and phosphate. The application of fertiiizer was

280,000 tons and the NPI{ ratio was 100 : 57 : 6.5 in 1983 (SICAAS, 1986).

The Qinghai-Tibet Plateau Region includes all of Qinghai and Tibet, part

of Gansu. It has 513.000 hectares of laud and a population of 3.65 milllion.

The main crops are wheat, potatoes and rapeseed. Per unit of grain output

is as low as 1987.5 kgs/hectare. The muiti-cropping ratio is only 85 percent,

the lowest in China. The application of fertilizer was 21,000 tons and the

NPK application ratio rvas 100 : 51 : 19 in 1983 (SICAAS,1986).

Table 1.1 summarizes agri-climatic characte¡istics of eight agricultural re-

gions of China. As it can be seen, most regions have a distinct continental

climate, a climate of iarge annual ranges of temperature, frost free period

and precipitation.

7.2 Characteristics of Agricultural Produc-
tion in China

The ultimate economic goal of China before the end of the twentieth century

is the modernization of the economy in the sho¡test possible time. The

agricu-ltural sector plays a key role because it has to feed more than 1 billion

peopie, on 7 percent of the world's arable land. From 1952 to 1986, grain

output grew at an annual rate of onlv 2.59 percent u'hile popuiation growth

11



averaged 1.81 percent r0. As a result, agricultural growth did little more than

keep pace with the expansion of the population. As lvell, population growth

reduced the margin of surplus for investment and farmers had to use more

labor than expensive nonlabor inputs. By the end of 1977, altirough China

had reclaimed 17 million hectares of land, whicir contributed significantly to

agricuitural development and food production for the mass population, the

increase was offset by 27 million hecta¡es of arable land used for building

roads, houses, factories, schools and agricuitural enterprises 11. Thus arable

iand per capita was reduced by more than half between 1952 and 1986 (Table

1.2). At the end of 1970s, arable land per farmer in China was roughly 0.33

hectare, rvhich was smaller than that in other developing countries, such as

Bangladesh (0.43), Indonesia (0.63), Philippines (0.91) and India (1.0) t'.

After feeding the population, agriculture had to carr5' out its second im-

portant task: providing employment opportunities for those millions of rural

people. By no means) unfortunatell', can urban industr5' provide additional

jobs for those other than urban residents. The government has to keep rural

popuiation from florving into the cities for jobs because these cities are al-

ready over-c¡owded and short of housing and public services. Between 1952

l('Calculated from data in China's Statistical Yearbook 1987, p. 5 and p. I70.
China's Statistical learbook is reieased by Chinese State Statistics Bureau (SSB) everv
year.

llChia-liang Wang, "Given Serious Attention to the Study of Land Problems,"
People's Daiiy, April 9, i982.

r2l'l-icholas R. Lardy, Agriculture in China's Modern Economic Development (Com-

bridge Universit¡* Press 19E3.), p. 5.

L2



altd 1986, v,'hett the Chinese labor force increased from 207.3 million to 512.8

miliion, agriculture employed about 65 percent of 305.5 million neu' workers

13. Consequently, the share of emplo¡'ment in this secto¡ shrank from about

84 to 61 percent of the total over the same period 14.

Although the average grorn'th rate of the iabor force in industry increased

faster compared with the same rate in agriculture, its share of the labor force

in 1986 \\¡as only 17.5 percent 15. Industry in 1986 contributed 59 percent to

the overall gross value of national production while agriculture, employing

more tlran 60 percent of the labo¡ force, produced only 2I.2 percent 16. If

agriculture is compared rvith industry, labour productivity is much lorver in

agriculture. In 1986, each worker contributed 13,310.6 yuan to gross value of

national production wirile each farmer contributed oniy 736.6 yuan at Lg52

price (as shown in Table 1.3). From 1952 to 1986, iabor productivity in

agriculture grew at an annual rate of 3.03 percent rvhile labour productivity

in industry grew at 4.7 percent 17. Thus, the advantage of full empioyment

in agriculture is mainly to provide a iiving for rural people and keep them

from overcrorvding the cities.

14ibid.. p. 135.
1slbid., p. 224.
loGross value of national production was 1896.1 billion yuan in 1986 price. Gross

value of industrial production and gross value of agricultural production were 1119.4
and 401.3 billion yuan in 1986 price, respectively. For more detail, see SSB,
China's Statistical Yearbook 1987, p. 35. Yuan is Chinese currency. i U.S. dollar was
equal to 3.61 yuan in 1986.

lTCalculated from data in China's Statistical Ì'earbook 1987 , p. 26.

l3Calculated from data in China's Statitical Yearbook 1987. p. 25.

1Q



Alihough the role of agriculture may be emphasized by the government as

the foundation of the economy, investment in this sector has been allocated

inadequately either directly to agriculture or to industrJ' which produces

inputs for agricultural production. Up to 1980, the share of nationai invest-

ment budget that China spent on agriculture for irrigation systems, rural

transportation and chemical fertiiizers averaged 11.9 percent. From 1981 to

1985, not only capital construction in agriculture declined, but the sha¡e of

national investment in agriculture was reduced to the average rate of less

than 6 percent and it was even scaled down to only 3.3 percent in 1986 18.

According to Nicholas R. Lardy, an American specialist on Chinese agricul-

ture at the University of Washington, the share of national investment spent

on agriculture is now the lowest since the government was established in 1949

1e. This downward trend may connect with the recent emphasis on invest-

ment in energy production, chemical industrl' and transportation, which only

partially benefits agriculture 20.

Moreover, government policy has strongly influenced tÌre agricultural sec-

tor. Evidence to date indicates that the Chinese leaders irave oscillated

between trvo approaches to developing agricuiture. One approach empha-

sizes the socialist ideology, collective organization and moral incentives. The

r8These numbers came from He Kong's report. He Kong is Minister of Agricultu¡e. Fo¡
more detail, see People's Daily, June 3, 1988.

lsl,os Angeles Times, late December, 1988.
2oOECD(the Organisation for Economic Co-operation and Development), Agriculture

in China (Paris, 1985), p. 13.
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other prefers more material incentives. family farming and economic freedom

27. Past experience suggests that farmers are more interested in material

gains and freedom than in socialist ideologS' and moral incentives. For ex-

ampie, a "land reform" program u'as carried out from 1950 to 1952 after

the Communist took over in 1949. The aim of this land redistribution u'as

to destroy thoroughly the social foundation of the Naiionalist government.

The program forced landlorcis and rich peasants to give up their land with

no compensation payments. Peasants rvho obtained land u'hich they had

wanted for generations understood that tire'l' should support the Communist

Party if tiiey didn't want their land to be taken back. As a result, incentives

were created and agriculture recovered quickly from the Second Wo¡ld War

and the Civil War. In 1958, grain production reached a nerv peak of 195.3

million tons rvithout any increase in the use of modern inputs. This means

a total 20.5 percent increase in oni5' six years 22.

During the period of the Great Leap Foru'ard (igõ8-60), the government

abandoned the use of prices and markets as an instrument of resource al-

location in agriculture and forced farmers to give up the ownersirip of their

Iand for joining the People's Communes whicii were made the basic units

of socialist organization in the rural areas. Consequently, farmers couldn't

determine their patterns of cropping at that time. Their pilvate plots were

21Hsu, op.cit., p. 3.
22Colin A. Carter and Fu-Ning Zhong, China's Grain Production and Trade (Colorado:

Westview Press Inc., 1988), p. 4. Thei¡ figures on grain production prior to 1964 have
been adjusted by applving grain conve¡sion rate of one fifth weight to potatoes.

1tr
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eiiminated and their surpì.us products after quotas were no longer allorved to

sell in the free markets. Therefore, the nen' policy created disincentives in

agriculture. Because of the failure of this policy and poor weather conditions,

grain production dropped from 200 miliion tons in 1958 to i47.5 milliotl tons

in 1961 and agricultural production declined by 4.3 percent froni 1958 to

1962 23. Such a combination created economic difficulties and starvation be-

gan to spread nationu'ide. The death rate dramatically increased from 1.08

percent in 1957 Lo2.54 percent in 1960 24, which has remained the highest to

date. As Lard5' points out, although the motives of those political campaigns

may be complex, their economic effects are straight-forwa¡d: declining effi-

ciency of resource use and, for given investment allocations, slower grorvth,

and sometimes even negative growtir of agricultural production.

It can be seen from the discussion above that many constraint factors affect

the development of agricuiture. In the near future, hou' to avoid man-made

problems and keep agricultural poiicy stable is one of the top priorities.

1.3 Literature Review

Although many researchers have studied Chinese agricultural production for

vears, onl1, a few concent¡ate on the area of either chemical fertilizers or or-

ganic fertilizers. Up to the present time, littie wo¡k has been done in China

in estirnatirig aggregate demand functions for fertilizer. A majority of stud-

23Calculated from the data in China's Statistical Yearbook 1987, p. 132.
24Ibid., p. 83.
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ies associated with chemical fertilizers, organic fertilizers or trace elements

focuses on a certain crop with respect to the impact of these fertilizers on a

certain area. Many Chinese scholars used to estimate demand for chemical

fertilizers by simply calculating the balance of soil nutrient content according

to soil test results and predicted growth rate of grain. Even though those

studies provide very useful information, more involvement of quantitative

analyses is needed while demand functions for fertilizer are estimated.

Bruce Stone analyzes issues of growth, balance, aJlocation, efficiency and

response in Chinese fertilizer appiication in the 1980s and 1990s. He be-

iieves ihat the increasing volume, quality and efficiency of modern input and

labor use have made Chinese agriculture the most successful among devel-

oping countries during the last three and a half decades 25. According to his

analysis, fertilizer production in China could surpass the United States by

1990 but supply would not satisfy the demand because of high population

pressure and arable land constraint 26. As a result, Cirina u'ill continue to

import fertilizers until the year 2000.

It seems tirat allocation system is too closely tied with procurement. Par-

ticula¡ grain crops of greater interest to the state autho¡ities have received

higher per unit fertilizer allocation in high yield areas. Stone points out tl.rere

are no a-llocations to certain poor iand grain crops such as roots and tubers,

-*"*t.r"
Baiance, Ailocation, Efficiency and Response (Washington,D.C.: International Food Pol-
icy Research Institute 1985).

26lbid., p. 454.
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beans and coarse grains 27. Consequently, Cirina is beginning to face a nìore

serious situation of diminishing returns in the major growing regions. He also

stresses his conce¡ns with the fact that most of the eftort to develop the chem-

icai fertilizer industr¡' has been focused on nitrogen. The marginal response

ratio o{ nitrogen may drop because other nutrients become constraints. How-

ever, he suggests that more attention must be paid on the production and

application of pliosphate, potash and trace element fertilizers.

For centuries, Chinese farmers have struggled to maintain soil fertility by

using organic fertilizers. However, increased demand for grain fiom an evet-

increasing population, reduced per capita arable land resource and heavy

erosion of soils cali for iarge quantities of chemical fertilizer to increase grain

output and buiid depleted soils. Therefore, it is very important for China

to build its own chemical fertilizer industry. Leslie T.C.Kuo studied the

development process of the Chinese chemical fertilize¡ industry from pre-

Communist days to the 1970s 28. Detailed information and analyses can be

considered as his outstanding contributions. He also predicted that China

would have to import a considerable amount of chemical fe¡tilizer for many

years even though the production, distributionn and application of chemical

{ertilizers have been improved.

Y.Y. Kueh argued that the whole of China's agriculture tended to move

27Ibid., p. 462.
26Leslie T.C. Kuo, Agriculture in the People's Republic of China

Publishers, Inc., 1976).
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along a general path approximate to constant returns from the application

of both ch.emical and organic fertilizers during most of the iast three and a

half decades 2e. The major portion of iris study r,r'as organic fertilizers. Tire

annuai quantity of different organic manure forms u'as estimated. At, anv

rate, his estimate differs consistentll'from that of other previous efforts and

can be consiciered the best recent effort.

1.4 Staternent of the Problem

China has 960 million hectares of land. Onl¡' ¿ little more than 100 n'rillion

hectares are cultivated 30, which include part of the low-yield land such as

saline and alkaline land, lorv-iying land, sand]' Iand and other types of poor

and ext¡emely unproductive land. Cultivated land has been ¡educed at the

annual rate of more than 5 miilion mu 31 by constructirrg houses, factories,

schools and agricultural enterprises 32. Although the absolute amount of

Iand in China is large, the average amount of cultivated land per capita is

Iess than 0.1 hectare, u'hich is only 27 percent of the world average. Since

the average grassland per capita in China is 0.3 hectares, less than one-half

of the world average 33, the limitation of cultivated land per capita can not

2sKueh, op.cit.
30SICAAS, op.cit., p. 10.
31 t hectare is equal to 15 mu.
32"To Use Farmland Efficientlv and Protect il are China's Lonq-run Policies." People's

Daily, March 7, 1985.
--s5ylvan Wittwer, ed., Feeding A Billion, Frontiers of Chinese Agriculture (Michigan
State University Press, 1987), p. 36.
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be made up by the grassland.

It is estimated that 13.3 million hectares of u'asteland can still be recla.imed

for farming and another 13.0 million hectares of marshes and tideland remain

for forestry, animal irusbandry and fisheries 34. Most wasteland is located in

the remote areas of Heilongjiang Province and the Xinjiang Autonomous

Region. At one time tirere rvere ambitious plans for opening up wasteland in

Xinjiang. but it has become clear that water resources may not be enough to

irrigate the present cultivated area. Compared with the rising yield per unit

of land, reclamation is a longer, slower and more costly process of increasing

agricultural production. However, large land reciamation projects have been

carried out by the central government. Neu' reclamation projects will not

onl5' mobilize many people to those areas, but also will be required a huge

amount of capital to build irriga.tion s¡'stems, transportation syste.ms, houses,

public health facilities,local industry, and electric power, etc. Moreover, land

impovement is necessarv because the yield of newll' reclaimed land is low.

Although China is the third largest consumer of manufactured fertilizer in

the world 35, it still needs great amounts of fertiiizerto reduce the farmland's

deficiency in nitrogen, phosphate and potash. According to a survey of 156

field experiments in 14 provinces beginning in 1935,75.7 per cent of Chinese

farmland was deficient in nitrogen,37.7 percent in phosphate and 7.7 percent

3aThese figures come from He Kong's report. For more detail, see People's Daily, June
3, 1988, p. 1.

3sFood and Agricultural Organization of the United Nations, FAO Fertilizer Yearbook
1983, Volume 33, p. I20-I2I.
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in potash 36. Another report, published in 1962, estimated that 80 per cent

of farmland u'as deficient in nitrogen 37. A new survev of China's soils in

1987, released by the Cirinese Academt' of Agricultural Science, estimated

that approúmatel5' 66 percent of China's good farmiand contains oniy 3-6

percent organic material, which is just about the average u'orld level.

As most of tlie land suitabìe for cultivation has been utilized for crop

production, further extending areas for food production over the period from

1950s to 1970s has resulted in lhe destruction of forests and grassland, and

tlie draining of lakes. Such abuse o{ land resources has tirus caused serious

losses frorn water and wind erosion. Since the mid 1960s, encroachment of

desert land has increased by 3 million hectares 3s. T;improve the quality of

the highly erodible soil, estimated about 1.2 million square kilometers, the

more use of organic fertilizer is necessary.

The new agricultural poiicy, which is called "responsibility system," was

passed b5' the Third CCCP Plenary Session in 1978 3e. The collective farm-

Iand is now reallocated to tire individui households which are required to

submit a flxed proportion of the output to the state by contracts. Currently,

farmers have their rights to manage their farms. For short-term benefits

tirev tend to use more and mo¡e chemical fertilizer to raise vields. thus ne-

360p.cit., SICAAS. According to Bruce Stone, this survey included 170 fie1d experiments
and 74 percent of Chinese fa¡mland was deficient in nitrogen.

3TAccording to Li Qinggui in Renmin Ribao (People's Daily) Decembe¡ 25, 1962, 80
percent of Chinese farmland was deficient in nitrogen.

38Op.cit., Wittwer, p. 36.
3eThe fuil name of CCCP is Central Committee of the Communist Partv.
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glecting the use of organic fertilizer to compensate the fertility of the soil.

According to a nerv report a0, the average organic material content in China,'s

cultivated land has been reduced to onl¡, 1.5 percent, u,hich is far below tire

u'orld average of 3.0 percent. The recent dos'nward trend in the use of o¡-

ganic fertilizer ma,y result in a further decline of land fertilitl' and may cause

negative effects in the iong run.

As the size of the population and the standard of living of the society

changes, there is no doubt that tire dem.and for food rvill continuously increase

in China. Further development in agricultural production can not depend

on those reclaimation projects discussed earlier because there are too many

constraint factors. Therefore, the emphasis has to be put on increases in

yields per unit of land by using more modern inputs such as farm machiner¡',

neu' varieties, irrigation and chemical fertilize¡ on lorv and middle yield areas

and inc¡eases in land fertilitv bv the more efficient use of both chemical and

organic fertilizers.

The development of agricultural mechanization has been constrained by

the existence of surplus labor in China". Although farm rnachinery can re-

piace labor whereve¡ it is in short supply such as in newl¡ developed regions

or during peak periods of harvesting, most of the work in the fieid is still

done by labor and draft animals. Therefore, the emphasis in agricultural

mechanization sirouid be shifted to improve the quality of tractors and other

a(r"Declining Fertiiity of Farmland has caused Serious Problems in Agricultural Produc-
tion," People's Daily, July 23, 1988.
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kinds of farm machinery.

For centuries, water-control projects in China have been constructed and

improved for the purposes of flood control and irrigation. At present, about

one-half of China's cultivated land, most loca.ted in south, is irrigated. The

north does not have enough drainage facilities to control severe floods and

adequate irrigation systems to reduce the damage of droughts because wa-

ter resources are deficient and unevenly distributed in tiris area. Therefore,

China has been considering large-scale diversion of rvater from the Yangtze

River to areas north of the Huanghe tl. The project will be costly and ma1'

cause a v"'ater shortage along the middle rea,ches of the Yangtze River. Thus

it is unlikel5'that this projeci, will be constructed in the near futu¡e.

Because organic fertilizers are necessarily iimiied in supply, further efforts

of increasing yields per unit of land have to be put into more application of

chemical fertiiizer. Therefore, demand for fertilizer in China is analyzed in

detaii in this study.

1.5 Objectives of the Study

Little rvork on tire demand for chemical fertilizer has been done in China.

This study, based on time series data from 1952 to 1986, focuses on demand

functions for total fertilizer use in Cliina. Several regression modeis are em-

ployed to estimate demand for fertiiizer. In this study, demand for fertilizer

n1Hsu, op.cit., p. 63.

.\.)
lJ.)



is a function of lertilizerf grain price ratio, prevailing acreage of farmland,

farmers' annual income and time trend variable which stands for technolog-

ical progress. This study utiiizes up-to-date official statistical information

released b1'State Statisticai Bureau (SSB). In the past, researchers had to

estimate data on their own. Their estimates were prepared under most diffi-

cult conditions and rvere different {rom one another as a result of the scarcity

of official statistical da.ta. Hence, this study may provide more cornplete and

accurate ¡esuLts than the previous efforts in estimating demand for fertilizer.

