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Agricultural production outsourcing service (APOS) are developing rapidly in China. In-depth research on whether the development of agricultural production outsourcing service can reduce agricultural non-point source pollution (ANSP) and the influencing mechanisms is still lacking. This study analyze the underlying mechanisms and empirically estimate the impact of agricultural production outsourcing service on agricultural non-point source pollution, explore the effect of land fragmentation on the relationship between them, and further empirically test these relationships with microsurvey data on farmers in China. The results reveal that agricultural production outsourcing service are negatively correlated with excess nitrogen and chemical fertilizer input. Agricultural production outsourcing service use can reduce excess nitrogen and an increase in the number of plots of land leads to an increase in excess nitrogen, and lower the negative effect of agricultural production outsourcing service on excess nitrogen. Agricultural production outsourcing service affect excess nitrogen by reducing farmers’ input of chemical fertilizers and increasing their adoption of green agricultural production technology. In the future, China should vigorously promote the development of agricultural production outsourcing service organizations, improve the standardization of outsourcing services to expand the scale of agricultural production outsourcing service. The government should also strengthen policy support for the construction of field roads, water conservation and irrigation, and should strive to centrally manage scattered land. It is necessary to encourage small-scale farmers to outsource agricultural production activities to the service organizations, thus reducing the negative effect of land fragmentation and increasing the positive effect of agricultural production outsourcing service in reducing agricultural non-point source pollution.
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1 INTRODUCTION
Agriculture is not only highly dependent on the ecological environment but also impacts it. The input of agricultural factors has negative environmental externalities. As one of the most prominent sources of water pollution, agricultural non-point source pollution (hereinafter referred to as ANSP) has become increasingly serious (Abler, 2015; Zhang et al., 2018; Zhou, et al., 2021). Over the past 30–40 years, ANSP has been severe worldwide due to the overuse of chemical fertilizers (Carpenter et al., 1998; Li et al., 2019). Agriculture is the largest source of chemical oxygen demand (COD) and the second largest source of ammonia nitrogen in water pollution (Ministry of Ecology and Environment of the People’s Republic of China, 2020). Yu et al. (2020) revealed that the scale of China’s agriculture is showing a trend of rapid development, and it is important to note that agricultural environmental pollution cannot be ignored. Chinese crop yields have increased for 17 consecutive years since 2004, and total crop yields have exceeded 650 billion kilograms for 6 consecutive years. China feeds 22% of the world’s population with only 10% of the world’s arable land. However, extensive agricultural management with high levels of input and high levels of pollution leads to low agriculture utilization rates. Data released by the Ministry of Agriculture and Rural Affairs of China show that the utilization rate of chemical fertilizers for rice, wheat and corn in China was only 40.2%, and the utilization rate of pesticides was 40.6% in 2020. ANSP has become one of the most complicated and challenging issues related to environmental protection in China. Reducing the application of agricultural inputs and increasing their utilization rate have been widely adopted to govern ANSP worldwide. To eliminate the sources of ANSP in the agricultural sector, such as the inefficient utilization of production factors, the Chinese government has implemented a series of measures. The No. 1 Document of the Central Committee of the Communist Party of China (CCCPC) explicitly proposed strengthening ANSP prevention in 2004. In the following 18 years, policies have been proposed to deal with ANSP in rural areas. In addition, in its 14th Five-Year Plan for the Green Development of Agriculture, China set unequivocal quantitative targets to increase the utilization rate of chemical fertilizer to 43% (State Council of the People’s Republic of China, 2021a). In 2022, the No. 1 Document of the CCCPC proposed “strengthening the comprehensive treatment of ANSP and further reducing the amount of agricultural input".
