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Abstract

:

Along with the increasingly prominent contradiction between agricultural development and a healthy ecological environment, the adoption of agriculture green production (AGP) methods has become an important measure to reduce excessive pesticide application, avoid ecological environmental pollution and promote sustainable agricultural development. However, few studies have explored the impact of green production behaviors on the revenue effect from the perspective of outsourcing services, and existing studies have not subdivided outsourcing into multiple categories to examine their impact. In this study, the first-hand data of 447 rice farmers in Ningxia and Shaanxi in northwest China were collected. By using the endogenous switching regression model (ESR), we focuses on the influence of rice farmers’ AGP behaviors on their income effect, and analyzed whether outsourcing service categories can promote rice farmers’ AGP behaviors and income. The results showed that outsourcing services significantly promoted AGP behaviors and the income of rice farmers. Specifically, outsourcing pesticide application showed the greatest effect on the reduction of pesticide usage, rice harvesting after a safe interval after pesticide application, and the income of rice farmers; weeding and harvesting outsourcing had less effect. These indicate that outsourcing services can improve environmental and economic benefits by reducing pesticide input costs, to promote rice farmers to engage in AGP behaviors. Moreover, green production behaviors help to increase the income of rice farmers. If rice farmers who have not implemented AGP conduct physical control behaviors, their income will increase by 23.110%; the reduction of pesticide application ranks the second, and their income will increase by 5.970%. The implementation of rice harvesting at the safe intervals after pesticide application had the lowest degree of improvement, and the farmers’ income will increase by 4.505%. The study provides data for promoting outsourcing services and AGP in developing countries. Therefore, the government should further improve outsourcing services and AGP policies to maximize the income of rice farmers in low- and middle-income areas.
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1. Introduction


In China, there are about 158 million rice farmers, accounting for 64.0% of the total number of farmers, so improving the income of rice farmers has become an important part of agricultural economic development [1]. However, excessive application of pesticides in rice production is often regarded as a key means to improve the income of rice farmers, which makes the contradiction between agricultural development and a healthy ecological environment increasingly prominent [2,3]. Huang et al. (2021) investigated the impact of pest control ability on pesticide overuse and pointed out that the pesticide overuse rate in rice production of China was as high as 57%, 2.5–3.7 times that of developed countries [4]. Excessive use of pesticides not only aggravates the three-dimensional pollution of water, soil, gas, and the ecosystem, but also increases the probability of people getting various chronic diseases. Therefore, how to effectively solve the environmental pollution, safety and health problems caused by excessive application of pesticides has become a top priority in improving quality of rice and increasing farmers’ income in China’s agricultural green development, which would further promote the transformation and high-quality development of agricultural green production (AGP).



Agricultural green production has become an effective way to improve the income of rice farmers and solve the problems of food security and damage to the ecological environment in China. It is a kind of sustainable production strategy for saving resources and protecting the agricultural ecological environment through reducing the chemical input before, during, and after production [5,6,7,8,9,10]. Among the strategies for this production mode are the reduction of pesticide usage and adoption of biological fertilizer. The usage of pesticides is reduced or even replaced to achieve the purpose of safe production by using physical control methods such as insecticidal lamps, sex attractants, and biological pesticides, combined with a series of green control technologies like tending and harvesting rice at the safe intervals of pesticides [11,12].



To curb the excessive use of chemical pesticides and improve AGP behaviors, the Chinese government has released a series of policy documents. For instance, the No. 1 Document of the Central Committee of 2021 proposed to continuously promote the reduction and efficiency improvement of chemical fertilizers and pesticides and promote the green prevention and control technology for crops. In the same year, the Ministry of Agriculture and Rural Affairs issued the Opinions on Promoting Green Development of Agriculture aiming to reduce the use of chemical fertilizers and pesticides and promote the high-quality development of agriculture. However, the effect of this policy on the rice planting practice is not obvious, mainly because rice farmers’ awareness of AGP is insufficient, which leads to excessive pesticide application. Outsourcing services provide solutions for rice farmers to prevent pesticide abuse due to lack of knowledge and skills. By 2021, the outsourcing rate of agricultural services in China reached 41.9%, an increase of 8.9% over 2015 [13,14]. Outsourcing services refers to transferring some agricultural production processes to third-party service organizations by taking advantage of the professionalism and separability of agricultural production processes, which could replace the manual production with more advanced mechanized equipment. It is regarded as an important management strategy to improve agricultural production efficiency [15,16]. Therefore, this study explored the impact of rice farmers’ green production behavior on their income from the perspective of outsourcing services, which has important practical significance and theoretical value.