Theoretically, the demand for fertilizer essentially depends on the price of

fertilizer, the price of agricultural products, technological progress, anci other

economic variables 42. Moreover, the fertilizer price is set by the fertilizer

firms based on production cost, production capacity, improved technology

and market conditions under the context of perfect competition 43. As a re-

sult, a recursive modei is more appropriate first to derive the price of fertilizer,

and then to estimate the demand for fertilizer aa. In China, unfortunately,

the price of fertiiizer has been set by the government and does not fluctuate

as it should be. Therefore, a fertilizerf grain price ratio is used as a substitute

fo¡ fertilizer price. As a result, this ratio is treated as an exogenous variabie

42F,.0. Heady and L.G. Trveeten, Resource Demand and Structure in the Agricultural
Industry (lowa: Iowa State University Press, 1963).

a3According to microeconomic theory, no firm can set the price unde¡ the prefect com-
petition condition.

44M.H. Yeh, D.F. Kraft and S.Y. Sun, A submodeì of Fertilize¡ Demand and Prices in
Eastern and Western Canada. A working document prepared under DSS contract funding
for the Agricullure Canada, Agricultural Sec[or Modelling Project, 1979.
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and a single equation is used in this study.

This study has the following objectives:

(1) recognizing tire constraint of supol5' of organic fertilizers by the natural

resources and the importance of organic fertilizers in agricultural production;

(2) reviewing the historical development i:i feriilizer production and appli-

cation since 19491

(3) using regression analvsis to estimate total dernand for chernical fertil-

izers in deriving price a.nd income elasticities of fertilizer:

(4) predicting the future demand for chernical fertilizers to 2000.

1.6 Organization of the Study

The study is divided into fir'e chapters.

Chapter 1 , an introduction of the study, states the probiem.

Chapter 2 provides historical ba.ckground of China's utilization of organic

and chemical fertilizer. Over thousands of vears, Chinese farmers irave

developed the advanced technologv of recycling organic fertiiizers. At

present, organic fe¡tilizers still make up the bulk of total nut¡ient sup-

ply, especiail¡' potash aud trace elements. in Cirinese agriculture. At

the same time, the utiliza"tion of chemical fertiiize¡ yields dirninishing

return in some high-yield regions but the combined application of both

types of fertilizer can maintain a constant return. Because organic fer-

tilizer is constrained b5' the natural source supply, chemicai fertilizer

25



plays an important role in agricultural production. This chapter also

provides a historical review of chemical fertilizer imports.

Chapter 3 provides a theoretical framework of demand functions for fertil-

izer. It describes hypotheses and assumptions and analyzes exogenous

variables. Fu¡thermore, it specifies demand functions and discusses

metirods of anaìvsis in detail.

Chapter 4 presents the empirical results from different models and provides

interpretation and implications. At the same time this chapter also

provides the forecasting results of {ertilizer demand to 1990s. It uses

several methods to obtain unbiased forecastings, whicir are compared

with previous results conducted by different authors.

Chapter 5 concludes tire thesis and points out the dìrection for future re-

search.
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Table 1.1: Selected Agro-climatic Charateristics of Eight Agricultural Re-
gions of China

Region Cropping

1

2

t+

5

o

n

8

index

Frost
free

period
(da¡'s)

10t)

156

2TI

189

1n9

10D

91

85

100 to 180

150 ro 240

210 to 300

340 to 365

100 ro 210

260 to 340

l()tl ro 220

Average
January

temperature
(C degree)

1t +^ .)t
- -Lt) l,U -¿r)

-4 Lo -7

7to10

14 to 15

-8 ro -16

5to9

-12 to -16

0to-8

Average
July

temperature

Source: SICAAS, Regionai Diffe¡entiation of Chemical Fertilizer (Beijing:
Agricultural Science and Tecirnology Press, 1986) and Randolph Barker,
"Prospects for Growth in Grain Production," in Randolph Barker, ed.,

The Chinese Agricultural Economy (Colorado: Westview Press Inc., 1982),
p. 171. table 11.2.

C degree)

22 to 23

26 to 28

27 to 29

27 to 28

Ðô +^ O,lLV bW LA

21 to 25

76 to 24

10

precipitation

mm/year)
300 to 1000

50() to 1000

800 to 2000

1000 to 2000

200 to 800

1000 to 1200

less 250

500 to 1000

maJor

crops

corlì
soybean
wheat
cotton

rice
cotton

rice
tubers
rn'heat

corn
rice
tea

rn'heat

coltì
wheat
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Year

Table 1.2: Population-land Balance, 1952-1986

Arable land
million of
hectares

(1)

1952

1956

1965

i970
1979

1982

1986

Population

millions
(2)

r07.92
11i.82
103.60
101.13
99.50
98.61
97.27

Source: column 1 is from The Strategy of Rural Development in China (Bei-
jing: Agricultural Science and Technologv Publishing House, 1985), p. 795.

Column 2 and 3 are from China's Statistical Ì'earbook 1984, p. 81 and p.
109. The figure of arable land in 1986 is auth.or's estimate based on difler-
ent sources. othe¡s a¡e from China's Statistical Yea¡book 1987, p. 89 and p.
1JÐ.

574.82
628.28
725.38
829.92
975.42
1015.41
1057.27

Agricultural
labor force

millions
(3)

rIJ.-t J

185.45

233.98
278.r4
294.25
320.13
379.89

Arable I Arable
land per I tond p.,
capita I farmer

(1)+(2)l(r)+(s)
0.1e0 I 0.62
0.180 | 0.60

0.140 | 0.44

0.120 I 0.36

t].1o() | o.l+
0.098 | 0.31

o.oe2 | o.za
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Table 1.3: Labor Productivity Comparison, 1952-1986

GVIP
billion
yuar-r

(1)

G\iAP
billìon
I'Uan

\¿)

34.9 l¿0.r

lndustry
Iabor
force

158.06 i 63.20
274.70 | 76.66
558.96 | 105.85
739.08 11.11.39

Note: Production values are counted in 1952 prices. G\[IP is gross value of
industrial production and GVAP is gross value of agricultural production.
Source: SSB, China's Statistical Yearbook 1987, p. 115. Agricultural labor
fo¡ce data exclude emplovment in rural small-scale factories managed by the
commune level or above but include workers of state farms.

million
t2.46
13.75
i8.28
28.09
53.40
59.30
60.23
89.80

816.69 1154.85
1195.29 | 230.64

Contribution

per
worke¡

(1) + (3)
million
173.77
18o.45
233.98
278.r4
294.25

320.13
325.10
313.1 1

Contribution

yuan
2800.9
5200.7
8646.6
9779.3
10467.4
L2463.4
13559.6
13310.6

per
farmer
)\ - (4

yuan
266.2
too (

270.7

¿la.o
359.7
/l /11 7
==1. f

Á,7e.)IIU.d

736.6

to



Chapter 2

X{istorical Background of
China's Utilization of Organic
and Chemical Fertilizer

This chapter provides the historical background of China's utilization of both

organic and chemicai fertilizer. At present, organic fertilizer still plays an im-

portant role as a source of nutrient supply. Although the process of substitu-

tion of chemical for organic fertilizer has been adopted since the mid-1970s,

these two types of fertilizer are not "prefect substitutes". For instance, the

low- and declining organic content of Chinese soils c¿n not be complemented

through the application of chemicai fe¡tilizer. Furthermore, potash resources

are seriously lacking in China aud the application of manufactured potash is

far from adequate. Therefore, organic fertilizers provide most of potash that

crops need. As a result, the combined application of both types of fertilizer

has to be emphasized.

o^
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Z.L Organic Fertilizers

Chinese farmers have used organic fertilizers for over three thousand years 1.

According to Chinese agricultural documentaries, Xunzhi and Li'ii, written

over 2,000 years ago, Ìruman and animal rvastes. piant ashes and grasses

were used to increase crop output and improve soil fertiiity at that time. For

centuries, Chinese agricuiture has reiied heavil5'on the organic {erti}izers to

feed an ever-increasing population. One ¡eason that most of the land remains

productive after so man)¡ years of cultivation is the use of organic fertilizers.

In the 1950s, soon after the founding of the People's Republic of China,

farmers were erìcouraged to collect as mucir organic fertilizer as they could to

raise crop yield and output due to insufficient domestic fe¡tiiizer production.

Although the application of chemical {ertiiizers had rapidly increased and

reached 19.30 million tons in nutrient weight by 1986 2, the government

policy still rernained "u'alking on trvo legs," rvhich means that the application

of both chemical fe¡tilizers and organic fertilizers should be emphasized.

Organic fertilizers can be divided into four groups depending on the ma-

nure resources. First are those manures collected and prepared on the farm,

including human and animal rvastes, bt' products of biogas fermentation,

crop residues. oil cakes, plant ashes, river and pond mud, etc. Second are

green manures, u'hich include wild or cultivated plants that are plowed under

rHan Sun, "Organic Farming-Growing Plants," in Sylvan Wittrver, ed., Feeding A
Billion, F¡ontiers of Chinese Agriculture (Michigan State University Press, 1987), p. i11.

2See Table 2.6.
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while green. Third are the peats and humic manures, which ¿re the deca,ying

residues of plants at the bottom of lakes and the mixed manure u'ith peat

and minerals, respectivelS'. The last are industrial wastes containing certain

amount of nutrients. Chinese farmers have used almost all ma,terials u'hich

can be decomposed in the soil and can release soil nutrients (Han Sun,1988).

Table 2.1 lists the average plant nutrient content and absorption ¡ate of

various organic fertilizers used by Chinese farmers. Compared with Kueh's

estimate, the value of plant nutrient content in this table is low because

it is based on decomposed excreta rather than rau' excreta. Considering

the enormous size of China's territory, tlie actuai nutrient content ma-v vary

considerably from place to place and from time to time. As a result, it is

wortir assuming that the nutrient content of organic fertilizer is constant over

time.

Many scholars have agreed that it is difficult to achieve an exact estimate

for absorption rate because it varies witlì differences in decomposed time pe-

riods for organic fertilizers, soil conditions and plant crops, etc. First, tire

nutrients contained in organic fertilizers have to decompose in a period of

time. A portion becomes readily available for plant root systems and some

of the other portions can build up in the soil and be released during future

time periods. Sometimes this decomposing process takes a long iime and the

unabsorbed nutrients may be eroded arvay by water and wind. Therefore,

the storage period for organic fertilize¡s should be controlled to minimize the
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Table 2.1: Nutrient Content and Absorption Rate of orsanic Fertiüzers

Type of fertilizer

Night soil
Hog manure
Draft animal manure
Plant residues
Oilseed cakes

Green manure
River and pond mud

source: Kang chao, Agricuitural production in communist china
1949-1965 (Wisconsin: The U
table 6.1.

Nutrient content -l Absoretbn

u.o

u.Ð

u.b
0.3
/.u
0.4

Ioss of nitrogen. Second, different types of soil have various humus contents,

physical and ciremical properties and structures, which cause the percentage

of nutrient content to be changed. The irigher is the percentage of nutrient

content, the higher the absorption rate. Third, plant roots can absorb the

nut¡iertts only within their reach and different crops have different root sys-

tems. A portion of the nutrients can not be absorbed bt, ce¡tain crops simpl¡_

because it can not be reached by their roots even thouglr a large amount of

fertilizer is applied.

As was discussed earlier, domestic fertilizer production was insuficient in

the 1950s. The central government increased its pressure on rural communi-

ties to coliect more organic fertilizers. Because night soil and animal manure

was almost fully utilized by chinese farmers, especially in the ,,high and sta-

Q2
dJ

'2os I I{2o
0.2

0.4
0.3

0.2
I ..1

u.1

0.3
u. tl

0.8

0.6
2.7

0.4

Total I rate
1.1

T,4

I.7
1.1

r0.4
0.9

0.2

45
orì

20

30

oÐ

65
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ble yield " rice region whe¡e there was dense¡ human and animal population,

farmers had to collect fertilizers rvith lorv nutrient content. such as river and.

pond mud, to satisfy the government's demand. According to a report, all

rivers, ponds and aqueducts in Gangsu provincewere,,bottom up" by 1gbz3.

Although tire arnount of orga,nic fertilizers collected increased. dramatically,

total plant nutrient might not increase significantly due to an extremely low

nutrient content in the fe¡tilizers.

In 1958, provincial and local governments even set higher targets for farm-

ers to achieve. Consequenth', the extent of statistical exaggeration u,as be_

¡tond the limitation of natural resources and human abilities. Chao had a

good example to explain the situation. He r;r,rote:

"The Anhuei Daily, prouincial neuspo.per of Anhwei proaince, reported, in

August 1958 the achieuem,ents attained in sir localities. The aaerage amount

of fert'ilizer applied, per Tnou in 1gsï ranged from gs,750 kg to l1g,s50 kg.

[lsing the highesl f'gure would meo,n tl¿at 628 kilograms of fertilizers we,e

applied to each squere rneter of land surface. l4lhateuer materials the so-

called Jertilizers might be, this amount would be rnore than enough to bury a

small tree, let alon.e a rice plant.,,

High targets set by governments caused serious problems besides the wildly

exaggerated statistics. First, a considerable amount of labor was wasted in

collecting organic fertilizers. N4anS.localities reported that 80-40 percent of
3Op.cit., Chao, p. 148.
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tire labor force had been mobilized rvithout compensation payments to collect

organic fertiiizersa. It is estimated that a,bout 180 person days per hectare

are required to collect ¡iver and pond mud and to dig pits for preparing

decomposed manure (The manure is mixed river and pond mud with rice

straw, miik vetcir and hog manure.)5. Because river and pond mud was

removed year after year, it was no better than ordinary dirt. Second, the

top iayer of grassland u,'as ¡emoved as fertilizer in several southern provinces,

which caused severe erosion problems because many green hills and siopes had

become bare 6. Tirird, some nutrients rvere even injurious to crops because

the5' y¡st. eitirer too ¿rcid or too aikaline to be used.

Government policy changed when the domestic fertilizer production in-

creased. "Walking on two legs" was emphasized and the production of green

manure \.vas encouraged because the labor requirement of green manure pro-

duction was minimized and nutrient content of green manure was high.

z.L.L lluman and Animal Manure

Human and animal wastes are valuable manure sources because of their irigh

nutrient content and availability. According to an estimate, the mean annual

excreta per person is 90 kiiograms of feces and 350 kilograms of urine. AII

these u'astes contain 39 kilograms of organic matter, 2.65 kilograms of nitro-
4lbid.
5Op.cit., Sun, 113.
6Op.cit., Chao, p. 149.
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gen, 0.93 kilograms of phosphorus and 1.0 kilograms of potassium T. Based

on these basic figures, about 40 million metric tons of organic matte¡ and

4.6 million metric tons of nitrogen, phosphorus and potassium nutrients are

available annually in China.

Since 1949, hog raising has been encouraged because hogs provide not

only the principal meat consumed by the Chinese, but bristles, irides and

high nutrient content manure. National Program, Jor Agri,cultural Deuelop-

ment,1956-67, required each household in the rural areas to ¡aise an average

oî.2.5 to 3 hogs by 1967 except in the Moslem areas 8. As a result, the num-

ber of hogs increased in spite of several periods' fluctuations in 1950s. Prom

1949 to 1954, the hog population grew rapidly because hogs were raised b1'

individul farmers. It deciined in response to changes of government policy

from 101.7 miilion in 1954 to 88 million in 1955 and 84 million in 1956 s. In

this period the government required farmers to join cooperatives. Farmers

began to worry as to whether their properties such as draft animals and hogs

would change ownership. Although the government did not, force farmers to

submit their hogs to cooperatives with or without compensation paymentr,

many hogs were slaughtered. In 1957 the government restored the empha-

7Op.cit., Sun, p. 114. Acco¡ding to Kueh's estimate, the mean annual excreta per
capita contains 6.6 kilograms of nutrient (4.25 kg N, 1.3 kg P2Os, 1.05 kg ff2O) rvhile
nutrient coefficient is I.32To. This nutrient coefficient ¡efers to ralr', rather than decom-
posed excreta. Other scholars may use the lolver coefficient which is based on decomposed
exc¡eta.

6Op.cit., Kuo, p. 142.
eFo¡ more detail, see table 2.2.

36



sis to private hog raising and as a result, the hog population rose to 146

millions t0, but the increasing trend didn't remain for long. The hog popu-

lation declined again in 1958-1960 beca.use of communalization rr. Due to

the failure of coiiectivization policy and low grain output, the shortage of

fodder in particular became a major problem. Consequently, the number

o{ irogs dropped dramatically to 82 million in 1960 and 75 million in 1961

(see Table 2.2). From 1962 to 1966, agriculture slowly recovered from huge

Iosses of grain production caused by the failure of agricultural policy and

natural disasters. As the suppll' of fodder increased, the hog population rose

steadily. In 1966 the number of hogs reached a peak of 193 million when

"the Cultural Revolution" expanded nationwide. Not until 1970 did it stop

dropping because of negative effect,s of this porver struggle. From 1970 to the

present, the increase in hog population iras been comparativeiy stable except

the insignificant reduction in several years. B¡, the end of 1986, the number

of irogs had risen to 337 rnillion.

If an average feeding period is I months, the mean excreta. per hog is 950

kilograms of feces and 1,250 kilograms of urine. However, each hog can pro-

vide 173 kilograms of organic matter, 8.5 kiiograms of nitrogen,4.8 kilograms

o{ phosphorus and 9.8 kilograms of potassium. Based on a rough estimate,

1('Ibid.
11ln April 1958, twenty-seven collectives in Honan Province merged into a new organiza-

tion, rvhich rvas named "People's Commune'. When a people's commune was established,
the collective ownership was transformed into olvnership by the people as a r¡'hole. Private
plots rvere eliminated. By the end of 1958, the whole countryside had been completely
communized.
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I 
Year

Table 2.2: Hog Population, 1952-1986

Hog
population

rg52
1953

1954

195s

1956

1957

i958
1959

1960

i961
1962

1963

| (1o,ot)o)
8977

9613

10172
8792

8043

14590

13829

r2042
8227
7< (Ð

oooT

13180

Year Hog
population

1964

1965

1966

r967
1968

1969

1970

1971

r972
lvtJ
rg74
1975

(10,000

Source: China's Statistical Yearbook 1987

15247

loovó
19336

19006

1 7863

7725r
20610
25035
26368
25794
26078
28777

Year

hogs provide 87 million metric tons of organic matter, 11.6 million metric

tons of nitrogen. phosphate and potash nutrient annually t2. Of coutse, not

all excreta are collected and used as manure. A great proportion of nutri-

ents, particularll' nitrogen, is lost because o{ the processes of volatilization

and leaching before collection or application. Thus the rate of utilization

should be considered carefully when the total nutrients provided bt'hogs are

estimated.