Chinese urbanization is accelerating, and the agricultural labor force will inevitably transfer to urban non-agricultural sectors. The high rate of agricultural labor transfer has worsened the aging of the agricultural labor force and increased the number of women involved in farming, while the overall supply of agricultural labor is decreasing. This has had an adverse impact on ANSP. Agricultural production outsourcing service (APOS) organizations in China have the advantage of utilizing advanced agricultural technology, modern equipment and management ideas. By outsourcing part or all of the steps of agricultural production to APOS organizations, farmers can compensate for the shortage of agricultural labor and the lack of advanced agricultural technology and equipment, theoretically improving the utilization rate of chemical fertilizers in agriculture and reducing ANSP. The 14th Five-Year Plan for the Green Development of Agriculture in China points out that “support a number of professional agricultural outsourcing service organizations to strengthen the prevention and treatment of ANSP” (State Council of the People’s Republic of China, 2021b). The 14th Five-Year Plan for Modernizing Rural Agriculture in China also makes it a priority to “develop APOS organizations and introduce advanced agricultural varieties, inputs, technologies and equipment to small-scale farmers” (State Council of the People’s Republic of China, 2021a). Data released by the Ministry of Agriculture and Rural Affairs of China show that by the end of 2020, the total number of APOS organizations in China exceeded 950,000, servicing 110 million ha of farmland and 78 million small-scale. APOS are the major driving force behind the reduction in chemical fertilizer use in China, and studying the effect of APOS on ANSP is of great theoretical and practical value for reducing ANSP.
APOS are effective because they reduce the agricultural cost per unit of area through the development of a large-scale service area. That is how the supply cost advantage of APOS is formed. China’s cultivated land area is highly fragmented and generally managed through small-scale farming. At present, the pattern of managing fragmented land has not changed; rather, land fragmentation has increased in China, where the per capita area of cultivated land is only .1 ha, the mean farm size is approximately .6 ha, and the number of plots per household is 5. There are still 210 million farmers with farms smaller than .6 ha. China has a large agricultural population, and farmers still engage in agricultural production on fragmented farmland. This raises the question of whether land fragmentation places external constraints on the growth of the area served by APOS organizations and affects ANSP. Poyang Lake is the largest freshwater lake in China. It is also an important ecological protection area in China and a global important ecological area designated by the World Wide Fund for Nature. Data released by water resources department of Jiangxi Province showed that ANSP contributed 69% of total nitrogen, 81.6% of total phosphorus and 55.2% of chemical oxygen demand to the pollution in Poyang Lake. How to effectively solve the problem of ANSP in Poyang Lake Basin is urgent. The whole area of Poyang Lake is in Jiangxi Province, China. Therefore, the object of this study is to analyze the underlying mechanisms and empirically estimate the impact of APOS on ANSP, explore the effect of land fragmentation on the relationship between them, and further empirically test these relationships with microsurvey data on farmers in Jiangxi Province.
Many scholars have studied the impact of APOS on agricultural production and the differences in farmer demand for outsourcing services in agricultural production, with very valuable results having been obtained. However, few studies have directly discussed the effect of APOS on ANSP, and even fewer have empirically analyzed the mechanism underlying this relationship. Sun et al. (2019) found that farmers have a greater demand for outsourcing services related to farmland preparation and harvesting but less demand for outsourcing services related to fertilization and pesticide application. Farm size (Massayo et al., 2008), age, gender, education level, social network strength, non-agricultural income and other household characteristics have different degrees of influence on APOS use (Gebregziabher, 2015; Materia et al., 2017; Zhang et al., 2017; Baiyegunhi et al., 2019). Most studies have found that APOS are effective replacements for household labor and reduce agricultural labor costs (Gooroochum and Hanley, 2007), increase the income of farmers (Lyne et al., 2018; Mi et al., 2020), improve agricultural technical efficiency (Bangkim et al., 2021), reduce farmland abandonment (Luo et al., 2019) and promote increases in the scale of the farmland under management (Kang et al., 2020). With the development of research, some scholars have begun to directly study the impact of APOS on the relationship between agriculture and the environment. Ying and Xu (2017) found that outsourcing fertilization can significantly reduce the intensity of fertilizer application, especially among small-scale farmers. Ji (2018) argued that APOS significantly reduce the use of pesticides, increasing the prevention and control of pesticide misuse and ensuring the scientific use of pesticides. Cai et al. (2019) found that joining an agricultural cooperative increased the probability of family farms reducing their chemical fertilizer and pesticide use by 43.3% and 43.7%, respectively. Zhang and Luo (2020) found that the more farmers used APOS, the stronger the positive effect of increased land plot size and farm size on chemical fertilizer application. Lu et al. (2021) found that farmers’ purchases of APOS significantly increased their adoption of environmentally friendly agricultural technology. Tian et al. (2019) concluded that agricultural mechanization services can change the way that farmers use polluting input factors and dispose of agricultural production waste, which is beneficial to the ecological environment. Li et al. (2021) found that the more that farmers adopt outsourcing services for green agricultural production, the higher their green agricultural productivity. However, that study used a comprehensive index to describe the agricultural environment and lacked a detailed analysis of ANSP.
