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Abstract 

Non-point pollution induced by intensive fertilizer application in Chinese rural areas has attracted increasingly attention in recent years. The major objective of this paper is to discuss what have been the major factors which impact rural households’ fertilizer application. Using household survey data collected in 2004, the paper examines the role of markets, agrotechnical extension services, household basic characteristics, natural conditions, as well as other socio-economic factors on the level of household fertilizer use. The analysis found that there was no substitution relationship between fertilizer and organic manure use. A household with more family members working off farm tends to use more fertilizer. Unexpectedly, household who received agrotechnical extension training is apt to use more fertilizer. There also exists large regional variation on the level of fertilizer application. (JEL Q53, R29)
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I. INTRODUCTION

Chemical fertilizer, as an important modern input factor, contributed significantly to China’s agricultural production growth ever since the introduction of chemical fertilizer in 1901. The fertilizer consumption in China has experienced a fast growth in the twentieth century, especially after initiating the reform and opening policy (see Figure 1). Consumption also led the production of fertilizer jumped up correspondingly at the meanwhile. By the end of twentieth century, the amount of both total production and consumption of chemical fertilizer in China had become No. 1 in the world. In addition, China also ranked fourth in terms of fertilizer application intensity (see Table 1) which is 1.6 times of the average level of the world (Information Institute of Jiangsu Agricultural Academy of Sciences et al., 2005). With the increase in fertilizer production and consumption, environmental deterioration was speeded up in farmland, water
 and air. Chemical fertilizer, therefore, had become one of the main causes of China’s agricultural non-point pollution thereby the major sources of the pollution of water and air. There are approximately 174 kilotons of Nitrogen fertilizer which was used on grain and vegetable being wasted every year, and half of them finally came to the three main rivers of China. The non-point pollution caused by chemical fertilizer has generated serious effects on the environment and ecosystem at the local, territorial and global levels (CCICED, NPP Task Force, 2002). Zhang el al. (2004) points out that the major forms of agriculture non-point pollution come from the crop and livestock production as well as domestic sewage which is the main reason for the eutrophication of nitrogen and phosphorus. They also found that the total contribution of non-point pollution is much higher than the point pollution coming from the city and industry. A recent study shows that from the economic perspective of optimal fertilizer application, the rate of fertilizer overused has accounted for 30%-50% of the total fertilizer used in China (Zhang et al, 2006).
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Figure 1. Trends of Aggregate Fertilizer Use in China from 1980 to 2003

Data Source: National Bureau of Statistics of China, China Statistical Yearbook 2003.
With the development of the society and economy, increasing attention focuses on the environmental problem in modern society. Overuse of fertilizer is detrimental not only to prevention for environmental pollution and sustainable development of society, but to economic returns achievement. It is, therefore, critical to apply certain measures or strategies to guild rural households on how to rationalize chemical fertilizer application in order to reduce the source of non-point pollution. However, in order to have effective measures, it is important to understand what factors affect the households’ fertilizer application behavior? And how and to what extent these factors affect their relevant behavior? Therefore, clarifying the determinants of fertilization intensity is the primary task. Answers to these questions can give all-round understanding of why currently farmers commonly overuse fertilizer and, more importantly, facilitate introducing the relevant policies by government for reducing agricultural non-point pollution. 

Although the issue is significant, it is surprising that in China there are very few studies on determinants of fertilizer application from the micro perspective of households. Reviewing the literature on fertilizer use in recent years, few studies have been conducted systematically through researching on social factors that impact fertilizer application intensity. This paper will employ first-hand data and build econometric model to access how social, economic and political factors have affected the level of fertilizer application and the relationship between these factors. The main findings of this research is that percentage of off-farm labor force and agrotechnical extension services positively affect the fertilization behavior of households while circulation of low-quality chemical fertilizer also some impact on increasing fertilization intensity. The research findings are proposed to be supportive to policy making and adjustment.
The remainder of the paper proceeds as follows: Section II introduces the data sources and some basic characteristics of households. Section III builds the multi-regression model and analyzes the determinants of the level of chemical fertilizer. Section IV concludes. 
II. DATA 