Moreover, how to prevent the loss of nitrogen and how to kill pathogenic or-

1976

r977
1 07R

1989

1980

1981

i982
1983

1984

1985

1986

10,000

28725
29778

30129
a1 071

30543

29370
30078

29854
JUO/Y

33 i40
33719

, p. 178.

r2Op.cit., Sun, p. 114. Han Sun estimated that 500 million hogs are fed in China each

year ,,r'ith an annual feeding period of 6 months.
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ganisms are two major problems in tire handling and preserving of hurnan and

animal manures 13. Nitrogen is unstable in hum¿rn and animal manure form.

In order to reduce the losses, human waste is alrvays stored in leach-proof

pits close to the field for a period of time. During the process of storage and

decomposition, the tempera.ture is high in these pits and ammonium(¡/Hr)

is produced. Under th.is condiiion, many kinds of pathogenic organism and

bacterium are killed.

During the '¿'inter months, iitter is used to keep hogs warm in the sty. As

the hogs tread on it, it begins to absorb liquid u¡ine and rvaste. Then a

slou' anaelobìc rotting occurs. After several weeks to a month, the manure

is moved out and new litter is moved in. Generally, the manure is mixed

with river mud, peat, plant ashes and human waste. It takes months for

this kind of manure to decompose and become readily availabie manure.

During the summer, the excreta is removed rn'ith vi'ater and other materials

to pits outside the sty and remains there for a period of time. This method

reduces the losses from volatilization because relea,sed nutrients can be built

up by organic matter and be readill' available over future years. Farmers

have a deep appreciation of the merits of using this mixed manure in crop

production. First. it is rich in nitrogen and contains higher readily available

nutrients. Second, it is easy to decompose. The disadvantage of this manure

is that it is very iabor intensive. In addition, farmers may lose interest in the

^"lbrd.
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collection and preparation of this farm yard manure as the5' can purchase

more chemical fertilzers.

Tire rnanure of horse, cattle and sheep are \¡ery important manure re-

sources. It is estimated that ea,ch horse can provide approximatel5' 94 kilo-

grams of nitrogen. phosphorus and potassium annually 14. Horse manure is

rich in cellulose, hemi-cellulose and it is loose in texture. Cattle contribute

ûrore manure tltan horse do annually. The total range of cattle manure being

103 kilograms of combined nutrients, even though, it is dense and difÊcult

to decompose. Sheep can provide 13.78 kilograms of combined nutrient an-

nuallv. The total supply of manure can be significant from the large size of

the sheep population (Han Sun, 1987).

2.1.2 Green Manures

The cultivation of green manure crops has been encouraged not because these

crops can provide large quantities of organic fertilizer, but because thel' can

protect the soils from heav5' erosion when they are gro\l'n. At the same

time, green manure crops supply fodder fo¡ livestock. Evidence aiso suggests

that they can improve the productivit¡'of salt¡.' and alkaline soils in northern

China and the acid red soils in southern China (Sun, 1987). In 1964 green

manure crops \l'ere gror¡¡n on more than 5.3 million hectares of land, 1.37

times greater than tlie acreage in 1952 15. The acreage of green manure

raOp.cit., Kueh, p. 22..
'" l Drd.
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crops reached a peak in the 1970s when a total of 13 million hectares of

land, which u'as approximately 13 percent o{ the arable land, was used to

grorv these crops 16. Since then, the acreage under green manure crops has

been declining graduaily. The major reason is that green manure crops nl.ay

compete for iand with grain crops and cotton 17. Moreover, seed shortage

and constitutional change in rural areas aLso affect the production o{ green

manure crops 16. Although Chinese scientists have strongll' recom.mended

green manure crops because they have high and balanced nutrient content,

in 1986 the acreage under green manure crops in various areas is reduced

to only 4.42 million hectares le. Generally, the cultivation of green lnanure

crops has been more popular in southern China because of favorable weather

conditions such as longer growing season and higher temperatures in winter.

In these southern provinces, green manure crops have been planted on fallon'

iand and land between rows of other crops. For instance, greerì manure crops

may be planted with the main crop simultaneousll' otr¿ be plorved before

harvest. Tiris method of intercropping neither reduces the sowing area of

the main cïop nor interferes with regular plantings (Sun, i987). In addition,

there are other intercropping systems in different areas in China.

r6Ibid.
17Op.cit., Hsu, p. 55.
l6ln 1978 the government decided to break the rural management sysrem down. lndi-

vidul farmers obtained their rights to make production decisions. Without change in the
common ownership, land is contracted io individul families, rvho can earn more if they
produce more. As a result, the acreage of green manure crops has been reduced as farmers
decrease their production costs.

leData is from China's Statisticaì Yea¡book 1987, p. 169.
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The grou'ing of vetch in a cotton-wheat double-cropping pattern can be

observed everSrvshs¡e in south China. Before the harvest of cotton in auturnn,

vetch seeds are planted between cotton rov¡s. As cotton is harvested and the

stalks are removed. n'heat seeds are pianted in the ro'ws n'here cotton greu'

before. Then, wheat and vetch crops grow simuitaneousiy until next spring.

In Ma5', the vetch is piorved under u'hile Breen and cotton seeds are sown on

the tops of the rou's. The wheat and cotton grow together until the harvest

of rvheat. This cropping pattern does not, affect the growth of both wheat

and cotton crops but is more labor intensive (Sun, 1987).

2.L.3 Biogas Production

Small-scale biogas units not only provide a new energy source but also im-

prove organic manures. Undergrouud digesters are usually contructed with

brick and cement near the house. The capacity of each digester is around

6-10 cubic meter and can supply enough biogas for a 4-6 person family 20.

Human and aninal r,v'aste, crop residues, grass and leaves are used as ralr' ma-

terials to produce biogas rvhicli contains about 70 percent pereme methane

and 30 percent carbon dioxide through the fermentation process 21.

The benefits of biogas production are numerous. First, biogas provides

an efficient energy source. In China more than one-half of crop residues are

bu¡ned with heating efficiencJ' of only 10 to 15 percent while the heating

20Op.cit., Hsu, p. 89.
?llbid., p. 88.
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efüciency of biogas is 50 to 60 percent 22. In addition, the more biogas

digesters built, the more organic materials that can be recycled in the field

and the less forest and grassland are destroved. Second, biogas production

provides complex manure. During the fermentative process, 40 to 50 percent

of tire organic carbon is converted into gases. The other nutrients rernain

in the sludge except for a. small loss of nitrogen ?3. As a result, the sludge

is richer in nitrogen. phosphorus and potassiurn than other manure forms.

Third, the burning of biogas is cleaner and mo¡e convenient tiran the burning

of plant residues. Thus it protects environment from pollution. Finally, the

fermentative process in an underground digester also heips to control diseases

24.

In 1980, there were more than 7 million smail-scale digesters throughout

China. ln addition, there were some 36,000 larger digesters built by com-

munes, state farms, etc. 2s.

Table 8.1 and 8.2 in Appendix records the results of the most recent effort

to estimate the total supply of organic fertilize¡s in China. Kueh collected

more complete and recent official statisticai iltformation than his predecessors

and analyzed diffe¡ent resources of organic fertilizers in detail 26. With .so

22Op.cit., Sun, p. 122.
23Op.cit., Hsu, p. 89.
24Ibid.
25Ibid.
26Kueh employed this formula in his study: N.F : Q xtt x (n-lp+k) x AnlAc. Where

NF is the annual total of organic fertilizers in nutrient weight from aìl sources; Q the gross
weight of organic fertilizers; U the ¡ate of utilizatiotri D, p, k the nutrient coefficient for
nitrogen, phosphorus and potassium, respectivel¡'; and AnlAc is the plant absorption rate
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marìJ' kinds of manure involved in this estimation, diferent estimates mal'

have different results. But. Kueh's estimate still showed several u'eaknesses.

First, rnost of soybean cakes were used as fodder to feed livestock in norlhern

China, where soybean was a. major crop. A small proportion of soybean cakes

might be applied to grow rvater melon or other cash crops but littie was used

as organic fertiiizer for grain crops. Second, the estimate didn't include the

number of irogs r¿'hich were slanghtered before the end of each year. \\iitlr

the enormous size of the hog population, the diffe¡ences in total manure

suppiy can be considered significant. Finally, fuel is seriouly lacking in ru¡al

areas. Therefore, about one-half to three-fourth of crop residues is burned

for heating and cooking everv year. There may not have a great amount of

crop residues left which can be used as organic fertilizer. It is very important

to pay attention to the role of organic fertilizers in agricultural production.

Organic fertilizers still make up the bulk of total nutrient supply even thouglr

the process of substitution of chemical fertilizer for organic fertilizer iras

emerged. At the same time, the suppl-v of organic fertilizers is constrained

by the natural resources and affected by many other factors. As the demand

for food, vegetable and fodder increases, tire efficient use of organic fertilizers

will result in high-yield, high-quality agricultural products.

f-@ respectively.
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2.2 Demand, Production and Import of Chern-
ical Fertili zer

2.2.L Ðemand for Chemical Fertilizer

The recorded performance for chemical fertilizer has been significant wo¡ld-

u'ide. According to a comprehensive estimate, 40 to 60 percent of the in-

crease in crop yield comes from the use of chemical fertilizer 27. From 1960

Lo 1977, the Food and Agricultural Organization of the United Nations al-

Iocated 100,000 field experiments to test the effect of chemical fertiiizer in

40 countries. The results indicated that the most efrective use of chemical

fertilizer rvould cause an average of 67 percent increase in crop yieid and each

one doilar investment in the use of chemical fertilizer would vield 4.8 dollars

from agricultural production 28.

In 1958 the Chinese Academl' of Agriculturai Science set up a national

network for experimentation rvith chemical fertilizer. Agricultural research

institutes in 25 provinces, municipalities and autonornous regions partici-

pated in these field experiments. The aim of this network was to study the

effective use of chemical fertilizer for different crops such as rice, wheat and

corn in different regions and on different soil types 'n. By the end of 1962.

122 field experìments had been completed (see Table 2.3). The result of the

27Op.cit., SICAAS, p. 6.
28FÁ.O, "Fertilize¡ and Their Use, 1978."
2eleslie T.C.Kuo, Ägriculture in the People's Republic of China (New York: Praeger

Publishers, Inc., 1976), p. 148.
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Table 2.3: The Effect of Chemical Fertilizer Use, 1958-1962

rlce
u'heat
corn

cotton *

rapeseed

Th,e yield T'esponses to different chemical fertilizers
N(nitrogen

k ctc--Ò-
1 ã .tn
Lù- LU

i0- 15

20-30

8-10
c-0

40-60

Note: The use of different chemical fe¡tilizers was counted in nutrient weight.
Each kilogram of additional use in nitrogen rvouid increase 15-20 kilograms
of rice as sirow in (Table 2.3). * The weight of cotton included the weight of
its seed. Sources: SICAAS, Regional Differentiation of Chemical Fertilizer

PzOs(phosphate

(Beijing: Agricultural Science and Technologl Press, 1986), p. 7.

kgt
8-12
5- 10

5- 10

experiments indicated that the effect of nitrogen was significant on different

types of soil all over the countrv and that the effect of phosphate was sig-

nificant in south of the Yangtze River but not in north. The use of potash

didn't show significant effects in most regions 30.

As may be observed from Table 2.4, the demand for nitrogen r!-as signifi-

catly high in China because the use of nitrogen fertilizer rvould increase crop

yield. The test result also confirmed tha.t Chinese farmland was seriouslv de-

ficient in phosphate after thousands of year's cultivation. During the period

of late 1950s, most of the {ertilizers used by farmers v/ere organic fertilizers.

However, the yield per unit of farnland was low because organic fertiiizers

5-8

l¡ os-^ö-
,/l

no effect
q/1
L-A

potash

3()SICAAS, op.cit., p. 18-22.
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decompose slowly in the soil and they can hardlS. satisfy the denand for

fertilizer when growing crops use nutrients from the soil at a concent¡ated

rate. Although neu' varieties and irrigation systems piayed an important role

in increasing crop yields in 1950s, further deveiopment of grain production

had to rely on chenrical fertiiizer. The reasons were: first, the growing pop-

ulation put high pressure on agriculture for {ood. clothing, emplo¡rment, raw

materials, etc.; second, farmland rvas limited: third, grain production was

constrained by soil deficiency in nutrients (NPK).

The second field test ',r'as conducted by the Chinese Academy of Agricul-

tural Science in 1981. Bv the end of 1983, this field test had been completed

in 29 provinces, municipalities and autonomous regions. The results of 829

field experiments on rice, 1,260 on rvheat and 629 on corn indicated that tire

yield response to the use of chemical fertilizers was high. Compared with

their corresponding treatments in which no chemical fertilizer was used, the

I'ield of rice, wheat and corn increased 40.8, 56.6 and 46.1 percent, respec-

tively(SICAAS, i986).

\\¡hen phosphate fertiiizer is used, each kilogram nitrogen fertilizer would

increase rice by 9.1 kilograms, wheat by 10 kilograms, corn by 13.4 kilograms

and soybean b5, {.3 kilograms. Compared with the first field test, the effect of

nitrogen fertilizer has been reduced approximately one-half on rice, corn and

cotton. The diminishing return might be explained in this way: as more and

more nitrogen fertilizer was used, phosphate fertilizer became a constraint

À'7al



Table 2.4: The Effect of Chemical Fertilizer Use. 198i-1983

Crop
¡(oE*

rice
wheat
corlt
sorghum
soybean
rapeseed
cotton
potato

N(ni.trogen)
tise of
ferti-
lizer

896
1/lRqLAWL

728
106

87

68

45

16

kgs/hec
126.0

II I.õ
L24.5

113.3

1i 7.0

158.3

168.8

62.3

Ea,cir kg's
contri-
bution

Note: The field test rvas measured by: if the effect of different nitrogen fer-
tilizer uses was tested, a fixed amount of phosphate fertilizer was applied on
fields. The effect of different pirosphate fertilizer uses was tested'*'hile a fixed
amount of nitrogen fertilizer rvas used on fields. The effect of potash fertilizer
was tested in the same way but both nitrogen and phosphate fertilizers were

used. * NOE is number of experiments.
Source: SiCAAS, "A Report of the National Network for Experimentation
with Chemical Fertilizer, 1981-83," p. 17.

factor '¡'hich tipped the balance of nutrient content on different types of soil.

The second field test result also confirmed that the effect of nitroeen fertilizer

u'as higher on low and middle-yield farmland 31.

kgt
9.1 + 0.20
10.0 r 0.17
13.4 + 0.41

8.4 + 0.40
4.3 + 0.42
4.0 + 0.45
L.2 + 0.72

58.1 + 15.0

I'{OE I Use of I Each kg's

I ferii- | contri-
I lizer I bution

P2O5 (phosphate)

i kgs/hec
s27 I 57.8

1851 | 80.3

1040 I 83.3

L2e I e0.8
134 I gg.A

sT I ooo
e7 | ee.t)

44 | 59.3

kgt
/ ù | 

^ 
1Y

+. / r u.rÐ
8.1 r 0.16

9.7 + 0.30

6.4 t 0.25

2.7 + 0.69

6.3 + 0.83

0.7 + 0.05

33.2 + 6.90

3lThe field test result indicated that there rvas a significant correlation betrveen the effect
of chemical fertilizer and the farmland fertility. When there was no chemical fertilizer
used on farmland, the different farmland fertility levels could be measured by the diffe¡ent
yield levels. Compared with the effect of chemical fertilizer on high-yieid farmland, the
effect of chemical fertilize¡ on low and medium-yield farmland was significantly higher
and the margin was 4.0 kilograms on rice, 5.0 kilograms on wheat and 5.5 kilograms
on corn. For more detail, see SICAAS, Regional Differentiation of Chemical Fe¡tilizer
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Combined with nitrogen fertilizer, each. kilograrn phosphate fertiiizer con-

tributed to an increase of 4.7 kilograms of rice, 8.1 kilograms of rvheat, 9.7

kilograms of corn and 0.7 kilograms of cotton (Table 2.4). Compared with

1961 test result, the diminishing return of pliosphate fertilizer appeared in

rice but not in corn and wheat. The ¡easons were: fi.rst, organic fertilizer no

Ionger released enough piiosphate nutrients as the yield of crops was increas-

ing. Therefore, the efièct of phosphate fertilizer was significant on both corn

and wheat; second, in the 1965-1976 period, 80 percent of phosphate fertil-

izer was sold in 13 provinces south of the Yangtze River (SICAAS, 1986). In

these provinces, the main crop was rice. As a result, phosphate content in

the soil of these provinces lras comparatively high.

The effect of potash fertilizer use was significant. Each kilogram ol ad-

ditional potash fe¡tilizer would increase rice þ¡'4.9 kiiograms, wheat by 2.1

kilograms, corn by 1.6 kiiograrns and cotton b5' 0.95 kilograms (Tab1e 2.5).

Field test results also indicated that the effect of potash has increased signifi-

cantlf in provinces south of the Yangtze River. As ir1'brid rice and ìrigh-¡'ield

rice varieties have spread, more and more nitrogen and phosphate fertilizers

but less potash fertilizer are used. Therefore, the potash content can hardly

maintain its balance in these provinces.

Overall, the demand for chemical fertilizer has gror¡/n at a faster rate than

tlie supply because both rnarginal and average rates of returns to the applica-

(B"ti@echnology Press, 1986) p.18.

49



Table 2.5: The Effect of Potash Fertilize¡ Use. 1981-1983

rl ce

wheat
coln

sorghum
soybean

rapeseed
cot,tolì
potato

experiments
öfð
678
11 /ldTT

11IA

D+

39

df

Source: sane as Table 2.2.

Potash(KzO
Application of

tion of fertilizers (chemicai and organic combined) are comparatively higir in

present-day China (Kueh, 1985). Therefore, the¡e is still substantial room for

expanded appiication of chemical fertilizers q'hen the application of organic

fertiiizer is constrair-red b5' the natural resource suppiy. From 1952 to 1986,

grain output grerv a.t an annual rate of 2.59 percent while the population

grou'th ra,te averaged 1.81 percent 32. At the same period, the application of

chemical fertilize¡s grew at 17.6 percent annually 33 and total grain output

inc¡eased from 163.92 to 391.5i million tons under the basically constant size

of sown area 34. It can be observed that grain output per sown hectare also

increased dramatically from 1,160.4 kilograms in 1952 to 2,715 kilograms in

potash(kgs/hec
87.0

ðÐ.,)

v(.Ð
92.3

120.0

88.4
135.0
onn

4.9 * 0.16

2.1+0.23
1.6 + 0.67
2.9 + 0.45

1.5 + 0.07

0.63 + 0.08
0.95 + 0.08
10.3 + 5.00

32Calculated from data in China's Statistical Yearbook 1984-1987.
33Calculated from data in Tabie 2.6.
3aSee Table 8.3 in Appendix.
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1986 35. But per capita grain availabiiity greu' only from 285.2 kilograms in

1952 to 370.3 kilograms in 1986 36, a, ver]' low annual growth rate o{ 0.77

percent 37. These ferv basic sta,tistics illustrate that increased application of

chemical fertilizer has been very important producing enough food for more

than 1 billion people.