Transportation, manufacturing and construction industry pollution has always attracted the most attention among scholars (Jiang et al., 2022), and ANSP, which is dispersed and more difficult to control, has been neglected. Whether APOS can effectively reduce ANSP is of great importance for the green development of Chinese agriculture. Unfortunately, there has been no in-depth analysis of this topic. As a result, the main contribution of the paper is that it provides empirical evidence on how APOS can increase optimal use of chemical fertilizers and reduce negative environmental impact. In addition, it identified the implication of land fragmentation on the relationship between APOS and the use of excessive nitrogen. The rest of this paper is organized as follows. Section 2 presents the mechanism analysis and model construction. In Section 3, the data sources and variables used are described. Section 4 presents an analysis of the empirical results, the robustness checks and the mechanism test. The conclusion and discussions are reported in Section 5.
2 MECHANISM ANALYSIS AND MODEL CONSTRUCTION
2.1 Mechanism analysis
APOS are not only effective replacements for agricultural laborers, but they also provide advanced agricultural technology, modern equipment and information advantages that farmers do not have, which substantially improves factor utilization rates, increasing the use of environmentally friendly factors and reducing ANSP. APOS organizations can prepare farmland, sow, transplant, fertilize and apply pesticide for farmers. As the opportunity cost of farming continues to rise, the constraint of labor on agricultural production increases. As a substitute for the labor force, the agricultural mechanization services provided by APOS organizations can alleviate the labor constraints faced by farmers and encourage them to lease land (Yang et al., 2019). Agricultural machinery assets are highly specific, and APOS organizations make it easy for farmers to obtain agricultural machinery services, saving them the substantial amount of funds needed to buy such assets by themselves. The development and application of agricultural science and technology has become the key to the development of modern agriculture, but most farmers (especially large-scale farmers), constrained by the limited resources of public agricultural technology extensions, cannot directly obtain technical support. APOS organizations can introduce advanced agricultural techniques and equipment into agricultural production, alleviate the technical constraints faced by farmers, and increase the scale of farmland under management. This results in the optimization of input factors and a reduction in the amount of chemical fertilizer input per unit of area (Lu et al., 2019).
Individual farmers often face problems such as financial barriers, farm size thresholds and technical risks when adopting green agricultural production technology. This not only reduces farmers’ trust in green production technology but also makes it difficult for farmers who are willing to adopt these techniques to take action. After outsourcing agricultural production to APOS organizations, farmers can rely on their advantages in terms of professional and technical personnel, modern agricultural technology and modern equipment to alleviate the high risk and high cost of technology adoption (Ma et al., 2018). APOS can replace the use of some agricultural chemicals in production to an extent and thus alleviate the ANSP caused by the overuse of such chemicals. In addition, APOS organizations can also cause farmers who are not willing to adopt green agricultural production technologies to use these techniques, change the composition of their agricultural inputs, and reduce ANSP by providing large-scale farmland management and vertical multilink services related to agricultural production.
The immobility of land and the different terrain and areas of land plots all affect the scope, scale, and frequency of service provision by APOS organizations as well as the input and allocation of labor, capital and other factors by farmers. Recently, agricultural labor costs in China have been increasing. Given that the average farm size is small and agricultural machinery suitable for small plots of land is not widely used, land fragmentation hinders the development of the APOS market, generating extremely large costs to coordinate between farmers and APOS organizations. These costs restrict the expansion of the scale of APOS. In addition, APOS organizations also choose to provide their services on relatively flat plots of land, for the cost of service supply is relatively low due to cost and income considerations. Finally, agricultural production requirements include farming, and the natural growth cycles of crops result in the concentration of production times within a few days. APOS organizations may seek to increase the number of times when they provide services and their service area, resulting in a high probability of moral hazard. Land fragmentation may increase this probability and directly affect the efficiency with which agricultural production factors are allocated (Figure 1).
[image: Figure 1]FIGURE 1 | Analytical framework for the effect of APOS on ANSP.