2.1 Data Source

The data in this paper were collected by Center for Chinese Agricultural Policy (CCAP) between late 2003 and early 2004. Every sample township and village was randomly selected. By randomly selecting 4 townships in each county, 2 villages in each township and 5 households in each village, 400 valid samples in 10 counties from 9 provinces were obtained all around the whole country
. 
Research teams were sent to each selected county, using the same sampling procedure to select samples in that county. The research team selected 4 sample townships in each county. The method of sample township selection was to sort all townships in the county according to per capita industrial output value
, then divided them equally into four groups, and randomly selected one township in each group. The team selected 2 sample villages in each sample township using the same selection procedure but according to per capita net income when dividing different groups. For the selection of households in each village, we randomly drew the first household from the list given to us by village administers, then drew the remaining 4 households from the list with equal distant procedure. After this selection, the enumerators went to each household’s home and collected the information about their family basic characteristics, situation of plantation, non-agricultural work, the relevant investment activities, and other information relevant to the production and living of the household using a pre-defined household questionnaire. 

There is a rich set of information included in the questionnaire: household’s basic characteristics, household’s plantation characteristics, household’s agricultural inputs and outputs situation, household’s livestock feeding situation, relevant market situation and all the details about their consumption of chemical fertilizer such as type, amount, source, price and percentage of effective elements, etc.. 

Originally, 400 samples were obtained from the survey. However, following problems had been found out in the process of field survey and data processing: (i) One of the sample households in Henan Fengqiu never use chemical fertilizer, so we drop this sample; (ii) Since the main type of planting in Shangdong Shouguang was anti-season greenhouse vegetable and the size of greenhouse planting in rural households generally accounted for over 70% (or even 100%) of the total size of their arable land, which led to the sample data from this region was incomparable to data from other regions. Therefore 40 samples were excluded; (iii) We also removed 5 sample households in one of the sample villages of Hebei Luancheng because they only adopted “sewage irrigation” rather than chemical fertilizer. Above all, empirical analysis was built in this paper based on the information of the total 354 sample households from 9 counties and 8 provinces.
2.2 Basic Characteristics of Sample Households

Table 2 presents some basic characteristics of sample households. It can be seen that the average household size is 4.2 people per household, with the largest being 4.9 in Hebei Luancheng and the smallest being 3.5 in Jiangsu Yixing. Generally speaking, rural household sizes do not differ enormously among regions.

As for other household basic characteristics, there exists a considerable difference of years of education of household’s fertilization decision-maker and household dependent ratio
 differs significantly among regions. Values of house property are also significantly different among regions, with the highest value of Jiangsu Chuangshu twice more than the national sample average, eleven times more than that of the lowest Shanxi Changwu. The cropping intensity (measured by multiple crop index) in Jiangxi Yujiang is one time higher than that in Heilongjiang Hailun. The largest size of arable land is ten times as big as the smallest. Number of plots of arable land also differs significantly among regions, with those of Jiangxi Yujiang, five times as many as those of Hebei Luancheng. The largest agricultural investment intensity excluding fertilizer expenses is also five times as high as the smallest. However, other characteristics like actual labor force of household are not significantly different among regions.

Table 2 also shows that national average of pure chemical fertilizer application intensity is 35.2 Kg/ Chinese mu
 while intensity differs a lot among different regions. Hebei Luancheng demonstrates the largest fertilizer application intensity (47.6 Kg/ Chinese mu), which is 4.5 times as big as that of Heilongjiang Hailun (11.3 Kg/ Chinese mu). We believe this evident difference was caused by not only the soil fertility but also the multiple crop index in various regions. 

III. ANALYSIS ON THE DETERMINANTS 

OF HOUSEHOLD FERTILIZER APPLICATION INTENSITY
Many factors may affect fertilizer application intensity, such as social and economic environmental characteristics, rural household characteristics and individual characteristics of fertilization decision-maker. In order to identify the relationship among the factors and the fertilizer application intensity, we first conducted simple correlation analysis trying to find some useful information or links. However, as the impacts among contributing factors is intricate and difficult to measure individually, econometric model was to be built for systematic multi-regression analysis.