2.2.2 Production and Application of Fertilizer

Tire production and application of chemical fertilizer seems to haveimproved

in the past three decades. Table 2.6 records annual production and appli-

cation of chemical fertiiizers in nutrient weight. The production of chemi-

cal fertilizer in 1952 was 39,000 tons and the use of chen-rical fertilizer was

78,000 tons. The use o{ chernical fertilizer soon after the Communist take-

over was insignificant in China compared 'rvitir its cultiva.ted areas of 100

million hectares. Moreover, the quantity of chemical fertilizers demanded

was higher than the quantity supplied and China l.rad to import chemical

fertiiizers to satisfy its denand.

If historical development can be divided into 7 periods based on SSB's

division of the 33 years, the t¡end of the production and application can be

shown. Follou'ing are the seven periods:

1953-i957 The First Five-Year Plan period.

3sCaculated from data in China's Statisticaì Yearbook 1984,

China's Statistical Yearbook 1987, p. 164 and p. 169.
36lbid.,1987, p. 89.
37Calculated from data in China's Statistical YearbqaÌ 1984.198?.
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1958-1962 The Second Five-Ìbar Plan period.

1963-1965 Post Great Leap Forrvard recovery period.

1966-1970 The Third Five-Year PIan period.

i970-1975 The Fourtir Five-}'ear Plan period.

1976-1980 The Fifth Five-Year Plan period.

i981-1985 The Sixth Five-Year Plan period.

Table 2.7 lists the five-vear average grorvtir rate fo¡ both production a¡d

application of chemical fertilizers in China. Production growth rvithin each

period ranged from 0.3 to 63 percent. In 1953-1957 and 1g63-1965 periods,

the grorvth tates u'ere significantiy higher: 32 percent per annu¡r in t¡e first

period and 63 percent in the second period. The rapid increase in production

was due to the low base level in 1953-1957 period and the firsf-stage instal-

lation of the \\¡u ching chemical plant, the second-stage installation of the

Ki¡in Chemical Fertilizer Plant, and the trial production of the Canton Ni-

troge* Fe¡tilizer Plant in 1963-1g65 period (Kuo,19Z6). As may be obser'ed,

the lorvest gror,r'th rate was 0.3 percentin 1966-1970 period. In 1g66 the total

output of ciremical fertilizer was 2.4 million tons when the Cultural Revolu-

tion was instigated by Mao Tse-tung rvith the aim of purging his political

opponents. As many workers participated in the "Revolution", a large por-

tion of chemicaì fertiiizer plants was shut dou,n. Consequently, the output of

chemical fertilizer declined to 1.64 million tons in lg67 and 1.10 million tons

in 1968. Not until 1970 did the production of chemical fertilizer recover from
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the effects of this man-made disaster. From 1952 to 1986, the growth rate of

chemical fertilizer production averaged 18.9 percetrt tt, a, considerabiy high

Ievel over a prolonged time period. In fact, chemical fertilizer production

is the only item, except military goods, tha.t did not show any deciine in

production in 35 years when 1966-69 period is not counted.

There are several reasons tha,t chemical fertilizer production is very impor-

tant in agriculture. First, Chinese farmers have used organic fertilizers fo¡

susta.ining production and rnaintaining soil fertilit¡r for over three thousand

vears. A massive use of organic fertilizers has retarded the depletion process

for other nutrients, leaving nitrogen as the deficient nutrient in most areas

(Stone,1986). Second, fuel is critical in rurai areas. about one-half to three-

fourths of the crop residue is burned for cooking and ireating despite their

lolv heating efficiency of only 10 to 15 percent ss. As a, result, when the ash is

returned to the soil, nitrogen is completely lost. Third, nitrogen is unstable

in human and animal manure form since it may disintegrate or evaporate as

a compound matter. Fourth, the deficienc5'in phosphate, potash and other

trace elements has been increasing. Finally, the population in China has

exerted a great pressure on agriculture to produce enough food. Therefore,

the government has invested a huge amount of capital to increase chemical

fertilizer production capacity since 1949.

The grou'th rates of fertilizer application were ranged from 3.6 to 48 per-

36Caiculated from data in China's Statistical Yearbook 1987.
3eOp.cit., Sun, p. 122-
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cent per annum during the seven time periods. Because of the low base

appiication levels, the impact of rapid development in the earliest period can

be largely dìscounted (Stone, 1986). In the 1966-i969 period, the produc-

tion of chemical fertilizer dec¡eased but the application of chemical fertilizer

rernained comparativeìt' r¿obt". The reason was that China imported a con-

siderable quantity of chemical fertilizer to fulfil its demand.

Tlie application of chemicaì fertilizer in China had risen from 0.55 kilo-

grams of pure nutrients per hectare of cultivated land in 1952 to 2.4 kilograms

in 1957, 4.5 kilograms in 1970. 33.3 kilograms in 1975, 86 kilograms in 1980

and 133.8 kilograms in 1986 40. From 1952 to 1986, the application of chem-

ical fertilizer increased at an annual rate of 17.6 percent 41.

In the future, chemical fertilizer will play a more and more important role

in agricultural production. First, farmers have obtained benefits from using

chemical fertiiizer on grain crops. At the same time, they have increased

the application of chemical fertilizer on cash crops because more benefits can

be achieved. As a result, the demand for chemical fertilizer rvill continu-

ously increase. Second, the use of organic {ertilizers is reduced because the

a'lRobert Hsu points out that the application of chemical fertilize¡ per hectare of cropland
increased from an annual average of 13.3 kilogram nutrients in 1961-i965 to 45.5 kilograms
in 7972,74.3 kilograms in 1977, 109.2 kilograms in ig79 and 201 kiiograms in 1986* while
the world average was 27.9 kiìograms in 1961-1965, 54.3 kilograms in 1972, 68 kilograms
ín 1977,77.i kilograms in 1979 and 94.5 kilograms in 1986. The application of chemical
fertilizers per hectare of cropland exceeded the world average in 1977 and the growth rate
of chemical fertilizer application in China was higher than that in the ¡est of the world.
Fo¡ more detail, see Robert C. Hsu, Food for One Biliion (Colorado: Westview Press Inc..
i982), p. 56. x' 1986 figures come from SICAAS.

alCalculated from the data appearing in Tabie 2.6.
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collection and preparation of th.ose fertilizers is iabor-intensive. Under the

new production responsibility contract system, farm labor is migrating to

other industries. Thus, farmers are rn'illing to purchase chemical fertilizer.

To compensate nutrients in dìfferent types of soiis, the more use of chemical

fertilizer is necessary. Tirird, more chemical fertiiizer has been used for feed

crops, forestry and so on. As a result, the positive growth rate of chemicai

{ertilizer application must remain.

2.2"3 Chemical Fertilizer Imrrorts

China has imported chemical fe¡tilizers since 1905 42. From 1905 to 1949,

chemical fertilizer imports totalled less than 3 million tons in standard rveight

at. Iu order to maintain a desired rate of increase in crop yield and output to

satisfy the demand from the ever-increasing population, China has increased

its chemical fertilizer imports, except for a few years, since 1949 under the

condition that domestic production is fa¡ from being adequate.

Before the iarge-scale construction o{ the fertilizer industry at home was

unde¡u'ay, imports played a key role in increasing foodgrain production. In

1954, 129,700 tons chemical fertilizers in nutrient weight 44 was imported

and the number reached 1.11 million tons in 1969 at a cost of U.S. $180

million 45. In 1970 China imported 8 million tons of chemical fertiiizers

{2Op.cit., SICAAS, p. 2.
a3Op.cit., Kuo, p. 154.
aali is assumed in this study that all chemical fertilizers consist of 20 percent nutrient

weight.
asOp.cit., SICAAS, p. 3.

55



in sta.ndard u'eight, accounting for 20 percent of the world's total fertilizer

imports, and became the world's largest fertilizer importer (Kuo,1976). In

1983 it imporied 3.04 miliion tons of chemical fertilize¡ in nutrient rveight a.t

a cost of U.S. $1.2 billion and another l billion yuan for domestic subsidies

r¡'hen thev were sold in the rurai markets 46. The largest fertilizer imports

were 3.85 miliion tons in 1984 (Table 2.8).

The imports of chemical fertilizer also provided a solution to the fertilizer

problem in another sense. China could not produce certain types of fertilizers

as its chemica"l fertiiizer industry began to develop in the 1950s. To main-

tain the balanced nutrient content in the soil, different varieties of chemical

fertilizers were imported as cornpiements to domestic production.

During the First and Second Five-Year Plans (1953-i962), two large-scaie

nitrogen fertilizer plants were exparì.ded and many small-scale fertilizer plants

were built. In the 1970s, China imported 13 large-scale complexes. As a

result, chemical fertiiizer production increased rapidly. In 1954, 81 percent

chemical fertiiizers applied in China came from imports but tiris proportion

was reduced to only 13 percent in 1986. During the same period (1952-86),

tl-re quantities of imports increased steadily because of the rapidlS' grovring

demand.

Nitrogen fertilize¡s have been tire largest item among the imported fertii-

izers. Ammonium sulfa.te and calcium ammonium nitrate were two ia¡gest

'-lDto.
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items imported in the 1960s and the 1970s (Kuo,1976). Imports of urea have

increased steadly since the 1970s. Recently the imports of phosphate, potash

and compound fertiiizers have incre¿rsed considerably (SICAAS, 1986).

Japan has become an important chemical fertilizer supplier to China. In

1968 China imported 2.46 rnillion tons ammonium sulfate in standard weight

rn'ith a cost of U.S. $74 million. One year later, the total imports increased

to 2.85 million tons at a. cost of U.S. $80.8 million. In 1970 China imported

5.47 miliion tons of chemical fertilizer from Japan. It is understandable that

China. is willing to purchase chemical fertilizers from Japan. First, the price

of Japanese fertilizers is lorver than that of European fertilizers. Second,

Japan can use small ships to carry fertiiizers to China, which reduces the

shipping and handling costs and can deliver fertilizers to any port without

delay (Kuo, 1976). The Soviet Union and Canada also play an important

role in suppplying China with chernicai fertilizers.

This chapter had provided the historical background of China's utilization

o{ both organic and chemical fertilizer and China's imports. Although China

has made tire most significant progress in the production and application of

chemical fertilizer in the world, there are still several serious problems in tiris

sector.
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Table 2.6: The Production and Application of Fertilizer, 1952-86

Year Production
of

fertilizer
(10,000 tons)

1952
1953

1954

195Ð

i956
1y,) /

1958

i959
lvou
1961

1962

1963

7964
1965

1966

1967

1968

1969

eo
,1. u

o.i
7.9

11.1

IJ.I

79.4

26.6

4U.Ð
,o7
46.4

64.8

100.8

772.6

240.9

164.1

110.9

774.9

Application
^ru_t

fertilizer
(10,000 tons)

7.8

I t.0
16.0

24.4
?ee
qn .)
ùt.d

û+.o

53.8
66.2

44.8

63.0
i04.3
129.0

794.2

265.5

266.r
199.5

273.7

Year Production
OI

fertilizer
(t0,000 tons)

1970
1 Ct71

r972
7973
7974
1975

1976
7977

1978

i979
1980

1981

1982

1983

i984
1 985

1986

243.5
299.4
370.1
459.2
¿.r, ,
524.7
É,i A FZ

üL=. I

723.8
869.3
1065.4
t232.7
1239.0
r278.1
1378.9
1460.2

7332.2
i395.7

Application
of

fertilizer
(10,000 tons)

Note: Standard weight denotes that chemical fertilizer consisting of 21 per-
cent nitrogen, 18 percent phosphate and 25 percent potash. It is assumed
that all chemical fertilizers consist of 20 percent nutrient weight.
Source: The data of column 2 and 3 are from SICAAS, p. 6-7.
Column 4 is from SSB, China's Statistical Yearbook 1g84, p. 410 and
China's Statistical Yearbook 1987, p. 601.

351.2
470.4

+Ðð. v

502.8
+io.o
489.0
528.8
595.9
844.0
1086.0
1269.4
r.óó¿1.y

1513.4
i659.8
173 9.8

r775.8
1930.6
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Tabie 2.7: The Grorvth Rate of Chemical Fertilizer. 1953-1985

Period

1953-1957i 32.0 I 4E.0 | 54.8

i Growth rate I Growth rate I Gro'¡'th rateG¡owth rate I Growth rate I Gro'¡'th ratt
of fe.rtilizer I of fertiiizer I of fertilizer

1958-1962i 24.0 | 3.6 I 10.8

1963-1965 I 63.0 | s6.O | 3.9

1966-1970 1 0.3 | Z.Z I rg.S

productionlapplicationl imports
(percentage) I (percentage) | (percentage)

1971 -1975t 15.0 I 4.5 i -6.3

Note: Tire growth rates were calculated from the data appearing in follow-
ing books: SSB, China's Statistical Yearbook 1984 and China.'s Statistical
Yearbook 1987 and SICAAS, Regional Differentiation of Chemical Fertilizer.
Source: SICAAS, Regional Differentiation of Chemical Fertil-izer, Table 1-1,

1:19-1?:91 ',:: | ',:9 I ',:21981 -1985 I 1.6 | Z.+ I -¿.9

p. 6 and SSB, China's Statistical Yearbook 1984-1987.
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Table 2.8; Chemical Fertilizer Imports. 1952-1986

L952

1953

r954
1955

1956

1957

1958

1959

1960

i961
1962

1963

7964
1965

i966
1967

1968

1969

Imports
(i0,000 tons)

Á qr)
A.L¿

7.20
L2.97

i6.34
26.73
q /1 2')La.ù¿

39.34
30.34
25.01
lo.oÐ
24.81

50.65
36.16
Ðlt. tu
62.97
97.60
104.14
111.05

Proportions
imported(%)

54

62

81

ot
80

64

72

Ðo

38

59

39

49

28

28
,4
,'I
52

4L

Year

1970
1971

r972
1973

r974
1975

1976

r977
1978

1979

1980

198i
1982

1983

1984

1985

1986

Imports
(10,000 tons)

128.37

128.08
12F q/1
!¿¿.La

125.66

102.04

98.70
v1. /o
I27.9r
146.67
167.89
200.35

186.13
222.16

303.85
385.50
256.70
24r.50

Note: It is assumed that all chemical fertilizers consist of 20 percent nutrient
weight. "Proportion imported" fi.gures are calculated by dividing current
year nutrient weight imports by current year weight application data and
may not reflect tl-re exact proportion of imported products among applied
fertilizers.
Source: China's Statistical Yearbook 1984, p. 401 and China's Statistical
Yearbook 1987. p. 601.

Proportions
imported(%)

2^

51
en

,a,

ZI
20
17It

27

17

1tl

T4

AU

18

22

T4

l_J
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Chapter S

Theoretical Framework of
Ðemand Functions for
Chernical Fertilizer (NPK) in
China

This chapter provides the discussion of the methodologt' used in the empiricai

analysis of the study. The discussion includes five sections, namely: theo-

retical framework, specification of demand functions, methods of analysis.

irypotheses and assumptions, and exogenous variables. in addition, a basic

regression model is employed for time series estimate. Unfortunately, it is

impossible to analyze the demand for chemical fertilizers in different regions

because of the scarcity of detailed information.
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S.L Theoretical Flarnework

According to traditional theory of the firm, the decision maker airvays prefers

to rnaximize profits when input/output and price ratios ale knou'n and capi-

tai is unlimited. At the same time, it is also assumed that individual decisions

have no influence on price under a purely competitive market 1.

For purpose of simplicity in presentaton, it is assumed that onl¡' tu'o inputs

are included in the production of crop Y: land (X1) and chemicai fertiiiizer

(X2). Equaton (3.1) is a production function. Profit function can be defined

in (3.2) from equation (3.1).

u'herePo, P1 and P2 ate prices of crop, land and fertiiizer, respectively.

Gross rel'enue is obtained when Y is multipiied b¡, Po and the total cost is

defined as the sum o{ P1 multiplied bv X1 and P2 multiplied bv X2.

Profit is maximized when all resou¡ces are used at levels that their marsinal

return is zero:

)': /(N1,X2)

n = f(Xt,Xr)Po - PtXt - PrXz

Indust¡y (Iowa: Iowa State University Press,

62

1E.O. Heady and L.G. Tweeten, Resource Demand and Structure of the

(3 1)

\ö-¿ )

1963), p. 42.

l,) ,)\
\._) . .r ,/
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O:\2 ClÀz

If above tu'o equations are divided by

obtained:

Equation (3.5) and (3.6) indicate that the marginal product

the inverse price ratio when the profit maximizing condition is

From the above two equations. equation (3.7) is derived:

Dt2

p

-0

aY
ñ
O:\1

two more

Dr1
P

(3 4)

equations can be

rvhich indicates that the marginal rate of substitution of

another equated to the inverse price ratio of the two inputs.

When a Cobb-Douglas production function is chosen, there

\' : aX!'X!'

aY P2

ðx, P!

dx, P2

dx, Pl

lú.o J

/ñ ^\(ó.o /

must equate

achieved.

dx, brxt
dxz brxz

Xr : bú;lPt-'PrX,

63

/o ry\
\.).r /

one input for

(3 8)

(3.e )
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The assumed production function form is (3.8), the corresponding marginal

rate of substitution is (3.9) and the isocline equation is (3.10) 2.

X1 in (3.10) is defined as a function of several factors and Xz. The pro-

ducton functon can be redefined rvhen (3.10) substitutes for X1 in (3.8).

\' : abtbrbr-b, Pr-b, Prb, Xrù*uz (3.11)

I\{ultiplying by &, the price of crops, the total value of crop TVP is

obtained. As a result, the marginal value of the fertilizer is Ce¡ived as the

deriva.tive of T\¡P with respect to X2 in (3.12).

2This equation is derived from equation(3.2) when the assumpiion is that all resou¡ces

are used at levels that their marginal return is equal to ze¡o. Profit function is knolvn as

sholv:

n - aPoXbr' xt' - PtXt - PzXz

#: 
(ö, + b2)abrb'br-b'pr-b' p"bt yrbt-rb'-r Pa

# = a.b1pox¡b,-t xrt', - pr = o

Where X1 is defined as a
and X2.

# = ab2Pnx.b' xrt+-t - Pz = o

dXt
dXz

ab2P,,X1b' X2h'-r

(3 12)

X1 = b1ö2-1P{\ PzXz

function of the coefficients

o¿1

ab1P,X7 ,-7 Xrt,,

p^

p-

(å1 and ò2), the prices of inputs



To satisfy the profit maximizing use of the resource. setting (3.12) to equal

tire input price P2 and reranging this equation:

Xz : [(ö, + b2)abrb,br-b, Pr-b, P.,b,-l eo1;fa

\4¡hen land is fixed, there is another equation 3:

Xz : iab2Xrb' Pr-lPo1ì6

From equation (3.14) the demand function is able to be expressed as a

function of the crop/fertilizer price ratio and other fixed factors:

3.2 A Specification of Irnportant Variables

A specification of several important variabies which appear in demand func-

tions is needed. The follorving are these variables:

FertilizerDernand.(Xr) : f (?,rr,

3This equation is derived from equation (3.a) when iand is assumed fixed:

?tr , - .- ,,. *-
h = øb2PoX1t', )rt'z-1 - Pz = 0

/'.) 'l e\
\d.fù,/

!'t'z- 1

Xz=

where X2 is defined as a function
output and X2

(3 14)

= a-rbz-t Xr-", PrPu-,

(3. 15 )

lab2Xyb'er-t rrylu

of the coefficient (ò2), constant term a, the prices of

IJÐ



Fr* : the expected total national consumption of cllemical fertilizer by

Chinese farmers in the current year and measured in thousands of tons.