2.2 Model construction
To quantitatively measure the impact of APOS on ANSP in the context of land fragmentation, the following econometric model was constructed:
[image: image]
where [image: image] is the ANSP of the farmer, which is dispersed, random, and difficult to monitor and quantify. [image: image] indicates the extent to which the farmer outsources agricultural production. [image: image] indicates the extent of land fragmentation, [image: image] is a vector of family characteristic variables and of land characteristic variables, and [image: image] is a random disturbance term.
To further investigate the influence of APOS on ANSP in the context of land fragmentation, we follow Zhong et al. (2016) and Lu et al. (2019) and add an interaction term between the number of plots of land and the extent of APOS use to Eq. 1. The sign and significance of the coefficient on the interaction term [image: image] indicates the influence of APOSs on ANSP under different degrees of land fragmentation. The model is as follows:
[image: image]
3 DATA SOURCE AND VARIABLE SELECTION
3.1 Data source
This study examines rice growers in Jiangxi Province (Figure 2) for the following two reasons. First, at present, APOS are mainly used in the production of food crops, and related research on food crops can better identify the development status of APOS and their problems. Second, rice is one of the most important food crops in China. As an important commodity grain base in China, Jiangxi Province is one of two provinces that have provided commodity grains to the country continuously since the founding of the People’s Republic of China. Jiangxi Province is a major grain-producing area located in southeastern China. The total area of cultivated land in the province is 3.08 × 104 km2, accounting for 18.48% of the total cultivated land area in China. ANSP is a serious problem in Jiangxi Province, and the government has adopted many stringent ANSP control measures and other policies. In addition, APOS are prevalent in Jiangxi Province, as is well known throughout the country. Therefore, while this study is based on this particular area, it has important reference value for Chinese control of ANSP.
[image: Figure 2]FIGURE 2 | Location of Jiangxi Province in China and the study area.
The data used in this paper come from the survey “APOS and Rice Production”, carried out by the research group in Jiangxi Province in 2021. There are great differences in regional economic development and geomorphological features across Jiangxi Province. Based on a comprehensive consideration of the baseline level of agriculture in the various regions, Jiujiang city in the north of Jiangxi Province, Ji’an city in the middle were selected as sample areas, with respondents selected through stratified random sampling. Two county was randomly selected from each city, two towns were randomly selected from each county, and four villages were randomly selected from each town, with 10–15 households selected from each village.
Given the research focus of this study, the questionnaire collected the following information: 1) family characteristics, such as the age of the head of the household, his or her education level, the number of workers in the family, whether any household members are village cadres, and the employment status of family members; 2) details on the cultivated land, such as the total area of cultivated land, the number of land plots, the quality of the cultivated land, and whether any farmland had been transferred; 3) the input of factors, such as chemical fertilizers and pesticides, among others, and the use of APOS at different steps in the agricultural production process; 4) the adoption of green production technology, such as organic fertilizers and biological pesticides, by farmers. To ensure the quality of the survey, before the formal investigation, the researchers conducted several intensive trainings with the interviewers, explained the relevant content on the questionnaire, and clarified the meaning of relevant topics. The formal investigation was conducted through face-to-face interactions between an investigator and the farmers, and the investigator completed the questionnaires on behalf of the farmers. This method prevented any misunderstandings that could have arisen if the farmers had completed the questionnaires themselves. After the survey was completed, the questionnaires were examined, cross-checked and compiled. A total of 324 valid questionnaires were obtained.
3.2 Variable selection
(1) Dependent variable. The overuse of chemical fertilizers is an important cause of ANSP in China (National Bureau of Statistics, 2010). The Second Pollution Source Census of China reported that in 2017, the total nitrogen loss from crop farming was 719,500 tons. Drawing on Truog’s nutrient balance theory, this study uses the “excess nitrogen"1 index for agriculturalproduction to quantitatively measure ANSP. Excess nitrogen is the difference between the amount of nitrogen input and the amount required by the crop according to nutrient balance theory. The formula for calculating this excess nitrogen ([image: image]) is as follows:
[image: image]
where [image: image] represents the nitrogen introduced by farmers using chemical fertilizers, and [image: image] represents the nutrients required for the crops to achieve normal economic yields2. It should be noted that the intent of this study is not to accurately measure the total amount of excess nitrogen in agricultural production but only to analyze the behavior of farmers in the context of agricultural labor transfers. Livestock production is mainly affected by the amount of capital available, and the nitrogen emissions from manure are not included in the calculation; furthermore, the nitrogen contributed by the baseline fertility of the soil, agricultural films and irrigation water are not taken into account due to data limitations.