3.1 Simple Correlation Analysis on Household Fertilizer Application Intensity

Before we go for more comprehensive econometric analysis, we conduct the statistical analysis on the relationship between chemical fertilizer application intensity and some important contributing factors separately in this part. 
Figure 2 (panels a-c) describes the relationship between chemical fertilizer application intensity and value of house property, household actual labor force and percentage of household actual labor force in off-farm work, respectively. According to the self-estimated actual value of house property, sample households are divided into four groups: with housing value less than 20 thousand yuan
, 20-40 thousand yuan, 40-100 thousand yuan and more than 100 thousand yuan. We also divided households into five groups according to household actual labor force: less than or equal to 2, 3, 4 and equal to or more than 5. At last, we divided households into four groups by the standard of percentage of household actual labor force in off-farm work: 0%, 0-50%, 50%, 50-100% and 100%. Figure 2.a illustrates that household fertilizer application intensity goes up with the increase of value of house property. Figure 2.b displays that household fertilization intensity boosts with the increase of household actual labor force. From Figure 2.c it can be seen that fertilizer application intensity rise with the increase of percentage of household actual labor force in off-farm work.
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Figure 2. Relationship between Household Fertilizer Application Intensity and Rural Household Basic Characteristics 

Figure 3 (panels a-c) demonstrates the relationship between chemical fertilizer application intensity and natural disasters, situation of chemical fertilizer market and agrotechnical extension services, respectively. From Figure 3.a it can be observed that the stricken households tend to reduce fertilizer application intensity. Figure 3.b shows that households that believe to have ever bought low-quality fertilizer are likely to increase fertilization intensity. Figure 3.c indicates that agrotechnical extension services will to some degree increase fertilizer application intensity. According to our survey findings, this may result from the fact that most agrotechnical extension services are provided by organizations like agrotechnical stations which are stakeholders of fertilizer suppliers
, and are carried out for the purpose of production increase.
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Figure 3. Relationship between Household Fertilizer Application Intensity and Situation of Disaster Stricken (a), Fake Fertilizer (b) and Agrotechnical Extension Services (c)

In addition, we also tried to analyze the relationship between fertilizer use intensity and some other contributing factors, such as situation of organic manure application, level of education of fertilization decision-maker, etc. However, none of these exercises have shown any significant relationships.
3.2 Multi-regression Analysis on the Determinants of Household Fertilizer Application Intensity
3.2.1 Model Specification
There are different types of models can be built to analyze the demand of chemical fertilizer at household level. For different research emphases and purposes, we can introduce GLS model, Probit & Logit model, Tobit model, Heckman model and Double－Hurdle model, etc. for solving the research question. In order to examine elasticity, the empirical specification in this paper will adopt logarithmic-linear form to build the regression model
. The regression function is specified as following: 
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PCF: pure chemical fertilizer application intensity (Kg/mu), the total amount of pure Nitrogen, Phosphor and Kalium of fertilizer applied in unit agro-plot size in 2003 agricultural year. X: the determinants of chemical fertilizer application intensity which include social environment, rural household characteristics, etc.. 
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: the disturbance term. We will explain in details about the determinants X in the next sub-section.
3.2.2 Variable Selection
There are various factors affecting households’ fertilization. According to economic theories, the consumption of chemical fertilizer by household is actually one of the inputs in agricultural production. Therefore, its amount of consumption should be determined by the outputs and other inputs of the agricultural production as well as some other contributing factors. Generally speaking, three sorts of other factors should be considered: individual characteristics of fertilizer application decision-maker, household basic traits and social environmental characteristics. Individual characteristics of fertilizer application decision-maker are composed of his/her education level etc. Household characteristics include budget constraint, labor supply, household dependent ratio, off-farm employment, agricultural production scale, organic manure application, level of agricultural machinery, etc. Socio-economic environmental characteristics comprise various conditions in agricultural production, agro-technology extension, etc. The price of chemical fertilizer is tend to be the same amongst different regions after Chinese entry of WTO and the price difference only due to the difference in transaction cost among different regions, therefore, we will not introduce the price of chemical fertilizer as a determinant in our empirical model. More specific description of the determinants X’s in equation (1) above are presented in the following.
Level of education (HHedu): The householders are divided into four groups according to their years of education: illiterate (never accept any education), primary school (taken education of primary school), middle school (taken education of middle school), high school and/or university (taken education of middle school and/or higher education). We created 3 dummies for capture the effect of education(1 = yes while 0 = no): (i) Premaryschool: whether the householder has taken the primary school education; (ii) Middleschool: whether the householder has taken the middle school education; (iii) Highschool: whether the householder has taken the high school or even higher education. Because human capital is also one of the inputs in agriculture production, by introducing the variables, we can find the relationship between the two kinds of inputs, i.e., on earth complement or substitution.
Agrotechnical extension services (ATES): Dummy variable (1 = yes, 0 = no) indicating whether major household members engaging in agricultural production have received agrotechnical extension services since land was allocated to every household. We predicted that there exists negative relationship between ATES and the intensity since ATES may cause the household got more useful information about the characteristics of chemical fertilizer and new crops thereby leading to rationally adopt more exact fertilization technology in their fertilization. However, the relationship also can be contrary if there are other incentives of this ATES.
Household property (WEALTH): Variable recording the value (yuan) of household’s house properties in 2003. This value refers to the economic level of the household and can be used as a measurement of household’s credit restriction. Additionally, it also can be consider as a measurement of the income level of rural households thereby measuring how heavy the households under the restriction of money when they wanted to buy chemical fertilizer as production inputs. 
Household labor force (Laborforce): Variable recording the number of people aging from 16 to 65 years old engaging in all works of life in the household. Since the labor in fertilization is the major part of the whole labor in agricultural production, households’ endowment in labor force may affect the fertilization behavior.
Percentage of off-farm labor force (OFFARM): Variable recording the percentage of labor force working on non-agricultural field over the total labor force in the household in 2003. Off-farm work may change the endowments such as time and income thereby affecting the decision of fertilization.