Fr : the index of total fertilizer consumption in Cirina.

F¿ : the actual level of fertilizer consumption bj' farmers in the current

year.

Ft-t : the actual level of fertilizer consumption by farme¡s in the previous

year.

4 : the fe¡tilizer price index deflated by the input sales price index for

the current year (1952 used as the base year).

I Nr-t : the lagged farm income index deflated by the general rvholesale

price index.

?¿ = time trend variable which indicates technological progress.

Gp : the grain price index deflated by the general rvholesale price index

for the current year.

OF¡: the actual level of organic fertilizer used by {arme¡s in the cur¡enl

year and measured in 10 thousands of tons.

RA, - the fertilizer/grain price ratio in the current year.

Land : the total sown hectares in China.

U:arandomresidual.

With these variables used, demand functions for fertilizer are estimated.

All prices are deflated by the indices of corresponding item. The algebraic

form of these demand functions is a logarithm form.
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3.3 Methods of Analvsis

This section includes a, short-run and a long-run demand function estim¿ted

for fertilizer in China,, rvith purchases measured in thousands of tons of all

fertilizer purchased in nutrient rveight.

Based on the deflated fertilizer price index and grain price index as specified

in 3.2, the lertilizer/grain price ratio can be calculated by dividing deflated

fertilizer price by deflated grain price. Witlì the help of regression models,

hov,' much of the change in fertilizer use is attributable to change in each of

the explanatorv variables is investigated. At the same time, the Ordinary

Least Squares (OLS) method is used.

Nerlove points out that expected product prices may depend, to a limited

extent, on last year's prices. He proposes that a simple model representing

expected price as a weighted moving average of past prices, rn'here the an-

nual u'eights decline over time. Because fertilizer price is controlled by the

governmeni, in Cliina, it is assumed that the quantity of fertilizer demanded

is based on fertilizer/grain price ratio in the current year t in this studt'.

One short-run demand model is specified including variables for fertil-

izerf grain price ratio) one year lagged farm income and time. The equation

(3.16) is a logarithmic form:

Iog Ft - log a * hlog RA¿ * ö2 log I Nt-t I ó3 log Tt -l IogU (3.16)

ot



rn'lrere br, br,, ó3 are regression coefficients.

SimilarlS', Nerlove's expectation model can be constructed and is shown in

ihe following equation (3.17) at logarithmic forrn:

log Fi - log a * btlog RA¡ -F ô2 log I Nr-t -i- å3log T¿ ¡logU (3.17)

u'here F¿' is the expected fertilizer consumption in the current year.

The adjustment model is derived as it is associated rvith equation (3.17):

where -F¿ is the actual quantitS' of fertilizer consumption in the current year,

4-r is the actual quantity of fe¡tilizer consumption in the previous year, F¿-

is expected level of fertilizer consumption in the current year and B is an

adjustment coefficient which indicates that farners adjust their fertilizer use

when the changes in eflect of fertilizetf grain price ratio, farm income and

tecirnological progress take place. Tire basic idea of this equation is that this

year's actual ferl,ilizer use (I¿) will diffe¡ from last year's use (.Q-r) by an

amount of B times the difference between the expected consumption in the

current year and the actual consumption in the previous year. Substituting

equa.tion (3.17) for Fi into (3.18) results in equation (3.19):

log Ft - log 4-t : B(log Fi - log 4-r)

log4 : B(log a * btlog RA¿* öz log I Nrt * å31o9?r)

+(1 -B)logF',-r*BlogU

bö

(3.18)

(3.le)



rvhere Bb; is the short-run elasticit.v for a particular variable, and b; is the

long-run elasticity for corresponding variable. The long-run elasticitv can be

found by dividing the least-square coefficienís Bb; by the adjustment coef-

ficient B. If B is small (À is large), the long-run elasticity is mucir greater

than the short-run elasticity. A large value of B means that most of tlie

adjustment is made in the first period and the long-run elasticit¡' for a par-

ticular variable is only slightly iarger than the short-run elasticity {or the

same variable. In this model 7 - B is computed as a regression coefficient

for the variable F¿-r.

Witlì knowledge that 1 - B - À, the adjustment coefficient can be com-

puted as B : 1 - À. From equation (3.19) it is apparent that u'hen B is zero,

adjustments are never made and the demand for fertilizer in the current year

is equal to that of the previous year. If B equals 1, all adjustments are made

in the current year and current demand for fertiiizer is not directly linked to

the value of demand for fertilizer in tire previous year.

The main difference between equation (3.16) and (3.19) is that a lagged

variabie for {ertilizer consumption is added.

&.4 Hypotheses and Assurnptions

To estimate demand functions for fertilizers) ser¡eral hypotheses and assum.p-

tions are needed to be set up in this analysis. Following are these h¡'potheses
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and assumDtrons:

1. Changes in chemical fertilizer price cause the changes in demand. In-

creases in fertilizer price result in decreases in demand for fertilizer or other-

wise.

2. Changes in demand for fertilizers are responsive to changes in totai

farm income. The grou'th of demand for fertilizers can be partly explained

by the increases in farmers' income.

3. Changes in demand for {ertilizers are also responsive to ch.anges in grain

price. These two items move simultaneously to the same direction.

4. Changes in technical progress cause the increase in demand for fertilizer.

Therefore, increases in farmers' knowledge and their managerial skilis can

lead to increases in fertilizer consumption.

Tl-rese hypotheses are empirically testable and are establislied under the

following assumptions :

1. Demand functions for fertilizers are Cobb-Douglas type. Tiris indica.tes

that the demand functions are log-linear.

2. Tire returns from chemical fe¡tilizer use are constant.

3. The application of organic fertilizers may affect the demand for chemical

fertilizers.

4. Funds available for purchase of fertiiizer do not limit such purchase.

,^,U



3.5 Data and Exogenous Variables

Data used in tiris study are mostly from SSB sources for the years 1952

through 1986. Since time series data are availabie only on a national basis

it is impossible to estimate the regional or provincial dernand functions for

fe¡tilizers. Fortunately, Soil lnstitute, the Chinese Academy of Agricultural

Science reieased the data of both production and application of chemical

feriilizers from 1952 to 1986 r¡'hile SSB onl-v offered severaL years' application

data befo¡e 1978. However, data in this stud5' are more accu¡ate compared

u'ith those of others because those authors had to estimate their orn'n data.

rn'hen the¡e u'ere no available official statistical information. As a result, an

attempt is made to eliminate the uncertainties of data series surrounding the

previous studies of demand for fertilizer in China.

One of the greatest increases in farm input demand since 1949 has been

for chemical fertilizer. From 1952 to 1986, total inputs of chemical fertilzer

increased by 248 times a. Hence, chemical fertilizers have made a great con-

tribution to maitain an expected rate of increase in crop yield and output

to cope with increased demand for food from an ever-increasing population.

Irr o¡der to analyze the demand functions for fertilizer, several factors which

affect the demand for fertilizer use need to be discussed in detaii. The main

factors have been the favorable price of fertilizer, the favorable fertilizer/grain

price ratio, the fertilizerf raw material price ratio, increased knowledge and

aCalculated from data in Table 2.6.
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improved production skills of farmers, increased productivity of fertilizer in-

dustry, the use of organic fertilizers, the efficient use of chemical fertilizer and

a favorabLe income position of farmers while population and land limitation

are exciuded.

The rea^l or effective price of fertilizer has been lowered througir several

developments in the last three and a half decades. One of such developrnents

has been research by many state-run institutes and universities on the neu'

technology of fertilizer production. For instance, a new process for producing

ammonium bicarbonate containing 17.5 percent nitrogen u-as developed by

Hou Tepang in 1962, u'hich improved the efficiency of small-scale nitrogen

fertillizer plants and resuited in liigh production capacity. At the same time,

many modern large-scale fertilizer plants have been constructed in different

regions. As a result, the productivity of fertilizer industry has been rising

rvhile the production costs have been reducing. In addition, the government

tightly controls the price of fertilizer for eliminating price fluctuations. In

a direct ecouomic sense) farme¡s gain the benefits from the use of chemical

fertilizers even though a more rapid decline in marginal response rate occurs

in high-yield areas 5. Along u'ith these developments, the fertilizer industr¡r

has expanded in competition. Many smali-scale fe¡tilizer plants have been

closed or merged rvith others because oI the inefficient use of raw materials,

tire high production cost and the high price. The grorvth in competition

sFarmers still benefit f¡om the use of chemical fertilizers because the achievements can

cover the costs.
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under the central planning system has played an important role in loq'ering

the price of fertiiizer.

Table 3.1 shows the fertilizer/grain price ratio in the period of 1952-86.

The ratio declined from 2.67 in 1952 to 0.82 in 1986. It should also be

noticed that, in addition to the Great Leap Forward period, the application

of fertilizers continued to increase e\ren when the fertilizer/grain price ratio

Table 3.1: Fertilizerf grain Price Ratio,1952-1986

Yea¡
t952
1953

1954

lvð,)
1956

1957

r958
1 060

1960

Ratio
2.67
2.32
2.7r
2.r7
Ð'1 I
L.Lr)

10R

7.79

1.65

i.59

Year
i961
r962
1963

i964
1965
10Ârî

1967

1968

1969

Note: calculated from data in China's Statistical Yearbook.
Sources: China's Statistical Yearbook 1985-1987.

Ratio
L.27

L.26

1.18

t.ub
1.05

1.02

0.94
0.95
0.95

Year

began to level out or increase in several periods from 1952 to 1986. This

phenomenon can be explained in this way: not only the fertilizer /gra.in

price ratio but other factors determine the fertilizer consumption levels. If

only this ratio determines the fertilizer inputs with or without a dist¡ibuted

Iag, farmers would adjust their fertilizer inputs according to the fluctuations

of this ratio. Moreover, the favorable fertilizer/grain price ratio tended to

73

1970

1971

r972
1973

1974
1975

1976

r977
1978

Ratio
0.95
0.88
0.87
0.87
0.90
0.88
0.92
0.87
0.88

Year
1979

1980

1981

1982

1983

1984

i985
1986

Ratio
0.71

u. o0

u.o¿t

0.66
0.66
0.90
0.89
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encouraqe farmers to increase tireir fertilizer inputs.

Unfortunately, there is no available information about the fertilizerf raw

material price ratio in fertilizer industry. In order to maintain a desired rate

of this ratio, the government may either adjust the rate by changing rav/

material price or subsidize the fertilizer plants under the central planning

system.

I" is likely, however. that the demand for fertiiizers can be determined by

total farm incomes from crops and livestock. In comparatively developed

areas, farmers tend to purchase more chemical fertilizers 6 because fertilizer

has been tire major reason for increases in ¡rield. It can be observed from

Table 3.2 that farm income increased from 28.7 to 262.6 billion yuan in 1952-

86 period. During the period of 1958-60, farm income declined from 36.7 to

32.4 billion yuan (t952 price) due to the failure of tlie agricultural policy and

natural disasters. Then, it showed a tendency to increase continuously.

Technological change has affected the demand for fertilizer in China since

1952. Because of the pioneering work of Schultz, the irnportance of education

in productivit)' grou'th is by now fairly well recognized 7. Increase in stock

of human capital due to schooling will cause an increase in technological

knorviedge of farr¡ers and the improvement of managerial skills of operators.

6The quantities of chemical fertilize¡ use in several comparatively rich provinces is high:
the annu¿l consumption of fertilizer is 1.81 million tons in Shandong, 1.49 million tons in
Jiangsu, more than 1 miliion tons in Sichuan, Henan, Hunan, Guangdong and Hebei.

TGian S. Sahota, Fertilizer in Economic Development (New York: Frederick A. Praeger

Publishers, 196S) p. i65.
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Year

Table 3.2: Farm Income in China. 1952-86

Income
(biliion
yuan)

1e52 | 28.7

1953 I 30.9

1e54 | 33.3

1e55 I 36.4
1e56 I 3e.1

1e57 i 3e.e

1958 | 40.3

1e5e | 36.7
1960 | 32.4

Year Income
(billion
yuan)

i961
1962

t-voó

1964
1965

1966

1967

1968
1 qßo

Note: per capita. farm income data is from C.A. Carter and F.N. Zhong,
China's Grain Production and Trade (Colorado: Westview Press, 1988) p.

90. These figures are multiplied by the numbers of rural population to get
total farm income.
Source: China's Statistical Yearbook 1985-1987.

Moreover, technological change is in part the result of processing innovations

and other internal improvements in chemical fertiiizer industry. As more

research work is conducted by state-run institutes and universities, mineral

deposits are explored and neu' methods in production are applied. The more

soil information is gathered from field tests and the more efficient methods

of fertilizer use are expanded, the greater use of fertilizer is expected in

those low-yield areas. In addition, improved seed varieties, better irrigation

systems and other neu' practices also tend to increase the use of fertilizer.

Unfortunately, it is very hard to isolate quantitatively the effect, eitirer di¡ect

Year

2e.3 I 1e70

32.3 I 1e71

46.6 | reiz
54.2 | roze
63.8 | rei4
66.0 | 1e75

68.1 11976t-^--/u.Ð | rv({
72.9 I 1978

Income
(biliion
1'uan)

Year

75.5 | 1e7e

78.0 i rsao
80.2 I 1e81

82.4 | 1e82

84 4 | 1983

86.0 | rssa
87.5 | roAs
e6.6 | 1e86

i05.6 | 1987

Income
(billion
'y u4rr 

,,

i26.6
r52.2
l- I ¡t.Ð

2T7.I
242.8

250.4

263.6
262.6

tü



or indirect, of each factor. Thus, it is necessary to use a time variable to

express those effects (Heady, 1963).

The appiication of organic fertilizers is important for both crop production

and soii fertility. According to a field test, 'r'r'irich was conducted by the

Zheijiang Academ5' of Agricultural Science, the loss of nitrogen increased

from 15.2 to 20 percent when the proportion of organic matter applied in

the field was reduced from 60 to 20 percen" under the same condition of

trea.tment 8. However, the use of organic fertilizers is one of the best ways

to complement soil nutrients. Until present, organic fertilizers suppl¡' most

of potash nutrient that crops need e. Moreover, organic fertilizer also adds

to the humus content of the soil, rvhich, in turn, improves the soil's physical

and chemical properties. Other benefits from the use of organic fertilizers are

improvements in aeration, percolation, absorption, buffering capacities and

desirable soil microbiological effects 10.

8Op.cit., MCI, p. 23.
" I brd.

10Op.cit., Sun, p. 113.
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Chapter 4

An Evaluation and
Interpretation of the Ernpirical
Results for the National
Ðemand Functions for
Fertilizer

This chapter provides and evaluates the empirical results for the demand

functions of total chemical fertilizer in China. All the empirical results de-

rived b1' tire ordinary least squares (OLS) for both short-run and long-run

models are presented in Table 4.1. Following this, tire analysis of the future

demand for fertilizer is presented.
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4.! Evaluation of the Results
1\4odels

The estimated results of a short-run model for the

for the time period 1952-86 are presented in equation

from previous equation (3.16):

logF, - -2.49 - 0.77-" Iog RA¡ + 1.05-- log //t¡¿_1 + 0.96-- IogT¿ (4 1)

The mean regression coefficient (elasticity) for fertiiizer/grain price ratio

(RA) rvas -0.77 in equation (4.1). This coefficient indicates that a 10 percent

decrease in fertilizer/grain price ratio, ceteris paribus, the quantity of fertil-

izer demand is predicted to increase about 7.7 percent. The mean regression

coefficient (elasticity) for lagged farm income (iN) is 1.05, which means that

a 10 percent increase in farm income will result in an increase of fe¡tilizer

consumption bv 10.5 percent. Both of these two coefficients are statisticall¡'

significant at the 1 percent level. Also, the mean coefficient (elasticity) for

time (T) in equation (a.1) is significant at the 1 percent significance level.

This elasticitl' ¡n¿¡"rtes that there has been a significantly upward shift of

the demand function for chemical fertilizer during the period analyzed.

The coefficient of determination -R2 is 0.99, suggesting that gg percent

of the variation in the fertilizer use is explained by these three va¡iables.

At the same time, the computed F-r'alue is 915.6, which is much greater
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than the critical value and indicates that this short-run model is staiistically

acceptable.

According to the regression results repîesented in equation (4.1), all coeffi-

cients (elasticities) ha.r'e signs consistent with irypotheses. Ai the same time,

the t-test is performed to determine lvhether the estimated coefficients are

statisticaliy significant i.

The higher simple correlation coefficient betr¡'een each pair of independent

variables indicates the problem of multicollinearity. In this anaiysis, the cor-

relation coefficient between technological progress and farm income is 0.89,

indicating that there has been a significant upward shift of both farm income

and technoiogy in the period analyzed. This higher correlation rvould prob-

ably provide a better forecasting performance if past and current tendencies

of farm income and technology contiune.

Glejser's method is used in this estimate to test heteroscedasticity problem.

A new data set is created to regress the residuls on the explanatory variables

used in the original model. The test result indicates that those coefrcients

are not found signifrcanti1' different fron zero, predicting that there is no

heteroscedasticity in this short-¡un model.

It should be noticed that Durbin-Watson test valuein this estimateis 1.63,

indicating that the null hypothesis is accepted and there is no autocorrelation

because o1 du 1 d: < (4 - du).

llevels of significance: {' = 5 percent and +{' = 1 percent.
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In China farmers make tireir fertilizer purchase decisions according not

onll' 1e tlie fertilizer price, but also to the aggregate rates of response of

grain output to inc¡emental applications of various fertilizers. For instance,

in 1986 fertilizer price u'as 0.33 yuan per kiiogram wirile grain price was 0.25

yuan per kilogram 2. If the rate of response ol grain output to the use of

fertilizer is mo¡e than 1.32, there is no doubt tirat farmers can obtain profits

f¡om the use of fertilizers. At present, the rate of response of grain outpuf

exceeds tiris level 3. As a result, the feriilizer/grain price ratio determines

the profitability of fertilizer use. However, it is proved that more accurate

estimated coefficients can be obtained when fertilizer/grain price ratio sub-

stitutes for separate ferlilizer and grain price variables a. There are several

reasons that this ratio is chosen as an independent variable. Firstly, the

prices of both fertilizer and grain have been tightll'controlled by the govern-

ment. Consequently, the large fluctuation of prices has been avoided. It must

also be noted that the price of fertilizer has fallen and tire price of grain has

risen in tlie iast three and a half decades. Secondl5', almost all fertilizer has

been allocated b¡'government for the urban food procurement 5. Therefore,

2Fertilize¡ price rvas deflai,ed by the general agricuìtural input price index u'hiie grain
price was deflated b-'- the general wholesale price index in the same year base when 1952

was chosen as base year. Then, the fertilizerf grain price ratio was calculated. All these

figures are from China's Statistical Yearbook.
3Several soil test resuìts proved this conclusion.
aThe estimated coefficient for fe¡tilizer price is not statistically significant at the 5

percent significance level if fe¡tilizer price is involved in a regression model with other
independent variabìes such as farm income, technologicaì progresses and grain price.

sOp.cit., Stone, p. 462.
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fa¡mers have to purch.ase what they can purchase from state agencies because

it is hard to bu-v fertilizer in the free markets with fluctuating prices based

on dernand and suoply. Thirdly, the rates of response of grain output to

incremental applications of fertilizers have rernained profitable 6 for farmers

throughout this 35-year period.