(2) Core explanatory variables. In this study, the outsourcing service fee per ha is used to measure the extent to which farmers outsource their agricultural production. APOS are available for five steps in the agricultural production process: farmland preparation, rice transplanting, fertilization, pesticide application, and harvesting. The number of land plots indicates the level of land fragmentation.
(3) Other control variables. Family characteristics are an important factor affecting the agricultural production behaviors of farmers. According to the theory of farmer behavior and following existing studies (Lu et al., 2022), the age, gender, education level, farming level and non-agricultural training of the household heads are used to measure household characteristics in this study.
4 RESULTS
4.1 Statistical analysis
Table 1 presents the definition and descriptive statistics for each variable. In general, excessive nitrogen is very common in the sample area, with an average of 33.26 kg of excess nitrogen per ha, which further suggests that in China, the application of fertilizer is excessive. This finding is consistent with the conclusions drawn by Qiu et al. (2014), who stated that the application of fertilizer per unit of cultivated land in China has far exceeded both the global average and the optimal amount and that it continues to follow a clear upward trend. The average APOS fee is 2,958 yuan per ha. According to the survey results, there is a great deal of variation in the outsourcing of activities at the different steps of the agricultural production process. The vast majority of farmers outsource farmland preparation and harvesting to APOS organizations, accounting for 57% and 90% of surveyed farmers respectively. However, only 7% of surveyed farmers outsource fertilization and application to APOS organizations. The average retail price for rice is .65 yuan per kg, but farmers generally believe that high-quality agricultural products can receive high prices. The average area of the land under cultivation is 1.41 ha, and the average number of plots is 12.61. Land fragmentation is severe and indicates that most farmers are small-scale and manage fragmented land. In terms of personal characteristics, approximately 95% of the heads of farming households in the sample area are male, with an average age of 57.92 years old. Their main work is agricultural production, and their education level is low, with an average attainment below junior high school. China’s agricultural workers are characterized by aging and part-time employment. A total of 29% of families have a member who is a leader at the village level. These leaders promotes agricultural environmental policies, and families with a leader have a much better understanding of environmental pollution. Half of the farmers have received training in agricultural techniques. Most of the farmers have not adopted green agricultural production technology, as they are in pursuit of stable output and minimum risk.
TABLE 1 | Descriptive statistics.
[image: Table 1]Note: 1) Author’s calculations based on the survey data. 2) * In this study, the extent to which green agricultural production technology has been adopted is measured as a weighted average of farmers’ use of certain technologies. In total, there are five green agricultural production technologies, namely, subsoiling, organic fertilizer, green manure, biological pesticide, and crop straw incorporation. Given that each technology is equally important, the weights are all equal to 1/5. The formula for calculating the index is [image: image], where [image: image] represents the level of green agricultural technology adoption and takes on a value in the range [image: image]. [image: image], and [image: image] or [image: image].
The differences in the levels of the agricultural attributes and individual heterogeneity jointly determine the degree to which farmers outsource their agricultural production. Table 2 shows that the outsourcing of agricultural production is negatively correlated with the input of excess nitrogen, compound fertilizers and carbamide; that is, excess nitrogen, compound fertilizers and carbamide in agricultural production all decrease with an increase in the outsourcing of agricultural production. Crops need to be fertilized several times during a crop growth cycle, and the concentration and composition of each application are different, which makes it difficult for fertilization to be mechanized and standardized; thus, fertilization requires a large amount of labor input. The time-sensitivity of agricultural production reduces the flexibility of agricultural labor input, leading to an increase in the labor constraints on agricultural production. APOS organizations can apply chemical fertilizers for farmers, and their professional and technical personnel can also accurately determine the correct among of chemical fertilizers to apply, thus reducing excessive application. Moreover, APOS organizations can also rely on their own green production factors to cause farmers to adopt green production means and reduce the input of compound fertilizers and carbamide. An increase in the number of plots of land leads to an increase in the input of excess nitrogen, compound fertilizers and carbamide in agricultural production. In China, more land plots mean smaller plots, a less efficient use of modern agricultural machinery, and longer travel times between land plots. To reduce the input of labor, farmers tend to reduce the frequency with which they apply compound fertilizers and carbamide and increase the amount used in each application so as to compensate for the adverse impact of labor shortages and the inefficiency of agricultural machinery in applying fertilizer, resulting in an increase in excess nitrogen.