Organic manure application (Organicf): Dummy variable (1 = yes, 0 = no) indicating whether rural household applied organic manure (including manure, manure cake, compost, etc.) in its arable land in 2003. By introducing this variable, we want to find the empirical evidence about relationship of complement or substitution in households’ fertilization decision. 
Multiple crop index (MCI): Variable recording the ratio of actual cultivation area over the plantation area in 2003. Multiple crop index indicating the different systems of agriculture among different regions. Generally, the higher multiple crop index, the higher chemical fertilizer application intensity.
Chemical fertilizer market situation (fertmarket): Dummy variable (1 = yes, 0 = no) indicating whether the household believe to have ever bought low-quality chemical fertilizer since land was allocated to every household. Households tend to increase the intensity of fertilizer if they believe to have ever bought the low-quality fertilizer which did not contain enough effective elements.

Situation of disaster stricken (DS): Dummy variable (1 = yes, 0 = no) indicating whether the interviewed household’s plantation suffered any disaster in past five years. The dummy was used to measure the possible risk faced by households. And it tends to be natural that households reduce their inputs in agricultural production if natural risk is high. 
Regional location (North): Dummy variable (1 = yes, 0 = no) indicating whether samples come from the north part of China in terms of the common knowledge about the division north and south of China
. 
3.2.3 Discussion of Regression Results
We built empirical model based on the above description of model form and variables. The results of multi-regression model of equation (1) are presented in Table 3.
Test results show that the main determinants which we focus in this paper are all significantly affecting household fertilizer application intensity. With acceptable goodness of fit of the empirical model, the sign of estimated coefficients are generally accord with the expected sign. For instances, households tended to reduce the intensity of chemical fertilizer if there is high risk of natural disaster; increase in off-farm working would result in increased intensity of fertilizer use, etc.
From the empirical results, it can be seen that higher level of education seems to reduce the intensity of fertilizer application because the coefficients of all the three education dummies are negative. However, all the coefficients are insignificant even at 10% statistical level. We can not confirm that more educated people could be more rational in fertilizer application if we believed that farmers had been overusing fertilizer in the past.

The results suggest that the value of house property as the instrumental variable of rural household asset stock is not statistically significant in explaining fertilizer application intensity. 
Being major input of agricultural production, fertilizer input should have been constrained by household budget. But since value of house property could only partially embody budget constraint, it is not significantly related to fertilizer application intensity. Additionally, since the plantation size of each rural household in China is small therefore in relative sense, budget constraint does not appear to be a binding condition on farmers’ fertilizer application.
Regression results also indicate that the coefficient of the percentage of off-farm labor force is positive, i.e., increase in this percentage significantly raised the intensity of fertilizer application. Being one of the major labor force consuming activities, fertilization costs a great deal of time and energy. However, households with higher percentage of off-farm labor force should more focused on their high return to off-farm job thereby tending to use more fertilizer at once to guarantee the quality of crops. In addition, more income coming from off-farm job relaxed budget constraint thereby leading to more fertilization application.
Moreover, it can be reflected from the regression results that the correlation between receiving agrotechnical extension services and fertilizer application intensity is significantly positive. As stated above, this might be attributed to the fact that being stakeholders of fertilizer suppliers, most agrotechnical extension services organizations have always aimed at increasing output and promoting fertilizer sales but lacked consideration of economic and environmental factors, which leads to such a result. 