A short-run model involving one more variable, namely, organic fertilizer,

is derived by the use of least-squares method.

tGÞ, : -4.47 - 0.67-- log RA¿ + 0.98-- Iog 1.À/¿-1

+0.93'- log ?' + 0.33log O F1

,R2 : 0.99 anð DW : 1.57

where .R2 is 0.99, indicating that these four variables can explain about

99 percent of the total variation of tire fertilizer consumption. The signs of

these regression coefficients are exactly as expected. Tirree coefficients are

significant at tire 0.99 probability level (ö1, ö2 and å3). In this equation (4.2).

the coefficient for organic fertilizer is 0.33, suggesting that a proportional

increase in tlie use of organic lertlizer will cause an increase in fertilzer con-

sumption. But this coefficient is not statistically significant, predicting that
oStone suggested that the incremental production of grain was consistant with the

absorption or application of a combination of nitrogen, phosphorus and potassium. He
believed that the rate of yield response to application of fertilize¡ is approximately con-
stant when the amounts of othe¡ inputs to the production process are as large in relation
to increased fertilizer supply as in the past. For more detail, see Anthony M. Tang and
Bruce Stone, Food P¡oduction in the People's Republic of China (Washington: Interna-
tional Food Policy Research Insiitute, 1980).
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the effect of the use of orgauic fertilizer in respect to chemical fertilizer con-

sumption is not significant. Moreover, it can be observed from equation (4.2)

that the coefficient for fertilizer/grain price ratio is -0.67, indicating that a 10

percent decrease in price ratio, other tirings remaining constant. rvill result in

a 6.7 percent increase in fertilizer consumption. Similarly, the effect of farm

income in the previous year on the fertilizer purchase in the current year is

still significantly high: a 10 percent increase in farm incorne is predicted io

increase fertilizer consumption by 9.8 percent. Also, the coefficient for the

time variable is 0.93, suggesting that fertilizer consumption rvill shift with

time. As more information about farm soil nutrient content is gathered, effi-

cient use of different fertilizers is carried out and technical improvements in

both fertilizer and crop production are achieved. Consequently, the fe¡tilizer

consumption shifts upward with time. Fu¡thermore, the results of this estj-

mate prove all hypotheses and indicate that there is no autocorrela,tion and

heteroscedasticitS' in this equation.

4.2 Evaluation of the Results of Long-run
Models

This section includes several long-run models in the sense that they have

a lagged variable for fertilizer consumption over the period 1952-86 7. It
t@el of the demand for fertilizer should be:

log .F'r - log Fr-r - B(log F ' - loe ,Fr)
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is assumed that farmers rvould adjust their consumption levels of fertilizer

according to tire changes in feriilizer/grain price ratio, farm income and time,

et c.

Equation (4.3) inciudes four exogenous variabies: the fertilizer/grain price

ratio, one vear lagged farm income, time and fertilizer consumption in tire

previous year.

logF, : -2.38 - 0.75- log RA¡ + 1.01-- log .IN¿-1

+0.92-- IogT¿ + 0.03log Fr-t

'*'lrete 8:0.97 h: -0.77 bz:1.04 bg:0.98 -R2 :0.99 D\Ã":1.65

It can be seen f¡om the results of equation (4.3), all coefficientsin this esti-

mate have signs consistent witir hypotheses. At the same time, the çoefrcient

for the fertilizer/grain price ratio is statisticaily significant and the value of

it is -0.75, predicting tha.t 10 percent decrease in this ratio rvill result in a 7.5

percent increase in fe¡tilizer consumption. The estimated elasticity of lagged

{ertiiizer consumption sliould not be taken too seriouslv because t-test results

indicate that it is not significant at the 5 percent significance level, suggesting

the null hypothesis äo shouid be accepted (this coefficient is essentially equal

to zero) and the fertilizer consumption by Chinese farmers in the previous

-h*" r'j. ".tl-l .*t-*tptt. vel of fertilizer; B is an adjustment coefficient; F¿' is
expected consumption level of fertilizer; F¿-r is the actual consumption in the previous
year. For more detail, see Ma¡tin H. Yeh, "Demand Functions for Fertilizer in Canada,"
Canadian Journal of Agricultural Economics, Vol. 8, no. 2, p. 55.
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year does not significantl5' affect fertilizer consumpton in the current vear.

In addition, the elasticitS'for farm income is 1.01 and is significant at the 1

percent significance level, which indicates that 10 percent increase in farm

income rvill cause a 10.1 percent increase in feriilizer consumption. IVloreover,

the elasticity for time is 0.92 and is statistically significant, suggesting that

the use of fertilizer has increased with time, and that a 10 percent increase

in time is predicted to increase fertilizer consumption by 9.2 percent.

The adjustment coefficient B is 0.97 in this equation, suggesting that 97

percent of fertilizer consumption in China is adjusted in a period of time in

respect to a change in the fertiiizer/grain price ratio, farm income and techno-

logical progress. The value of B approaches one, u'hich predicts that farmers

adjust their fertiiizer consumption level right after the changes in these ma-

jor variables. On an aggregate basis, farmers undoubtedlJ' need knowledge

of changes in the market. A few with proper knowledge and favo¡able ex-

pectations react immediately to purchase as much as the¡' can when they

knou'that fertilizerf grarn price ratio will reduce. The process speeds up as

otirer fa¡mers follou'. Under this situation, lagged fa¡m income may not be

as irnportant as it shouid be because farmers can borrow money from banks

to finance tlieir purchases. On tire other hand, tire demand for and supply

of chemical fertiiize¡ rr. ul*oy. unba.lanced in China. \Ä¡hen the majority of

farmers have decided to purchase fertilizer, the remaining farmers must re-

act quickly, otherwise, they can buy nothing. If fertilizer f grain price ratio is
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unfavorable for farmers, the¡' adjust their current fertilizer consumption im-

mediately because they may no longer benefit from applying fertilizer. Unlike

those farmers in deveioped countries, u'ho can use only a small amount of a

certain input in a first period, and sligirtly nrore in a second period, Chinese

fa¡mers have to respond to the changes in prices of input quickiy. There-

fore, almost all of fertilizer used is adjusted in the current year. As a result,

Iong-run elastisitl'for each variable is onll' 3 percent greater than short-run

elasticity. The elasticity for the fertilizer/grain price ratio is -0.77, indicating

that 10 percent decrease in the ratio will cause a 7.7 increase in fertilizer

consumption. Sirnilarl5', a 10 percent cì.range in farm income is predicted to

increase fertilizer consumption b1' 10.4 percent and a 10 percent change in

time will resuit in an increase of fertiiizer consumption b¡' 9.8 percent.

The F-test is performed at the 5 percent level of significance. Because

the computed F-value (667.6) is much greater than the c¡itical F-ratio, the

model is statisticall-v acceptable.

Ã2 is 0.99, suggesting that these four independent variables can explain

about 99 percent of the total variation of the {ertilizer consumption in China.

These variables which seem theoreticall¡' and practically reasonable in ex-

plaining demand for fertilizer are highly correlated. As a result, it is difficult

to isolate their separative efect. For instance, the value of correlation coeffi-

cient between lagged fertiiizer consumption and time is 0.97, which indicates

that the two are highly correlated since fertilizer purchases displayed strong
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upward trend over most of the period 1952-86. Eveu though there is corre-

lation between these two variables, it is clear that lagged fertiiizer use is not

a stronger variable than time because the regression coefficient for time is

still significant at the 1 percent significance level and the value of this coefr-

cient does not change significantly compared rvitir the same vaLue in equation

(4 1). Moreovet, no heteroscedasticit5' is found by using the Goidfeld test.

The Durbin-\Ã,-atson test result suggests that there is no autocorrelation at

the 5 percent significance in this modei.

A iong-run model involving one more variable, organic fertilizer, is repre-

sented by regression equation ( .a). It covers the period 1952-86 for cliemical

fertilizer in China.

8:0.93 br: -0.67 tz:0.98 ö¡:0.92 bs:0.37 and -R2:0.99 DW:1.60

Compared u'ith equation (4.2), the value of ,R2 is almost the same. Iu this

distributed lag model, organic fertiiizer does not have a statistically signifi-

cant regression coefficient but has expected sign. With the lagged fertilize¡

consumption, the coefficients fo¡ farm income and time are significant at the

1 percent significance levei whiìe coefficient for fertilizer/grain price ratio is

significant at the 5 percent significance level. A 10 percent increase in farm

income and time is predicted to increase fertilizer consumption by 9.1 and

8.6 percent, respectively, rvhile a 10 percent decrease in the price ratio is
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predicted to increase fertilizer consumption by 6.2 percent. The adjustment

coefficient is 0.93 in equation (a. ). It is assumed in this study that in a

long enougir time period farmers can adjust their input decisions, and ap-

proxirnately 93 percent of fertilizer consumption must be adjusted in this

period because o{ changes in the fertilizer/grain price ratio, farm income,

the use of organic fertilizers and the technical knov'ledge of farmers. It can

be observed that farmers adjust their fertilizer consumption slightly slorver

u'hen organic fertilizers are available. Siniiarly, the elasticities for the price

ratio is -0.67, indicating that a 10 percent decrease in this item is predicted

lo increase fertilizer consumption b5' 6.7. The result also indicates that a

10 percent increase in farm income will increase fertiiizer consumption by

9.8 percent. The elasticity of time in response to the fertilizer consumption

is 0.86, predicting that a 10 percent increase in time will cause an increase

in fertilizer consumption by 8.6 percent. It also can be observed that the

elasticity for organic fe¡tilizer is 0.37, suggesting i,hat fertilizer consumption

u'ill increase 3.7 percent in response to each 10 percent cirange in the use of

organic fertilizers.

From the estimated result of equation (4.2) and (4.4), it can be seen that

organic fertilizer does not have a statistically significant regression coefficient,

with or without a lagged fertilize¡ consumption variable. Equation (4.3),

u'ith a lagged fertilize¡ consumption variable, suggests that farmers adjust

their fertilizer consumption based on the fertilizer/grain price ratio in the
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current year but not based on fertilizer consumpiion in the pervious year.

Furthermore, the laugged farm income evidently is a stronger variable than

the fertilizer/grain price ratio and time beca,use it has the highest coefficient

rralue.

Table 4.1 summarizes the estimated results of the short-run and long-run

models; at the same time, it includes other specifications of the Chinese

demand function for fertilizer over tire period 1952-86. The first two models

are short-run in the sense that they do not have a lagged variabie for fertilizer

consumption and the following two equations are long-run models because

they include a lagged variable for fertilizer use. The results of these four

models have been exhibited in the above two sections.

Four more equations are added to ensure that there is no important vari-

able missing. Two of them (4.5 and 4.6) are short-run rnodels and the others

are iong-run models. Land (the total solvn hectares) is added to the equa,-

tion (4.5) because it is assumed that fertilizer consumption u'ill increase in

response to the increase in the total sown area. Unfortunatell', the sign of

coefficient for land is unexpected. At the same time, the coefficient for land is

not statistically significant at the 5 percent significance level, which indicates

that land is not an important variable in the slto¡t-run model. it should be

noticed that th¡ee coefficients for fertilizer/grain price ratio, lagged income

and time are still statistically significant as land is added in the equation.

When organic fe¡tilizer is dropped from equation as a variable, the sign of
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Table 4.1: Statistical Results and Testins in Demand Functions for Chemical
Fertilizer in China, 1952-86

Equations
+.-t

Á,

LogC*
-2.49

(-6.2e)

a.o

-4.77
(-1.85)

LogRA

+.+

-v.t I

(-3 1)

-2.38
(-2.3e)

4.5

-u.o /
(-2.5)

LogIN

-{.óJ

(-r.72)

1.U,)
(1) 9\

4t. o

-0.75
(-2.4)

-4.r7
(-0.74)

I.noT

0.98
(8.55)

4.7

-0.62
(-1.8)

0.96
(7 3)

-3.16

(-o 5e)

1.01
(3.15)

4.8

LogOF

-0.67

(-2 4)

0.93
(6.ee)

_t aR

(-0.51)

Note: LogC* is equal to log of constant and LogLA is equal to log of land.
Values in parentheses are t-ratios.

nol
(2.62)

^ 
È7n-u., ¡

(-3 1)

0.92

t z.Dy,

-3.69

(-0.63 )

0.98
(8.26)

0.33
(0.83 )

LogLA

-u.tÐ

\-¿.ó )

0.86
(2.5)

1.05

(12.0)

-0.61

(-1.7)

0.94
(6.86)

LogF

0.35
(0.84)

1n9
(3-0)

0.95
('7 1 /l\
\ | . rT,/

0.89
(2.47)

0.33
(o.st)

D\/

0.92
(2 64)

1.63

0.03

(0 12)

R2

0.85
(2.36)

-0.04
(-o.oi)

L.57

0.99

0.07
(0.24)

0.07
(0.13 )

1.65

0.99

0.36
(0 8)

0.06
(0 1i)

1.60

0.99

r.Ð I

-0.07
(-0.1)

oqq

0.03
(0.1)

1.63

0.99

0.08
(0.26)

L.o+

0.99

89

1.61

0.99
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coefficient for iand changes to what it sirouid be. But this coefficient is stiil

not statistically significant in equation (a.6). It can be observed that, there

is no big difrerence if coefficients in equation (4.6) are compared with corre-

sponding coeficients in equation (4.1) except for a slight change in constant

te¡m. This result suggests again tirat the total sou'n area in China does not

influence the fertilizer purchase decisions made bJ' farmers in the shorl, run

because it has largely remained the same throughout the last three and a

half decades.

The fertilizer consumption response to land is dealt with the distributed lag

models (4.7 and 4.8). The coefficient for land is not statistically significant

again even though the sign of it is expected in equation (47). Simiiarly, the

sign of coefficient for iand is unexpected u'hen organic fertilizer as a variable is

in the equation. Furthermore, the coefficient for land is also not statistically

significant in equation (4.8).

Theoretica.lly, it is certainl¡' possible that fertilizer consumption ma5'have

been aflected by the total soÌr:n area in China and the application of organic

fertilizer in some ways. But it is impossible to isolate the possible impact

of these two factors from the impact of the others because the regression

coefrcients are not statistically significant in both short-run and long-run

models.
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4.3 Forecast of the Dernand for Fertilizer

One of the main goals of applied econometric research is to use the estimated

modei in order to forecast the value of the dependent variable given the values

of the explanatory variables 8. In this study, forecasting the future demand

for fertiiizer in China is necessary because the results of forecast influence the

nation's investment decisions. the agricultural policy associated with fertilizer

price and grain price, etc.

Two approaches are used to forecast the future demand for fertilizer. One is

to set up an econometric model, to estimate its parameters from the available

data, and then to use this model to predict future quantities of fertilizer

demanded. An alternative approach is to use time series data of {ertilizer

used to forecast its future values.

Fo¡ecasting witir an econonetric model is a complicated process. In this

study, a single-equation model is used to predict the future dernand for fer-

tilizer. Moreover, it is assumed that the relationship betrveen dependent

variable, namely, fertilizer consumption and independent variables, namel5',

{ertilizer/grain price ratio, iagged farm income and time will not change in

the forecast period as it was during the sample period, u'hich means that the

estimated parameters will be the same throughout the period of 1952-2000.

First of all, the values of the three explanatory variables are estimated

according to the assumption that fertilizer/grain price ratio, farm income and

ò,{. Koutsyiannis, Theory of Econometrics (Macmillan Education Ltd, i986) p. 479.
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technological progresses 'n'ill either decrease or increase as time shifts. For

instance, the fertilizer/grain price ratio shifts downward with time. This shift

is expected because the government announced that the price of grain would

be increa,sed in 1989 for encouraging farmers to sell more grain. Furthermore,

the market has played an important role in China since 1978, rvirich means

that farmers can get higher grain prices after they submit quotas a.ccording

to the contract with the state. At the same time, more competition will take

place in chemical fertilizer industry through increased production capacitl',

utilization ¡ates and decreased per unit energv use. Therefore, the price

of fertilize¡ will maintain comparativelSr 51*61". \Äthen values of these th¡ee

variables are predicted, and the estimates, all bs, are given, an estimate of

the value of the dependent variable can be obtained by substituting for these

values in the estimated equation.

The forecasting performance of the econometric model should be judged

on the basis o{ the differences between predictions and realisations. The

smaller the differences between predictions and actual quantities of fertilizer

used, the better the forecasting performance of the model. Because actuai

quantities of fertilizer used after 1986 are mostly unknown, the forecasting

result is compared with MCI's previous prediction. The model of this study

predicted that demand for fertilizer would be 19.73 miilion tons in 1987,

21.26 million tons in 1988, and 27.08 million tons in 1990. By comparsion,

N{CI estimated that totai demand fo¡ fertilizer r,r'ould be 23.35 million tons
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in 1990s. It is possible tha,t the first two predictions are not significantly

different from actual values of fertilizer used. According to average increase

rate of fertilizer use from 1952 to 1986, the prediction of future demand for

fertilizer in 1990 is overstated.

The difference between the actual and the forecast quantities of fertilizer

use may be due to this reason: the relationship between farm income and

time is nonlinear, indicating that future farrn income should not increase in

the same proportion as it was during the period of 1952-86. Therefore, the

estimate nethod of farm income must be adjusted. As a result, a, function

is applied in the estimation of future farm income as shou'n:

n'lrete T is time variable (T : I,2,3,....n) and A is a constant term.

For the purpose of simplicit¡'of the estimation, the function can be rvritten

T) - T , /^rr\ tmB,
-r &TTntncoTnellv I ) -- Al

and future farm income can be estirnated when

in this model:

logl/ú:logA+BllogT

log I/f = 3.54 + 0.661o9 7

(15 8) (8.26)

eOp.cit., MCI, p. 22.

(4-e)

the orieinal data are used

(4 10)
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Table 4.2: Future Demand for Fertilizer. 1989-2000

i989
1990

1991

1992

1993

1994

Forecasting ! Interval
10,000 tons) | (U95-L95)

1687.0

1839.4

i994.6
Ð1<9 ô
L L¿¿.\I

2315.4

Source: Calculated based on estimated models.

tt'he¡e values in parentheses are t-ratios.

L276.4-1942.3
1316.6-2163.0
1421.3-2380.6
1531.9-2597.2

1646.9-2815.1
1765.9-3035.8

The future demand for fertilizer should be predicted in this rvay: first,

the values of future farm income are estimated based on the equation (4.11).