TABLE 2 | Outsourcing, land fragmentation and excess nitrogen (Unit: kg/ha).
[image: Table 2]4.2 Empirical analysis
4.2.1 The impact of agricultural production outsourcing service and land fragmentation on agricultural non-point source pollution
Stata 15.0 software was used to quantitatively estimate the impact of APOS and land fragmentation on excess nitrogen (Table 3). The Wald test statistic for the two models is significant at the 1% level, indicating that the estimated results of the model are good overall and that the model has strong explanatory power. The average variance inflation factor (VIF) values for model 1 and model 2 were 1.28 and 3.85, respectively, indicating that there is no multicollinearity in the model. The Breusch–Pagan test results indicate that the assumption of homoscedasticity can be rejected and are significant at the 1% and 10% levels, respectively. Therefore, a weighted least squares (WLS) model is used to estimate the regression in order to obtain a consistent estimator.
TABLE 3 | Effects of land fragmentation and APOS use on excess nitrogen.
[image: Table 3]The column labeled Model 1 in Table 3 presents the regression results without controlling for the number of land plots or its interaction with APOS. The impact of APOS on excess nitrogen is significantly negative at the 5% level; i.e., the more farmers outsource their agricultural production activities, the lower their excess nitrogen is. APOS organizations can complete different agricultural production steps, such as farmland preparation, sowing, rice transplanting, fertilization and pesticide application, for farmers. By outsourcing agricultural production activities to APOS organizations, farmers can directly reduce the cost of purchasing agricultural machinery independently and the labor needed to operate such machinery. Moreover, APOS organizations can purchase environmentally friendly agricultural production factors and are able to rely on their technical personnel and modern agricultural equipment to shift farmers away from excessive factor inputs, reduce negative externalities and reduce excess nitrogen. This conclusion is the same as the conclusion of Yang et al. (2020). He also founded that APOS has a significant negative effect on the input of pesticides and fertilizers, and with the deepening of APOS, the lower the level of the input of pesticides and fertilizers. The impact of the number of land plots on excess nitrogen is significantly positive at the 1% level. At present, agricultural benefits of managing fragmented land are declining, and farmers’ enthusiasm for agricultural production is also declining. Chemical fertilizers need to be applied several times during a crop cycle. To reduce labor costs, it is optimal for farmers to reduce the number of times that they apply fertilizer and increase the amount of fertilizer applied each time, resulting in an increase in excess nitrogen.
The column labeled Model 2 presents the regression results regarding increases in the number of land plots and its interaction term with APOS. The coefficient on the cross term is significantly positive, indicating that an increase in the number of plots of land reduce the negative effect of APOS on excess nitrogen. This result is also the same as the conclusion of Liu et al. (2019), that is, whether APOS can be effectively supplied and have an influence on agricultural green production will be constrained by farmers’ farmland size. Land fragmentation increases the cost of supplying APOS, which hinders the expansion of the outsourcing service area and reduces the negative effect of APOS on ANSP. The immobility of land and the different terrain and areas of individual plots all affect the cost, scope, area and frequency of service provision by APOS organizations: APOS organizations may choose to provide their outsourcing services to farmers with larger-scale farmland, where economies of scale can be obtained. Zhang and Luo (2020) found that the higher the degree of APOS of farmers, the stronger the promotion effect of land plot size and farmland scale on reducing fertilizer application.