From our results, their belief that they have ever bought low-quality chemical fertilizer also affected their expected efficiency of fertilizer thereby enhancing the fertilization intensity even in the long run. This result is consistent with the result in single variable correlation analysis. However, this result is not significant. 
Results of the regression also show that organic manure application is significantly positive correlated with chemical fertilizer application intensity. We did not observe the substitution relationship between organic manure and chemical fertilizer from the result. This result further illustrates that fertilization decision-maker did not take substitution function between them into account when they make fertilization decision. 
Furthermore, regression results indicate that multiple crop index is positively associated with fertilizer application intensity because demand for fertilization increases when the time intensity of planting increases due to local condition of sunlight and temperature. 

For the effect of disaster stricken on fertilization, it can be seen from the results that the higher expected natural risk from having suffered a disaster in the past, to a large extent, reduced the incentive of fertilization. 
Last but not least, there is significant difference in fertilizer application between regions, especially between southern and northern regions. Some factors quite difficult to measure individually between south and north may jointly contribute to the variation. Difference of planting structure and crop type in different areas in China is also an important factor. Additionally, distinction in geological conditions, soil type and fertility, sunlight and temperature conditions as well as social customs is also cause to regional variation of fertilization intensity. 
IV. CONCLUSION 
In this paper, we identified the determinants of chemical fertilizer application intensity by using the first-hand data collected from rural households in China. The results indicate that percentage of off-farm labor force, agrotechnical extension services, chemical fertilizer market situation, etc. do affect the fertilization behavior of households’.
Analysis in this research mainly considers economic determinants such as market environment, basic economic characteristics of rural households, etc. These factors，however, are the determinants to change fertilization intensity on some level but may not the reasons or sources of so high intensity of chemical fertilizer application. Especially, it can be found that the improper agrotechnical extension services contributed a lot to the high fertilization intensity in the past. From the results of our another relevant research, we found the evidence that the proper agrotechnical extension services did reduce the fertilization intensity: 30% fertilizer decrease in rice planting did not cause any reduction of output in our corporately rice planting laboratory with households. Therefore, the across-the-board technologic information may, to a large extent, change the behavior and intensity of households’ fertilization.
Based on the analyses above, we can arrive at the conclusion that rising labor opportunity cost measured by the increasing opportunity in off-farm activities has substantial impact on households’ fertilization behavior. That is, the farmers substitute labor by using more fertilizer. More important, high intensity of fertilization is caused by the traditional improper agrotechnical extension services. Sum up, several policies which might be able to reduce the use of fertilizer are implied from these results.
Firstly, adjusting the manner and intention of agrotechnical extension services aims at offering more useful information about rational fertilization.