Previous studies have proved that AGP has an important impact on farmers’ income. The adoption of AGP practices can increase agricultural net income by saving the cost of pesticide use and increasing crop yield [17,18,19]. For example, Biru et al. (2020) pointed out that adopting AGP technology can help reduce farmers’ poverty and add economic benefits [20]. Pratama et al. (2019) took Indonesian cocoa farms as an example and found that AGP practices increased crop yield and thus farmers’ income [21]. Reganold et al. (2016) found that green organic agriculture increased the profit margin by 22–35% compared with conventional agriculture based on a 40-year comparison of green organic and conventional agriculture covering 55 crops in five continents [22]. Green production can increase farmers’ income through the improvement of the comprehensive use of land, technology, and other means of production, and the reduction of the total input cost to the production process [23,24,25,26]. However, most of the existing literature focuses on the growers of cash crops such as vegetables and fruits, while the topic of whether AGP behaviors has an impact on rice farmers’ income still needs further detailed investigation.



In addition, as an important way to reduce farmers’ production costs, promote agricultural production efficiency, and increase farmers’ income, outsourcing services have also attracted attention in some research. Outsourcing services can make up for the shortage of farmers’ time and technology endowment, effectively improve agricultural productivity, increase crop yield, and improve farmers’ production and the operation income [27]. The welfare effects of outsourcing services on cotton farmers in Xinjiang, China and farmers in South Africa has been confirmed [28]. Because there are great differences in constraints and objective functions among different types of crops, the impact of outsourcing services on rice farmers is still unclear. Cai et al. (2021) focused on analyzing the major factors affecting outsourcing services based on the study of rice farmers in Fujian, China [29]. Nonetheless, whether outsourcing services can promote AGP behaviors and income of rice farmers is still unanswered. In addition, outsourcing the service of production processes is helpful to improve the efficiency of agricultural production and improve the welfare of agricultural business entities [30]. Outsourcing services apply in the whole process of rice production, including soil preparation, sowing, pest management and harvesting, etc. Some scholars divide outsourcing services into prenatal agricultural materials supply, mid-production technical services, and post-production sales services, and discuss farmers’ willingness to use outsourcing services [31,32]. However, most of the existing studies only took “whether to take outsourcing behaviors” as a whole variable, or only focused on the pest and disease processes of outsourced services. Few people have paid attention to the influence of outsourcing services during production on AGP behaviors and income. To make up for this defect, this study divided the outsourcing services into those for pesticide application, weeding, and harvesting, to better evaluate whether the specific outsourcing services affect the implementation of AGP behaviors of rice farmers and their income.



Based on the above, this study analyzed the impact of outsourcing services on rice farmers’ AGP behaviors and income. The specific objectives were as follows: (1) Explore how AGP behaviors of rice farmers affected their income. (2) Whether outsourcing services can promote rice farmers’ AGP behaviors and further affect their income was deeply studied. (3) Provide data for the relevant government departments to formulate policies that understand the outsourcing services and the characteristics of green production behaviors of rice farmers. The main contributions of this study were as follows: (1) It confirmed the positive impact of rice farmers’ AGP behaviors on income and supplements the existing evidence on the research of the influencing factors of rice farmers’ income. (2) It analyzed the promotion of outsourcing services on AGP behaviors and income of rice farmers. The conclusion has a certain value for promoting outsourcing service promotion and green production decision of rice farmers. (3) Using the ESR model to analyze the income difference between rice farmers’ choice and non-choice of AGP behaviors, the results are more comparative.




2. Theoretical Analysis Framework


2.1. Theoretical Analysis of the Impact of Outsourcing Services on AGP Behaviors of Rice Farmers


Agricultural outsourcing takes advantage of the specialization and separability of agricultural production processes, transfers part of agricultural production processes to third-party service organizations and replaces manual production with more advanced mechanized equipment [33]. Mechanization of weeding in production helps to reduce chemical input and increase yield [34,35]. Mechanized outsourcing services can accurately grasp the time and frequency of pesticide application, which is helpful to reduce the requirements of agricultural production on farmers’ production skills. Farmers hand over the harvesting process to specialized service organizations, to save production costs and improve the utilization efficiency of agricultural production factors [28,36]. Based on this, this study divided the production outsourcing services into pesticide application, weeding, and harvesting.