The impact of the price of rice on excess nitrogen in agricultural production is significantly positive. Price affects farmers’ enthusiasm for agricultural production. Rice planting is susceptible to weather and other aspects of nature, resulting in highly uncertain yields and strong risk avoidance among farmers. For elderly farmers in hilly and mountainous areas who are pursuing maximum yields, additional applications of chemical fertilizers are an important means of avoiding risk, resulting in excessive fertilization and aggravated ANSP. The impact of expecting a high price for high-quality agricultural products on excess nitrogen was negative. When farmers generally believe that high-quality agricultural products will receive a better price, it becomes rational to apply less chemical fertilizer or use organic fertilizer. As the composition of consumption among China’s urban and rural residents improves and the supply-side structural reform of agriculture intensifies, consumer demand for high-quality agricultural products will continue to increase. Agricultural policy in China has also shifted from a focus on yield increases to quality improvements. The agricultural production by farmers is expected to gradually shift from a pursuit of increased yields to a pursuit of higher quality and safer products to meet consumer demand and to maximize long-term agricultural benefits. Lu et al. (2019) also believed that the ultimate goal of agricultural production is to pursue maximum agricultural returns, and the pursuit of quality will become a priority for agricultural production when the market can achieve good quality and good prices for agricultural products. Green production technology plays a significant role in reducing excess nitrogen. The use of green agricultural production technology can somewhat reduce the input of traditional chemical fertilizer and excess nitrogen to a certain extent. The influence of agricultural training on excess nitrogen is significantly negative. Agricultural training is an important method for increasing farmers’ scientific knowledge about fertilization and encouraging them to adopt environmentally friendly agricultural production, thus reducing ANSP. Agricultural production needs vast farmland, and production cycles require continual outdoor work, which requires corresponding physical support. The tendency of farmers to use more chemical fertilizers in order to alleviate physical limitations increases with age. Leaders, as the implementers of policy in China, have a stronger awareness of ANSP, and households with village-level leaders have less excess nitrogen in their agricultural production. In addition, farmers’ emotional attachment to their farmland decreases with an increase in non-agricultural employment, causing them to rely more on traditional chemical fertilizers.
4.2.2 Robustness analysis
To test the robustness and reliability of the estimation results, the use of APOS in the town and county where the farmers live is used as a proxy variable in the empirical analysis. The extent to which agricultural production is outsourced in the town and county mainly depends on the external market. In terms of grain production, APOS have positive externalities, and the use of APOS within the town and county can influence whether farmers outsource their agricultural production by demonstrating their effects; thus, this variable satisfies the relevancy requirement. Therefore, the use of APOS in the town and county where the farmer lives can be tested as a proxy variable for the use of agricultural production outsourcing by farmers.
Table 4 shows that the more agricultural production is outsourced in the town and county, the lower the excess nitrogen is. This conclusion is consistent with the estimation results for Model 1 and Model 2 in Table 3. The cross-term coefficient between the use of APOSs in the town and the number of land plots is significantly positive, indicating that land fragmentation reduces the negative effect of APOSs on excess nitrogen, which is consistent with the estimation results from Model 2 in Table 3 and further verifies their robustness. The coefficient on the cross-term between the use of APOSs in the county and the number of land plots in the county is insignificant. One possible reason is that the use of APOSs in the county does not demonstrate their effectiveness to village-level farmers. According to the survey, there are great differences in the planting structures and topography of the different villages, which leads to great differences in the ability of APOS use at the county level to demonstrate the effectiveness of outsourcing in the different villages.
TABLE 4 | Effects of land fragmentation and APOS use on excess nitrogen (substitution of explanatory variable).
[image: Table 4]4.2.3 Mechanism analysis
According to the analytical framework for this study, given the limited amount of labor, modern agricultural equipment and technology, farmers outsource part of their agricultural production activities to APOS organizations to relieve the constraints on labor, capital and technology in their agricultural production. APOS affect land transfers among farmers and reduce the amount of compound fertilizers and carbamide per ha through changes in the scale of farmland under management. In addition, APOS organization can also drive farmers to adopt green agricultural production technologies and reduce the ANSP caused by traditional chemical fertilizer application. Therefore, this study tests whether the amount of compound fertilizers and carbamide used per unit ha and farmers’ adoption of green agricultural production technology are mechanisms underlying the observed relationship between APOS use and excess nitrogen.