Since it has become common sense that current fertilization intensity is irrationally high, the effect of agrotechnical extension services on fertilization was expected to reduce the intensity of fertilization. In contrary to our prediction, the empirical evidence presents the opposite effect. It might not be the casual relationship between the more widespread agro-technological extension services and higher intensity of chemical fertilizer because the ill-suited incentives of the provider of agro-technological extension services probably are the chief criminal. The traditional extension services mainly aimed at sustainable outputs increase. Raising inputs use such as fertilizer is doubtlessly a fast and intuitive way to achieve this target even though it might cause harmful pollution to the whole society. Hence policy orientation of agrotechnical extension services had better be adjusted from traditional thinking of promoting fertilizer sales and increasing crop output to modern conception of simultaneous consideration of direct revenue as well as social and environmental costs.
Our findings suggest that utilization of organic manure did not significantly substitute chemical fertilizer use in agricultural production. Our evidence, in contrary, witnessed the complement relationship in reality, which might be attributed to the deficient extension services. Policies are thus implied to instruct more knowledge to farmers that organic manure and fertilizer are substitutes through reinforcing agrotechnical extension services. By such practice, rural households are expected to complementarily apply both organic manure and chemical fertilizer thereby avoiding the double pollution from repeated use and waste.
Secondly, it is imperative to regulate the environment of chemical fertilizer market.
Overrun of low-quality fertilizer will not only make households suffer, but also make them accustomed to overuse in fertilizer in the long run, which will lead to more social and environmental loss. Regulation of the environment of chemical fertilizer market are able to reduce circulation of low-quality fertilizer and are equal to raise the effective elements of current fertilizer thereby , to some degree, decreasing fertilization intensity. Therefore government needs to strengthen supervision of fertilizer production, supply and sales, regulate fertilizer market, as well as prohibit circulation of low-quality fertilizer.
Last but not least, adopting environmental legislation as well as various economic measures adjusts households’ fertilization behavior.
Environment legislation aiming at fertilization regulation is an important way for many industrialized countries such as EU, Canada, etc. to control households’ irrational behavior of fertilization. Chinese policy-makers should use other’s successful experience for reference so that establish effective regulations and laws for chemical fertilizer controlling. Government should also encourage the fertilizer production and application manners which are beneficial to non-point pollution reduction. Specifically, it’s better to include (i) establishing quality standard for chemical fertilizer and organic manure; (ii) building exact fertilization technical system for chemical fertilizer and organic manure application based on the specific crop and land situation. Moreover, for solving the negative externality of fertilization, necessary economic measures such as environmental tax imposing can be used to adjust households’ fertilization behavior. By such practice, we can complement the absence of environmental regulations and laws while collecting money for environmental protection.
In addition, source controlling is another important way for industrialized countries to reducing agricultural non-point pollution. The key character of this method is substituting newly environment-friendly technology for traditional technology based on agricultural scientific research. It’s also crucial to promote adoption of the new technology by applying chastening and encouraging measures. Especially, establishing and carrying out restrictive technical standard in some pivotal protection region of water source or drainage area in order to reducing the runoffs and eluviations of Nitrogen and Phosphor. Principle of this policies is adopting the substitution technology which does not increase cost but do effectively decrease the runoffs and eluviations of Nitrogen and Phosphor from field and farmland. The current main technologies for controlling agricultural non-point pollution in industrialized countries are the following: best management practices (BMPs) for nutrients in farmland, management system for organic or compositive agriculture, planting along contour line, technical measures on agricultural conservation of water and soil, etc. (Weili Zhang et al., 2004). In a word, using other’s successful experience while combing with Chinese specific situation to constitute policies will be a right way to promote households reducing fertilization intensity thereby reducing the environmental pollution.
Table 1: Chemical fertilizer consumption per unit actual cultivation area (Kilogram/Ha), 1965-2000 
	year
	1965
	1970
	1975
	1980
	1985
	1990
	1995
	2000

	Netherlands 
	606
	788
	836
	860
	849
	638
	607
	459

	South Korea 
	156
	262
	420
	390
	417
	490
	549
	455

	Japan 
	338
	376
	364
	373
	419
	386
	354
	325

	China 
	25
	44
	70
	158
	143
	221
	287
	279

	Philippines 
	24
	43
	47
	64
	53
	107
	109
	132

	U.S. 
	64
	82
	101
	114
	95
	100
	113
	105

	India 
	5
	14
	21
	34
	53
	74
	86
	103

	
	
	
	
	
	
	
	
	

	World
	37
	53
	70
	88
	94
	100
	94
	100

	Data Source：FAO (www.fao.org)


Table 2: Regional Mean of Basic Economic Characteristics of Rural Households
	Regional mean
	Population of 
household
	Actual labor 
force of
household 
	Burden index of
household
	Years of
education of
fertilizer application decision-maker
	Value of
house property
	Size of arable land
	Number of plots
of arable land
	Multiple crop index
	Chemical fertilizer* application intensity

	
	(person/
household)
	(person/
household)
	
	year
	Thousand Yuan
	（Chinese mu/
household）
	(piece/
household)
	