Second, the predicted values of tlro variables are obtained from other two

equations assuming they shift with time. Finally, substituting for the pre-

dicted value of these explanatory variables into equation (4.1) yields future

fe¡tilizer consumption.

Table 4.2 provides the predicted future demand for fertilizer in the period

of 1989-2000. For forecasting performance to be acceptable. future demand

for fertilizer should be unbiased forecasts.

The forecasting results of tiris model are not perfect but acceptable. Firstly,

point predictions of future demand for fertilizer before 1991 are less than u'hat

they should be because the application of fertilizer already reached 19.3 mil-

lion ton in 1986. At the same time, confidence interval for point prediction

94

1995

1996

1997

1998
1 000

2000

Forecasting
(10,000 tons)

2481.8
2652.9
2829.3
3011.4

3199.6
3394.5

Interval
ue5-Le5)

1888.9-3260.8
2015.9-3491.3
2747.2-3728.2
2282.8-3972.4
2423.7-4224.9
2568.3-4486.4



predicts the demand for fe¡tilizer rvill be 12.6-19.4 million ton in 1989 and

13.2-2I.6 rnillion ton in 1990. In view of the fact that the application of fer-

tilizer in forecasting period should exceed the 1986 application level, greater

values of confidence interval a e more appropriate in 1989 and 1990 periods.

Secondly', the forecast value of fertilizer consumption in the year 2000 is un-

biased when compared with a former estimate conducted by the Ministr¡'of

Chemical lndustry (MCi), which estimated that fertilizer consumption would

be 33.0 million ton in 2000.

Time series models use only the information from a set of observations

on a single variable. These models have provided fo¡ecasts that are superior

to tlie corresponding predictions from econometric models10. Unfortunately,

this is not the case in this analysis. The forecasting performance of any time-

series model 1I is not acceptable because the differences between predictions

and realisations are far beyond what they should be, even though several

important properties such as stationary,lvhite noise, etc. can be obtained.

Several reasons ma¡' explain the unacceptable forecasting results in this

studv:

¡ time-series models usually need 50 - 100 observations. In this studv,

there are onlv 35 observations:

lt'George G. Judge, el., Introduction to the Theory and Practice of Econometrics (John
Wiìey and Sons, 1982), p. 667.

llThese models incìude autoregressive process (AR), moving ave¡age (MA), ARMA and
ARIMA.
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¡ the annual increase in rate of fertilizer use in the past 35 years is high,

averaging 17.6 percelrt. Thus the time-series model may not be superior

in predicting the future demand for fertilizer in these circumstances.

In this chapter the empirical results for the national dem¿nd functions for

fertilizer have been analyzed and two approaches have been used. to predict

the future demand for fertilizer. Next chapter will summarize this analysis

and offer some useful suggestions.
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Chapter 5

Surnrrlarv and Conclusion

5.1 Surrrrnary of the Study

Although China has a large land base, the country's arable land is quite

Iimited. OnlS' about 10-20 million hectares would be regarded as high quality

land for farming compared rvith other agriculturallv powerful countries 1. At

present. there is no large land reclamation project being carried out by the

central government. In order to maintain an expected rate of increase in crop

output to cope r,r'ith increased demand from more than 1 billioll people for

food, employment, raw materials and exports, chemical fertilizers have to be

applied in an accelerated rate with related inputs such as organic fertilizer,

improved seed and irrigation systems.

Compared with previous studies of China's fe¡tilizer consumption, this

studS' eliminates the uncertainties because of the lack of official information

as it uses a more complete statistical data set released bv SICAAS recentlv.

1Op.cit., Stone, p. 453.
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IVIoreover, it must be emphasized that no study relating to demand functions

for fertilizer has been done in China. Although the methodology used in this

studl' parallels that in Headl' and Trveeten's stud5', tire empirical resuLts are

totail5' different.

Overall, this study has examined the relationships between demand for

fertilizer in China and several factors such as fertiiizer/grain price ratio, farrn

income, technologicai progresses, etc. with the single-equation models. At

the same time, future demand for fertilizer is predicted. The empirical results

obtained in this study can be summarized as follou's:

1. Numerous alte¡native models can be used in specifving demand struc-

ture for fertilizer. On a statistical basis, all are acceptable because of their

high computed F-values. Among these models, one short-run model ap-

pea s to be the best u'hich contains three explanatorv variabies, namel1,,

lertlhzerf grain price ratio, lagged farm income and time. The'a priori'ex-

pectations of the signs of the three coefficients are fully satisfied. Moreover.

these three coefficients are all statisticall¡' signiflcant at the 1 percent signi{-

icance level. A 10 percent decrease in fertilizer/grain price ratio, the other

two variables being held constant, demand for fe¡tilizer will increase b¡' 7.7

percent. Similarly, a 10 percent increase in farm income in the previous year

and technological progress will increase fertilizer consumption b5' 10 and g.6

percent, respectively. Another noteworthy point is that farm income in the

previous year as a variable is a dominant variable in the model because it
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has the highest value of coefficient among these three coefficients. It predicts

that farmers depend heavily on their income when they make their fertilizer

purchase decisions.

2. The results of the long-run model indicate that the fertilizer application

in tire previous year does not afrect fertilizer appiication in the current year.

This phonomenorì may be explained since the amount of fertilizer supply is

not enough to satisfy the demand in China. Thus, farmers have to purchase

rvhat they can purchase from government agencies. On tlie other irand,

most of sown area in China is seriously deficient in nitrogen. phosphate and

potash, which calls for more fertilizer application. N{oreover, the adjustment

coefficient is 0.97 in this long-run model, suggesting that Chinese farmers u'ill

adjust their fertilizer consumption in respect to the changes in fertilizer f grain

price ratio, farm income and technological progress bJ' about 97 percent in a

long enough time period.

3. Organic fertilizer plays a positive role in fertilizer consumption. Organic

fertilizer improves the qualit5' of tire soi1. Unfortunateì5', the test results

indicate that the efi'ect of organic fertilize¡ on chemical fertilizer use is not

statisticaliy significant over the analyzed period. Simiiarll', the coefficient of

land is not statistically significant, suggesting that the change in total sown

area in China does not affect demand for fertilizer significantly. This can be

explained by the fact that the total sown area in China has largely remained

the same in the past 35 years.
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4. The predicted future demand for fertilizer in the period of 1989-2000 is

acceptable. MCI estimated that demand fo¡ fertilizer would be 33.0 million

tons in 2000 based on the grain target, soil conditions, the organic fertilizer

supply, investment fund, etc. This study estimates that demand for fertilizer

will be 33.94 miilion tons in 2000.

It should be noted that several variables rvhich seem theoreticaily and prac-

tically reasonable in explaining dernand for fertilizer are highly correlated.

As a result, it is very difficult to isoiate their separative effects. Overall,

these simple models are quite adequate short-run estimates.

5.2 knplications and Suggestions

The empirical results shorv that income is the most significant source to affect

the demand for fertilizer. In the near future, fa¡m incorne will continuously

increase as government poiicy encourages farmers to produce more foodgrain,

livestock and other products. As farm income increases, demand for vegeta-

bles, oils, sugar and livestock products inc¡ease sharply in the rural areas.

Farmers are no longer satisfred with increased grain consumption, they tend

to shift consumption to those products which can provide more calories and

mo¡e nutrients. Because the production of these products need more fer-

tiiizer while agricultural reforms aLlou' fa¡mers to make their own decisions,

demand for fertilizer has inc¡eased rapidly. As a result, farm income will

continuously play an important role on fe¡tilizer use in the future.
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The empirical results also support the conclusion that technological progress

can increase the marginal yield response to fertilizer application and demand

for all fe¡tilizers. At present, a '*'ater construction project which diverts wa-

ter from the Yangtze River to northern China is under construction 2. About

6.34 million hectares of land will benefit from this project and potential ab-

sorption of additional fertilizer in this area will increase. At the same time,

high-yield crop varieties such as hybrid rice and corn are continually bred

which makes it possible to plant additional crops in some area where normal

crops often suffer from heavy losses due to unexpected weather conditions. As

the sown areas with neu.' r'arieties expand, fertilizer consumption rvill rapidly

increase because tliese high-yielding varieties require nutrients from the soil

at an accelerated rate. Furthermore, more and more farmers obtain scientific

knowledge of horv to use fertilizer more eff.ciently from short-term training

classes and other channels. To gain from efficient use of fertiiizer, farm-

ers must choose the application timing and difrerent, quantities and different

kinds of fertilizer products to grow crops in diflerent seasons, on different

types of soil and in different regions. Also new technical developments can

reduce nitrogen losses from volatilization and denitrification.

Empirical results indicate that fertilízerf grain price ratio influences de-

nand for fertilizer significantly. It may be a big advantage, within the Chi-

nese system of cent¡al planning, that fertilizer price can not widely flactuate

2Ibid., p. 483.
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u'hen demand for and supply of fertilizer are unbalanced. There is no doubt

that the government will step in to adjust fertilizer/grain price ratio when it

tends to reach a certain }evel u'hich reduces farmers' incentives to produce

grain. In the near future, the fertilizer/grain price ratio u'ill rernain stable.

Having learned from past experiences, the government should recognize the

role of price because lou'grain price and iightly controlled grain sales reduced

farmers incentives to increase grain production before 1978.

To fuily satisfy the demand for fertilizer in the 1990s, the government

has to increase its investment in the fertilizer industry. MCI estimated that

total investment of 64.4 billion yuan should be collected before the vear of

2000 to produce 33.0 miliion tons of fertilizer 3. \Vithout doubt, it is almost

impossible for China, even under the system of central planning, to collect

and a^llocate this huge amount of capital in the chemical fertilizer industry.

Therefore, the government must encourage large public investment in rural

areas by using more flexible policies. As a result, investors must benefit from

their investment when fertiiize¡ plants in different scales are compieted.

The efficiency of fertilizer use must be emphasized. In some regions, there

is considerable potential to increase the returns from nitrogen fertiiizer by

the proper use of phosphate and potasir when these two elements become

constraint factors. Moreover, agricultural research institutes and universities

should tell farmers about their soil conditions based on the soil test results.
3Op.cit., MIC, p. 28.
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Furthermore, it may be a good point that more fertilizer should de allocated

to lorr and medium quality land to gain increasing returns. Also more ef-

forts must be made to ¡educe nitrogen losses from volatilization and poor

packaging.

Although the supply of organic fertilizer is constrained by the natural

grorvth limits of the generating sources, there is still room to increase organic

fertilizer application in the future, e.g.1 srlpporting alternative rural energ5'

schemes by building more biogas digesters in southern China and distributing

low quality coal in northern China in order to ailow more crop residues to

be used as organic fertiiizer. The government should encourage farmers to

collect more organic fertilizei to improve their land. The recent trend of

decreasing use of organic fertilizer should be discouraged because organic

fertilizer still makes up the bulk of total nutrient supply for crops in China.
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,A.ppendix A

Chernical Fert ilizer Industrv
since 1949

In 1840, Mr. John Lawes began his experiments rvith nerv method to make

chemical fertilize¡ at the Rothamsted Experiment Station in Bngland. He

tested a ne\l¡ process for making superphosphate with mineral phosphates

instead of animal bones. Before 1840, animal bones were t¡eated with suifuric

acid to produce phosphate. Two years later, he patented the neì,v process.

In 1845, Justus von Liebig, a German, f.rst introduced the value of potash

salts to the German public.

Before the Communist take-over in 1949, there were only tu'o nitrogen

fertilize¡ piants in China. One was built by Japanese in Daiian and the other

b¡' the Yung Li Compatry, â Chinese owned enterprise, in Nanjing (Kuo,

1976). Ammonium sulfate was the only product for both plants and the

highest annual output was 227,000 tons in standard weight. In 1949, the

annual output of chemical fertiiizer was only 6,000 tons in nutrient weight
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(sicAAS. 1e86).

After the People's Republic of China was established, the new government

paid considerable attention to the chemical feriilizer industry. During the

periods of the First Five-\'ea¡ Plan (1953-1957) and the Second Five-\'ear

Plan (1958-1962), 2.4 billion yuan was invested in expanding two existing

chemical fertilizer plants, constructing several medium-scale nitrogen fertil-

izer piants, each w-ith an annual production capacity of 50,000 to 75.000 tons,

and three large-scale nitrogen fertiiizer plants in Iiirin, Taiyuan and Lanchou

(Kuo, 1976). During the period 1963-i965. more than 1 biilion yuan was in-

vested to continue these projects. In 1953 the output of nitrogen fertilizer

was 50,000 tons, which b¡oke the record of the higliest output created in

1941. The output of nitrogen fertilizer reached 1.037 million tons in 1965 1,

20 times more than the output in 1953 (SSB, 1987). Bl'the end of 1969, more

than 21 large-scale chemical fertilizer piants had been built (Kuo, 1976). One

year later, the output o{ nitrogen fertilizer was 1.523 million lons. During

the period i953-1970. botlt production and application of chemical fe¡tilizers

increased rapidly, but the demand for food greu' even faster. As the Soviet

Union entered international market and tire oil crisis expanded, the prices

of both grain and chemical fertilizer were rising. In Ig72 the government

decided to import 13 large-scale complexes, each with an annual production

lAccording to Dr. Kuo, nitrogen fertilizers which were produced in that period included
ammonium nitrate, ammouium sulfate, ammonium chloride, caicium cyanamide, urea,
ammonia wate¡ and ammonium bicarbonate.
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capacit]' of 300,000 tons synthetic ammonia, which could be converted to

urea) or 500,000 tons urea (SICAAS, i986). The total investmentfrom 1971

to 1980 rvas 14.37 billion yuan, the highest capital investment to chemical

fertilizer industry in a 10-year period since 1949. B.v the end of 1979, all these

complexes had been installed and began to produce nitrogen fertiiizers. As-

sisted by continued rapid development of small scale plants, the output of

nitrogen fertilizers increased ftom 2.44 million tons in 1972 to 9.99 miilion

tons in 1980 and 11.59 million tons in 1986 2, which output puts China in

the position of being the second largest nitrogen fertilizer producer in the

rvorld 3.

The \\iu Ching Chemical Fretilizer Plant was the first large nitrogen fertil-

izer plant designed and constructed by Chinese engineers and workers. The

first-stage installation of this piant at Siranghai was completed in Septem-

ber, 1963 (Kuo, 1976). I\4any heavy machinery and eiectrical equipment

factories all over the country were involved in this project and supplied full

sets of equipment. In 1965 a ne\l' workshop at Wu Ching Chemical Fertil-

ize¡ Plant went into trial operation. By the end of 1970s, tlie Wu Ching

Chemical Fertiiizer Plant had been completed u'ith an annual production

capacity of 300,000 tons synthetic ammonia. The tremendous success of this

project indicated that China rvas able to design and construct a large-scale

SSS , p. 1?5; China.'s Statistical Yearbook 1987, p.

146.
sSICAAS, op.cit., p. 2.
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Table 4.1: Investment in Chemical Fertilizer Industn'. 1953-1985

1953- 1 957

1958- 1 962

1963- 1965r
1966- 1 970

1971- 1975

1976- 1980

1981- 1985

Total j lnvestment in
investment i chemical fertilizrnvestment i chemlcal iertrhzer

ìin Cirina. I industrl'
(billion yuan) | (billion vuan

Note: * figures ¿re estimated according to the grou'th rate released by
different sources. Source: MCI, "The Aim and Policy of Development in
Chinese Chemical Fertilize¡ Industry," N-ong cun jing ji rren gao(Rural Eco-
nomic Draft), Dec, 1987, p. 25.

chemical fertilizer plant and manufacture full sets of equipment such as large

high-pressure compressors, Iarge ammonia, converters, high-pressure seamless

steel pipes, etc. During the 1960s, several other large scale chemical fertilizer

plants, using equipment designed, manufactured and installated by Chinese

technicians, were under construction or were put into operation (Kuo, 1976).

During the Great Leap For'*'ard campaign period (1958-1960), manl'small-

scale chemical fertilizer plants were built in rural areas. The central govern-

ment encouraged the development of these so called "native method fertilizer

plants" and hoped that these plants could rapidlf increase fertilizer output

to make up for the lack of organic fertilizer supply. Because almost all chem-

54.99
118.66
Jó.,f U

9r.47
1 68.04
224.28

339.71

0.455
1.936

1.005

2.762
6.964
7.402
3.194

Share of total
capital

investment

0.82
1A?

3.00
qnt
4.14
3.30
0.94
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ical fertiiizers were allocated by the central and provincial governments, and

chemical fertilizers '¡'ere provided in exchange for procurement, many com-

munes could not obtain a proportion share of chemical fertilizers, because

either they did not have surplus grain for saJ.e or they were located in remote

areas. As a result, these colnmunes had strong initiatives to build thier own

chenical fertilizer plants. On the other hand, communes which could get a

chemical fertilizer suppiy were also willing to invest in fertilizer plants be-

cause tirey did not obtain enough chemical fertilizer as they needed. Thus

nany small-scale fertilizer plants were built in unfavourable conditions where

well-trained workers and suitable equipment were in short supply and where

capital funds for investment were also iimited because these piants rvere fi-

nanced Iocally. Consequently, most of the fertilizers produced b1'these plants

were low grade, oniy one-tenth to one-twentieth as effective as those produced

in modern chemical fertilizer plants (Kuo, 1976).

The method of producing chemical fertiiizers in some of these small-scale

plants rvas primitive. At tire beginning, nitrate rocks, bones, sea,weed and

askes lrom grasses and trees were transfo¡med into powder and liquids, then

mixed, boiled and drained. A fertiiizer produced in this $'a5r s.tt.ined a

certain amount of nitrogen, phosphate and potash and sometimes was either

loo acidic or too alkaline for the local soil a.

To increase the efficiency of these small-scale fertilizer plants, manv engi-

aKuo, op.cit., p. 149.
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neers, experts and working teams we¡e sent to change the production methods

in these plants. The Dairen Chemical Companv even built a synthetic am-

monia plant u'ith an annual output of 800 tons standard fertilizer as a model

to show hot' a small fertilizer plant could be improved at a Lou' cost. In 1962

Hou Tepang, an American-trained engineer and staff at the Nanjing Chem-

ical Fertilizer Company, developed a ner¡/ process of producing ammonium

bicarbonate containing 17.5 percent nitrogen. As a result, the deveiopment of

small chemical fertilizer plants began to a.ccelerate. In 1965 there were about

800 small fertilizer plants t. By 1966, 18 percent of China's nitrogen fertil-

izer was from these small plants producing synthetic ammonia, which wa.s

converted to ammonium bicarbonate (Stone,1986). The proportion of total

domestic nitrogen fertilizer output contributed b¡' small plants was 43 percent

in 1969, 53 percent in 1972 and 60 percent in 1974 (Kuo,1976). From 1969

to 1978, 1,225 small-scale chemical fertilizer plants came into operation and

their production capacity ranged from 3,000 to 5,000 tons a year (SICAAS).