The results in the columns labeled Model 7 and Model 8 in Table 5 show that the effect of APOS on the amount of compound fertilizers and carbamide used per ha is significantly negative. APOS reduces farmers’ input of chemical fertilizer, and with an increase in APOS use, the input of chemical fertilizers decreases. Relying on their professional and technical personnel and modern agricultural equipment, APOS organizations can master the effect of fertilization given different timings for fertilization and can provide farmers with more targeted fertilization applications and frequencies, thus improving the effect of fertilization and reducing the amount of compound fertilizers and carbamide used per ha. In addition, APOS organizations can screen and use different chemical fertilizers and can also improve the efficiency of fertilization and reduce excess nitrogen by reducing excessive applications of fertilizer. The results presented in the column labeled Model 9 show that APOS use significantly increases the adoption of green agricultural production technology among farmers, which is consistent with the findings of Lewis and Pattinasarany (2009), and this paper believed that APOS can promote farmers to adopt environment-friendly technologies and reduce chemical fertilizer application.
TABLE 5 | Analysis of the mechanisms underlying the effect of APOS use on ANSP.
[image: Table 5]5 CONCLUSION AND IMPLICATIONS
ANSP, which is primarily caused by fertilizer runoff from farmland, has led to many concerns. APOS use is an important form of agricultural production in China, and this study examines whether APOS use has effectively reduced ANSP. Using the microsurvey data on farmers in Jiangxi Province, China, this paper is the first published paper to answer the following questions: 1) Does APOS use reduce excess nitrogen? 2) Does land fragmentation play a role in reducing the positive impacts of APOS use on ANSP? This study develops an econometric model and statistically analyzes the impact of APOS use and land fragmentation on excess nitrogen. The evidence presented in this paper points to an important relationship: excess nitrogen and the input of compound fertilizers and carbamide in agricultural production all decrease with an increase in the ANSP. We also find that APOS use can significantly reduce excess nitrogen in agricultural production. Land fragmentation leads to increased excess nitrogen and reduces the negative effect of APOS on excess nitrogen. In addition, APOS affects excess nitrogen by reducing the input of chemical fertilizer and promoting farmers’ adoption of green agricultural production techniques. This paper scientifically identified the implication of land fragmentation on the relationship between APOS and the use of excessive nitrogen. It is a marginal contribution to the existing research on ANSP in China.
These findings have important implications for future ANSP control in China. First, the government should increase the policy support for APOS and thereby strengthen the role of APOS in reducing ANSP. It is necessary to strengthen the supervision of contracts between APOS organizations and farmers and to improve the standardization of outsourcing service activities. Moreover, it is also necessary to improve farmers’ enthusiasm for outsourcing the production activities in agriculture, and to ultimately reduce ANSP. Given the heterogeneity in the different activities of agricultural production, policies meant to support different AOS should be different. Service behaviors should be standardized for those steps that require relatively intensive technology use, such as chemical fertilizer and pesticide application, so as to encourage farmers to outsource more of agricultural production activities to APOS organizations. Second, large agricultural machinery are difficult to operate independently on scattered and fragmented land. The government should strengthen policy support for the construction of field roads, water conservation and irrigation, and other land infrastructure and should strive to centrally manage scattered land, so as to reduce the constraints imposed by land fragmentation and increase the positive role of APOS use in reducing ANSP. Third, China cannot ignore the important role of farmland scale management in the modernization of its agricultural production and should continue to focus on standardizing the market for the farmland transfer, reducing farmland transfer costs, and coordinating the balanced development of farmland scale management and APOS. Fourth, the government should give more guidance to the collective actions of farmers in agricultural production and ensure that the same crop varieties are planted on contiguous plots so that the scale of APOS can increase. APOS organizations can unite small-scale farmers who do not participate in farmland transfers by not changing the contracted rights of farmers. Therefore, we should focus on the production needs of small-scale farmers and improve their awareness of collective action in agriculture, create favorable conditions for expanding the scale of APOS and thus reduce ANSP.
There are also some limitations to this study. APOS organizations with different forms of contracts, such as single-step contracts, multistep contracts, whole-process production trusteeships, and other service organization models, have different goals and organizational forms such as “APOS organizations + new types of agricultural businesses + farmers”. Outsourcing service mechanisms such as agricultural production factor services and agricultural technology services may have different impacts on ANSP. Limited by the quality of the survey data, the problems of APOS organizations with different forms of contracts are not analyzed in this study but should be brought into the analytical framework for APOS studies and further discussed in the future to help the research conclusions and relevant policies be more targeted.
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