Outsourcing service organizations have a strong ability to collect and identify factor information, and can use professional knowledge to apply pesticides scientifically, thus reducing the possibility of excessive application [37]. The rice farmers with higher awareness of outsourcing services will choose whether to use them based on their own knowledge and the principle of maximizing family interests. Rice farmers receive training and guidance in agricultural production from outsourcing institutions, which can help them understand agricultural technology and production information, thus having a relatively objective and rational cognition of agricultural production links and prompting rice farmers to choose outsourcing services. When rice farmers choose outsourcing services, part of the original cost of purchasing chemical inputs will be converted into service fees to be paid to outsourcing organizations, which will have a “crowding out” effect on chemical input costs and help rice farmers to implement AGP behaviors [38]. In addition, rice farmers cannot guarantee the harvesting of rice at a safe interval after pesticide appliction during field management due to the increase of non-agricultural employment opportunities, which makes it easier to increase chemical input to avoid the risk of yield reduction [39]. Outsourcing services can help alleviate the threat of labor migration to the delay of rice management, ensure the timeliness of rice field production to achieve the optimal allocation of resources, and achieve a higher probability of AGP.




2.2. Mechanism of the Effect of AGP Behaviors on Rice Farmers’ Income from the Perspective of Outsourcing Services


The AGP behaviors of rice farmers regarding pesticide application refers to avoiding or reducing the application of various pesticides (pesticides and herbicides), adopting biological control methods combined with tending the crop, improving the comprehensive prevention and control of diseases and insect pests in safe intervals during rice harvesting, and finally ensuring that rice is free of pesticide residues during sales [40]. The income of rice farmers in agricultural production mainly comes from agricultural operations, therefore, changes in production input and factor allocation have a significant impact on the income of rice farmers. The changes in factor allocation mainly include changes in pesticide use and capital input structure. The use of AGP behaviors by rice farmers during pesticide application can reduce the total cost of pesticide input and realize a cost saving and increase income. The price of AGP technology is generally higher than that of ordinary agricultural products. Harvesting rice at safe intervals after pesticide application is the key to ensure that rice is free of pesticide residues, which is helpful to improve the rice quality and safety, and thereby increase the selling price of rice and affect the income of rice farmers. The adoption of physical control measures by rice farmers will affect rice quality and can result in higher sales profits through the market mechanism of high quality with better price, thus increasing the income of rice farmers. Therefore, based on the research of Luo et al., Ma et al. and Hu et al. [41,42,43], combined with the actual production situation in the investigation area, this study selected “whether there is the behavior of reducing pesticide application”, ”whether there is the behavior of harvesting rice at safe intervals after pesticide application” and ”whether there is the behavior of physical control” as the variables indicative of green production in the process of pesticide application.



When rice farmers have a complete or a fairly rich knowledge of their environment, they will analyze the costs and benefits before taking action [44], and use their own knowledge and experience to maximize pursuit of their interests as much as possible. Therefore, the decisions of rice farmers engaged in AGP depends on their subjective perception judgment and value evaluation after weighing and comparing the costs and benefits. The resultant high effect on income can improve the sustainability of their AGP behaviors. The conflict between production reality and the rational pursuit of rice farmers who are eager to implement AGP by reducing pesticide application, means they cannot achieve the goal due to the limitations of their own production level and cognitive ability [45]. However, outsourcing services provides a solution for rice farmers to avoid the overuse of chemical inputs due to lack of knowledge and skills and helps them understand AGP knowledge to obtain tangible and intangible resources [29,33]. When rice farmers have a rich knowledge about AGP, they will improve their awareness of green production and form value judgments on green production, so as to choose outsourcing services to promote AGP under the trend of production interests. At the same time, rice farmers choosing outsourcing services can replace the direct investment in production, which could realize the scale economies through farmland-scale operations, thus reducing chemical input and production costs but increasing their income [46].



Based on the above analysis, this study built a flow diagram of the impact of AGP behaviors of rice farmers on income from the perspective of outsourcing services (Figure 1). The theory of “economic man” clearly clarifies the path and mechanism of decision-making for the rice farmers, that is, external conditions → value evaluation → investment decision → income effect. This indicates that rice farmers evaluate the promotion of AGP behaviors on income according to their own situation from three considerations: reducing pesticide application, harvesting rice at safe intervals after pesticide application, and physical control behaviors. In addition, rice farmers choose outsourcing services through value evaluation, including three key explanatory variables: pesticide application outsourcing, weeding outsourcing, and harvesting outsourcing, which affect rice farmers’ AGP behaviors and income.