The numbe¡ of small plants had risen to 2,000 b5' 1974, after which many

small plants rvere closed down or merged rvith others because of low piant

efficiency (OECD,1985). By 1978, there were 1,533 such plants producing 70

percent of China's nitrogen fertiiizers (Stone, 1986). Recently, the numbe¡ of

fertilizer piants is more than 1,800 (except those run by collectives), among

which there are about 1,100 small-scale nitrogen fertilizer plants and 600

5OECD, op.cit., p. 53.
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small-scale phosphate fertilizer plants 6. These plants produce about 62.8

percent of the nation's chemical fertilizers 7.

Compared u'ith those of large or medium-scale feriilizer piants, the invest-

ment costs per ton nitrogen fertilizer produced at the smali plants were lower.

These costs were 1,400, 1,200 and 600 yuan, respectively 8. But the produc-

tion cost at the small plant was found to be high, 400 yuan per ton, rn'hile

it u'as 180-200 yuan per ton at the large plant (Kuo,1976). Similarly, the

requirement of materials to produce one ton of nitrogen fertiiizer at the small

plant was 2-3 times more than tirat at the medium-scale plant (Stone,1986).

Thus the Ministry of the Chemical Industry began to amalgamate small fer-

tiiizer plants that we¡e making inefficient use of machinery, energy transport,

etc., and to control the further construction of small-scale fertilizer plants in

the early 1980s (OECD,1985).

Overall, the small plant exhibits some merits. First, it brings quicker

results. In a. 3-4 year period, one small plant can be built and fully operated

u'hile more than 7 years are needed to set up a.large plant. Second, the small

plant uses local resources which may not fit either quality or quantitl'needs

of the conventional plant. Third, it is easy to distribute fertilizers to users

u'ithout any deiay because most of these plants are Located in the rutal areas.

Fourth, it is easier fo¡ worke¡s to operate the small plant.

6The Ministry of Chemicai Industry (MCI), "The Aim and Poiicl, of Development in
Chinese Chemical Industry," Nong cun jing ji wen gao, Dec, 1987, p. 26.

'ro¡o.
8Ibid.
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During the 1950s, an estimated 40-50 percent of China's farmland was

deficient in phosphates (Stone,i986). In 1g8"1 the Chinese Academy of Agri-

cultural Science relea,sed its second field test results, estimating that 73 per-

cent of arable land was deficient in phospha.tes and 40 percent was seriousl5,

deficient e. Recently, nearly 80 percent of arable land north of the yangtze

river is deficient in phosphates 10. Deficiency for phosphates limited the crop

response to nitrogen and became a constraint factor.

Production of phosphate fertilizers began in 1953. Several small-scale

phosphate fertilizer plants were built and only calcium superphosph.ate was

produced. Compared rvith the effect of smali nitrogen plants, small piros-

phate fertilizer plants were far more important in the development of phos-

phate production. Because of the longer period of construction and the ab-

sence of high grade ore in developed regions, the large scale plants developed

slowly. In 1956 the output was 14,000 tons in nutrient weightll. During the

First Five-Year Plan period. two large scale phosphate fertilizer plants were

constructed in Nanjing and Tait'uan. ln 1962 Chanchiang Chemical Industry

Plant, with an annual production capacity of 100,000 tons of phosphate fer-

tilize¡s was built with state financing. Two years later, China had nearl¡, 100

phosphate fertilizer plants rvith an aggregate annual production capacity o{

'SicAASffielievedthatreadilyavailablephosphrouscontenton
the different types of soil should exceed 10 ppm. If the available phosphrous content is
less than 5 ppm, the land is seriously deficient in phosphates. When the content is b-i0
ppm, the land is considered to be deficient in phosphates.

10SICAAS, op.cit., p. 13.
11lbid., p. 2.
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2 miilion tons in different areas, and most of these plants produced ca"lcium

superphosphate and calcium magnesium phosphate (Kuo,1976). In 1983 the

output of phosphate fertilizers was 2.66 miliion tons in nutrient u'eight. whicir

put China into the third position in the u'orld, follorving the United States

and the Soviet Union (SICAAS,1986).

During the 1950s, Chinese farmers were slowly becoming familar with phos-

phate fertilizers. First of all, detailed field tests on most of farm a¡eas and

techniques of application had not been done. Therefore, farmers did not ob-

tain significant efectiveness when they used phosphate fertilize¡s in the fieid

where the phosphate content is high. According to Bruce Stone, only about

15 percent of the phosphate nutrient can be readily absorbed by plant root

systems, and other 85 percent nutrient is either buiit up in the soil, siowly

released over time in years, or eroded away by u'ater or wind. Thus, im-

porper use of phosphate fertilizer in the field without any information about

soil resulted in low response. At the same time, the absence of adequate

equipment and skilled workers caused poor quality fertilizer products. If

imporperl¡' applied, these low quality products can even damage crops. B1'

the end of 1960, large stocks of phosphate fertiiizer began to build up, even

rvith enorrnous subsidies. Therefore, phosphate production deciined sharply

in both 1961 and 1962 12.

l2Owen L. Paw-
son, Communist China's Agriculture, its Development and Future Potential (New York:
Praeger Publishers, 1970), p. 123.

tt2



In 1962, the field test result of national network for experimentation u'ith

chemicai fertilizer was released by the Chinese Academy of Agricultural Sci-

ence. It indicated that tÌre cultivated land south of the Yangtze River v¿as

deficient in phosphate. To improve soil fertilit5' and increase crop output,

production and application of phosphate fertilizers had been encouraged and

technique of effective use of phosphate fertilizers had been shown. Nlany

difficulties confronting the industry in these south provinces had been over-

come. Accoding to SICAAS, the sale of phosphate fertilizers in 13 southern

provinces accounted for 80 percent of the nation's total in the period of

1956-1976. The maior efforts were:

¡ large-scale programs of soil testing and crop experiments were carried

out by provincial agricultural research institutes and universities;

r large numbers of technicians and wo¡kers were trained;

. many phosphate fertilizer plants were built in those areas of Yunnan

and other provinces where high grade ore is available;

r adequate equipment with the technology of the 1950s was provided;

¡ reasonable prices were ofered to farme¡s with enormous subsidies.

As a result, farmers began to benefit from the use of phosphate fertiiizers and

the sale of them increased rapidly. Sometimes the supply of these fertilizers

could not satisfy the demand in these southern provinces. In 1962 the use of
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phosphate fertílizer in China was 125,000 tons and the number even reached

854,000 tons in 1966 and 1.16 million tons in 1971 13. The dramatic increase

in the sale of phosphate fertilizers enabled the phosphate industrl' to expand

its production capacity. Production climbed from 126,000 tons in 1962 to

1.08 million tons in 1971 and 2.66 million tons in 1983i4,

Among all provinces, Guangdon and Guangxi have made the most signif-

icant progress in the production and use of phosphate fertiiizers; about 80

percent of the cultivated farmland rn'as applied with phosphate fertilizers in

Guangdon in 1963. Since then, manv phospìrate fertilizer plants have been

constructed. Consequentll', the readily avaiiable phosphate content in the

soil is high in these two provinces.

There are several serious problems in Cllina's phosphate fertilize¡ indus-

try. First, the high grade phosphate ore is lacking in the ralativel5' devel-

oped provinces but is available in remote areas of Yunnan and Guizhou,

two undeveloped provinces in the southwest China. Therefore, the furthe¡

development of phosphate production is constrained b¡' ore source supply.

Second, most of the Chinese phospirate ore contains low phosphate and high

impurities, which causes high production costs. Third, most phosphate fer-

tilizers consist of only 12 percent phosphate, which is lower than the 18

percent of standard weight. Thus the quality of pliosphate fertilizer has to

be improved continuously. The proportion of higher analysis products such

l3Op.cit., SIC-AAS, p. 7.
14ibid.
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as triple superphosphate, diammonium phosphate and compound fertilizers

must be increased in phosphate fertilizer production. Finalìy, the supplv

of electricity, construction funds and materials in China is unstable. When

shortages in these items develop, the phosphate fe¡tilize¡ sector has been an

easy target for temporary cutbacks 15.

The Chinese Academy of Agricultural Science estimated that 22.8 percent

of arable land, mostly located south of tire Yangtze Rive¡. was defrcient in

potash 16. In addition, 1983 field test results indicated that 13.4 percent

of arable land was deficient in boron and 6.7 percent was deficient in zine.

Studies also revealed that deficienc¡' for trace elements such as nìanganse,

copper and molybdenum have begun to appear in some areas 17.

The development of potash production has been insignificant since 1949

because of the lirnitation of resources. In 1983 the output of potash fertiiizers

was 29,000 tons and the application reached 584,000 tons 18. However, most

of potash fertiiizers must be imported. T¡ace elements can be produced in

China. and the a.pplication averages 50,000 tons ls.

For years, the government has attempted to maximize total grain output

by using chemical fertilizer as an instrument on agricultural production and

procuren'Ì.ent. Disproportionateiy high chemical fertilizers, particuiarl)'nitro-
lsOp.cit., Stone, p. 475.
16Soil Instiiute, the Chinese Academy of Agriculturaì Science, believed t,hat less than

70 ppm eflective potash remained in the soil indicates deficiency for potash.
lzOp.cit., SICAAS, p. 15.
18Ibid.
lslbid., p. z.
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gen, has been ailocated to high-yield regions where there are many advantages

such as better irrigation facilities, high soil fertilities and adequate weather

conditions. In addition, many commerciai grain bases and state farms ob-

tain more chemical fertilizers. Consequently, northern China receives less

chemicai fertilizer allocation. Moreover, the favo¡ed crops for fertilizer dis-

tribution are rice and wheat. Among cash crops, cotton is the top priority

crop for chemical fertilizer distribution. Tuber crops, as well as soybeans and

peanuts, receive little. As a result, diminishing returns in some of these "high

and stable yield" regions and for some crops have emerg"d'0. However, tirese

priorities have corne to conflict with maximization of benefrt because more

fertilizer distribution on low-yieid farmiand may produce increasing returns.

The rvaste in distribution and inefficient use in production have caused

serious problems. First, poor packing, inefficient inland river transport sys-

tem and inadequate storage conditions have resulted in heavy damages and

losses of chemical fertilizers. According to an estimate, 20 percent of bags

are damaged annually, causing a loss oL 7.2 million tons of chemical fertilizers

21. In addition, many warehouses are inadequate for storing chemical fertil-

izers: the fl.oo¡s are damp and the temterature is irigh in summer. If there

is no measure to separate the chemical fertilize¡s from tire damp floors and

high temperature, the fertilizer is moistened and decomposed. Second, many

sult,theeffectofferti]izerperunitappìiedhadbeen
¡educed.

21Op.cit., Hsu, p. 58.
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farmers simply spread the ammonium bicarbonate over the field and expose

it in the air. Under high temperature, readil,v available nitrogen rapidiy

decomposes and evaporates (Kuo,1976).

Unfortunatel¡', detailed irnfo¡mation on the soil conditions o{ local farm-

ing areas has not been gathered. tinlike the United States, farme¡s could

not bring their soil samples to local universities or analytic stations and re-

ceive a detaiied analysis of the soil nutrient content in China because count¡'

levei iaboratories began only in 1980 (Stone,1986). Qualified technicians and

available equipment are also seriously lacking. For instance, a county may

not have a university graduate rvhose major is soil science. As a result, many

farmers do not know the exact conditions of their land and have not used

the appropriate fertilizers even though the second soil test was completed in

1gg3 22.

Sometimes the appropriate fertiiizers ma5' not be available even though

detaiied soil information is received. As mentioned above, disproportionately

higir fertilizer allocations are concentrated on "high and stable yield areas",

not based on u'hat these areas need but based on what is available. Tl-rose of

lou'and medium yield land may not receive enough phosphate fertilizers when

2zAlthough a national network for soil test was set up in 1958-1960 and useful soil test
has been conducted at several provincial agricultural academies, a county ìevel ìaboratory
svstem does not yet exist in China. The nutrient content in the soil changes ove¡ time
because many factors affect the balance of nutrients such as the types of soil, rveather
conditions, fertiiizer application ìevels, etc. lt will help to guide the fertilizer application
on the different types of soil with quick and accu¡ate results bv testing soil samples in
different regions every 3-5 years.
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the soil test results indicate tire land needs to supply phosphate nutrients.

Moreover, the production of nitrogen, phosphate and potash is unbalanced.

In 1986, the output ratio of these three feriilizers was 1 :0.2:0.002 in China

while in industrialised countries it is about 1 : 0.7 : 0.6 23.

z3Op.cit., SICAAS, p. 29.
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Table 8.1: Estimated Supply of Organic Fertilizers in China, 1952-78

1952

1953

r954
1955

1956

1957

1958

1959

1960
1ori1

1962

1963

1964

i965
1966

1967

1968
1 0ßo

1970

197i
r972
1973

7974
1975

1976

7977

1978

165.3
1n, ll!tL.}

180.4

1ö /.b
100 n

208.9

242.0
227.7

211.0
2i3.8
221.5

24r.6
258.0
282.2
284.4
297.7

305.7
319.4

50.6
JC.O

ou.ð
É.Ð nrJù.1

Õó. o

95.4

97.0
80.1

ÐÐ. o

51.1

oD.Ð

90.9
110.9

129.3

747.2

r42.2
133.6
1Ð'l I
IÙI.d

156.9

190.5

200.7
196.3

198.5

2t4.0
281.6
218.3
22r.5

Sheep I Other
manu I manu
19.9

23.9
27.7
29.4
e2 /luu.t
36.9

38.4
9-¿.Ð

ÍtJ. t
48.0

51.3
ÐÐ.ó

56.9
6L.7

60.2
61.8

61.8
61.1

64.I
oÐ.4

65. i
68.5
70.1

7r.2
oö.v
ov.1

77.6

166.2

180.9
196.7
208.7
218.8
2r4.8
274.0
208.1
197.6
188.1

187.0

207.6
231.8
259.9
263.0
264.3

270.2
281.3
287.8
290.8
292.1
296.5
297.8
29-Ð.7

290.1
28r.4
277.3

13.1

16.9

2r.7
25.5
JO.O

47.2
Ð+.+

48.3
39.3
40.8
/1q Aau.u

54.2

69.6
83.9
9r.7

i00.2
111.5
L26.2
r40.4
148.5
157.0
166.0

r75.6
1õÐ. I

185.0
181. i
177.3

,,1 Ada.a

35.8
32.8
32.9
e7 K

36.9
42.7
aÁ Au:.v
26.0
22.6
.\Á .)
L1.¿

25.5

23.6
,1 J

25.3

26.9

29.2
32.2

35.0
JJ.+
31.8
30.3
28.9
27.5
25.2
27.3
27.8

Plant lRiverlTotal
residueslmud I manu

328.2 i

292.r
276.5

292.7

299.8

304.8
29r.2
289.5
279.6
263.8
249.9

257.4
265.3
285.6
308.2
3i4.3
n1'7 À
rJI l.ï

324.4

331.8
339.3
342.9
9rl/1 g
rJ't:t. tJ

349.4

350.7
348.3
341.5
ó,1r.2

326.7

335.8
342.9

350.7

358.2
364.4

369.3
367.3
363.9

11.8

12.7

13.6

-L+.O

16.0

16.0

77.2

i 6.3

il1.D

16.6

16.3

16.3

ro.o
16.8

16.6

16.3

16.3

lo.ll
1lJ. b

16.6

16.6

16.6

16.6

16.6

10.o

10.ó

16.0

1É,2 2

I l+. I
825.4

852.2

899.7
947.7

995.0

936.6

854.3

830.8

867.8

956.5
1052.9

1165.8

1202.5

L226.2

L252.7

1299.8

1368.i
7423.8

145i).4
r474.í,
1496.2

L523.4
r578.2
1491.8

1481.5

Note: Table will continue on next page.
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Table 8.2: Estimated suppl¡' of organic Fertilizers in china, 19z9-86

Year
1979

1980

1981

1982

1983

1984

1985

1986

Night
soil

372.r
9È7t nù r rJ. I

377.8
397.9
387.9
348.8
328.1
306.7

Hog
manu*

239.7

228.4

219.7
239.1
.\1n t
L1t I ..)

243.9
zoó.Ð

268.0

Sheep
manu

Note: Formula y'/F : Q xU x(n*p+,b) x AnlAc is used in this estimation.
Kueh estimated the supply of organic fertiiizer in the 1952-1982 period and
author estimated the remaining whiìe these iterns such as green manu¡e. oil
cakes and river mud were assumed to be constant because of scarcity of
information. Manu is equal to "manure".
Source: Y.Y. Kueh, "Fertilizer supplies and foodgrain production in China
!952-82," Food Policy, Vol. 9, no. 3 (August), p. 224.

78.4
80.2
80.4
82.7
75.9

72.0

70.9

75.6

Other
manu
284.3
285.9
292.4
283.7
290.3
304.0
319.3
eDt n
t)i)rJ. I

Green
manu
17i.3
155.4

158.0

158.0

158.0

158.0

158.0

158.0

oil
cakes

27.8
29.6

34.8
34.8
34.8
34.8

34.8

34.8

Piant
¡esidues

eli q
¿ù't.L

336.6
ó+Ð. u

345.0
J+Ð.U

345.0
J4ð.U

345.0

River
mud
16.3

i6.3
16.3

16.3

16.3

16.3

16.3

16.3

Total
maltu

1523.6

1506.2

1524.3

1557.4
1545.6

1522.8

1535.8

1538.2
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Table 8.3: Grain Output in China, 1949-86

Year | (milliontons)
1949

1950

t-v,f Ì
1952

1953

1954

1955

1956

L9b /

-t9Ðö

1959
1 OAn

IYO I
1962

i963
1964

1965

1966

1967

Grain output

1 13.18

132.13
143.69
163.92
166.38
169.52
183.94
L92.75
195.05

200.00
I 70.00
143.50
147.50

160.00
170.00
187.50
194.53
2r4.00
2r7.82

Year I lmilliontons
1968

1969

1970

i971
r972
7973
1974
1y i,5

1976

1977

1978

r979
i980
i981
1982

1983

1984

1985

1986

Grain output

209.06
210.97
239.96
250.r4
240.48
264.94
275.27
284.52
286.31

282.73
304.77
332.r2
320.56
325.02
354.50

387.28
407.37

379.1 i
391.51

Source: China's Statistical Yearbook 1984-87.
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Table 8.4: Sorvn Area and Cultivated Area in China. 1952-86

10(,
1953

1954

1955

1956

1957

1958

1 95v

1960

1961

tvDt
1963

1964

196õ

1966

rvo i
1968

1969

Sou'n I Cultivated
area I area, iYear

21 1884

216053
22188E

226622
238759
235866
227992
2L3607
225863
214827
210343
2r0327
275297
214936
220243

2r74r4
209741
2LT416

i6 1879

t62794
164033

165236

167738

t67745
16168i
160950

160800

160650

159333

158028

156734
155385

157950

160500

157550

154655

1970

1971

7972
1973

Lg74

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

2L523L
2r8526
221878
22282r
222953
224318
224584
224000
225156
222715
219569
217736
2t7132
215990
2L6332
2L5439
216306

Cultivated
area

Note; The units
Sou¡ce: China's

151650

151095

150552

150000

149783

149565

749250
148950

148950

149400

148950

147600

r47600
147600

147600

147600

145815

are 10 thousand mu.
Statistical Yearbook, 1984-87.
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