	(Kg/ Chinese
 mu）

	Jiangsu Changshu
	4.5 
	3.1
	0.25
	3.6 
	128.2 
	4.1 
	3.7 
	1.60 
	38.2

	Jiangsu Yixing
	3.5 
	2.7
	0.17
	6.2 
	59.8 
	5.2 
	4.2 
	1.65 
	47.2

	Jiangxi Yujiang
	4.3 
	2.8
	0.25
	7.9 
	33.1 
	7.7 
	7.5 
	2.25 
	40.8

	Henan Fengqiu
	4.5 
	2.7
	0.32
	6.0 
	24.1 
	7.5 
	3.3 
	2.16 
	29.8

	Hebei Luancheng
	4.9 
	3.5
	0.16
	7.8 
	41.2 
	5.5 
	1.4 
	2.06 
	47.6

	Liaoning Sujiatun 
	3.6 
	2.6
	0.17
	7.3 
	29.8 
	18.0 
	2.4 
	1.08 
	25.5

	Heilongjiang Hailun 
	4.6 
	3.3
	0.24
	6.2 
	14.5 
	45.2 
	4.1 
	1.07 
	11.5

	Sichuan Yanting
	4.0 
	2.9
	0.2
	6.3 
	16.8 
	5.2 
	7.9 
	2.08 
	43.4

	Shanxi Changwu
	4.3 
	2.7
	0.28
	8.1 
	11.0 
	7.9 
	4.0 
	1.27 
	34.5

	National Average
	4.2 
	2.9
	0.23
	6.6 
	39.8 
	11.9 
	4.3 
	1.69 
	35.2

	* Chemical fertilizer is the pure amount of Nitrogen, Phosphor and Kalium. 

	Data Source: Survey data collected by CCAP, CAS in 2003-2004


Table 3: Regression Results of Determinants of Household Fertilizer Application Intensity
	Independent Variable
	
	Coefficient
	
	T-statistic

	Households' Characteristics
	
	
	
	

	Premaryschool
	（1 = yes; 0 = no）
	-0.157
	
	-1.21

	Middleschool
	（1 = yes; 0 = no）
	-0.027
	
	-0.21

	Highschool
	（1 = yes; 0 = no）
	-0.017
	
	-0.11

	WEALTH
	（Chinese Yuan）
	1.37E-08
	
	0.02

	OFFARM
	（％）
	0.228**
	
	2.19

	Laborforce 
	（Person/Household）
	0.007
	
	0.25

	
	
	
	
	

	Agrotechnical Extension Services
	（1 = yes; 0 = no）
	0.141*
	
	1.65

	Environmental Variable
	
	
	
	

	Fertmarket
	（1 = yes; 0 = no）
	0.108
	
	1.35

	DS
	（1 = yes; 0 = no）
	-0.215***
	
	-3.08

	MCI
	
	0.204***
	
	3.73

	
	
	
	
	

	Organic
	（1 = yes; 0 = no）
	0.149**
	
	2.22

	North
	（1 = north; 0 = south）
	-0.415***
	
	-5.78

	Constant term
	
	3.283***
	
	16.62

	
	
	
	
	

	Number of obs.
	
	351
	
	

	F( 12,   338)
	
	11.29
	
	

	R-squared
	
	0.286
	
	

	Note: *    indicates statistically significant at 10%

	     **   indicates statistically significant at 5%

	     ***  indicates statistically significant at 1%
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� Including rivers, lakes and sea.


� We draw the sample households from 10 counties of 9 provinces in China: Jiangsu Changshu & Yixing, Jiangxi Yujiang, Shandong Shouguang, Henan Fengqiu, Hebei Luancheng, Liaoning Sujiatun, Heilongjiang Hailun, Sichuan Yanting, Shanxi Changwu. For convenient, Selection of sample provinces and counties was based on the location of ecological observation stations of CAS.. 


� We use per capita industrial output value as the measure standard proposed by Rozelle（1990,1996） since it is the best index to describe household’s living standard and developing potential. Additionally, this index is more credible than some other indexes such as per capita net income. 





� Household dependent ratio expresses as the proportion of the number of off-work family members over the number of all family members. 


� One Chinese mu is equal to 1/15 of a hectare. 


� Yuan is the Chinese currency unit. One USD is roughly equal to 7.5 yuan at this moment.


� This is because the agro-technological stations sell chemical fertilizer as their main income source in most sample region 


� Also because the value of all dependent variable is larger than zero in the data


� In our sample data, 5 out of 9 regions come from the north part of China.
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