3. Materials and Methods


3.1. Study Area and Data Source


The selected areas in this study are located in Pingluo County in Ningxia and Yangxian County of Shaanxi Province, China (see Figure 2). The temperature difference between day and night in the rice growing season in Northwest China is 11~16 °C, which is the largest in China. The productivity of single-cropping rice is 700~950 kg/mu, ranking first in China. The reasons for choosing the areas were as follows: (1) Planting conditions are superior. Ningxia Hui Autonomous Region is in the middle and upper reaches of the Yellow River in northwest China. The special climate has made Pingluo a land of fish and rice in northwest China since ancient times. It has the reputation of “the Oasis Beyond the Great Wall”. Shaanxi Province is in the middle reaches of the Yellow River in northwest China. In this area, the daily average temperature is 23 °C, the daily average solar radiation is more than 16 MJ/m2, and the average relative humidity is 80.67%. All three indexes meet the climatic and ecological conditions for producing high-quality rice. (2) Rice yield ranks at the forefront for northwest rice region. In 2019, the total rice output in Ningxia was 550,900 t, ranking third in the northwest rice region. The total rice output in Shaanxi was 803,700 t, ranking second in the Northwest Rice Region. (3) The development of green organic rice is relatively mature. Pingluo County is the main rice producing area in Ningxia, which belongs to a temperate arid climate, with annual sunshine hours of 3072 h and annual average precipitation of 184 mm. Pingluo County produced 121,000 t of rice in 2019, accounting for 21.96% of Ningxia’s total rice output. The mechanization level of rice production in Pingluo County is over 98%, and 90% of rice farmers grow green organic rice in fertile fields every year. The main product of “Ningxia Rice” reflects the geographical indication of agricultural products in China. High-quality rice is one of the major characteristic industries in Pingluo County, Ningxia. Yangxian County, located in the Hanzhong Basin, is an important rice producing area in Shaanxi Province. In 2019, the total rice output was 140,000 t, and the main product of “Yangxian Black Rice” was a regional public brand. It is worth mentioning that the Ningxia’s regional economy is relatively backward, and rice is the main source of farmers’ income in Pingluo County of Ningxia. The rice yield in Shaanxi Province is relatively high, but the economy in this area is relatively developed, and rice farmers have various sources of income.



The data for this study came from survey data on the green production of rice in Ningxia Province and Shaanxi Province conducted by the research group in October 2021. Drawing lessons from the research methods of Inacio et al. [47] and Ahmad et al. [48], two sample counties, Pingluo County in Ningxia, and Yangxian County in Shaanxi Province, were selected for multi-stage stratified sampling. Multi-stage stratified sampling refers to the process being carried out in stages. First, the population is divided into several sub-populations (i.e., first-order units), and then the first-order units are divided into several smaller units (i.e., second-order units), which are divided in turn and selected as investigation units according to the principle of randomness. Considering the convenience of data collection, it was distributed proportionally according to multi-level stratification. Based on this, 455 rice farmers were identified as the research sample. Five towns with three villages in each town were randomly selected in each county, where 10 towns with 30 villages were included. Furthermore, 15 rice farmers in each village were selected for interviews to understand their specific situation. The questionnaire was designed by three PHD candidates and experts in the field of AGP practices of farmers. Based on the “China Rural Statistical Yearbook-2019” issued by the National Bureau of Statistics of China [49], the main evaluation criteria were the personal characteristics, family characteristics, green production and outsourcing of rice farmers. To ensure the rationality of the questionnaire, the research group conducted a preliminary test in the surrounding villages of Pingluo County and Yangxian County before the formal investigation. After that, two professors, three PhD candidates, and seven master students in related research fields, were invited to revise and supplement some interview questions. The formal questionnaire was finally formed after the discussions, which included the characteristics of rice farmers, the basic situation of families, the outsourcing services for each production process, the degree of green rice production, and the income from rice planting.



It should be noted that most of the subjects in this study were villagers who only speak local dialects. To maximally avoid the errors caused by language differences, the research group recruited local graduate students. Moreover, all researchers received unified professional training and simulated interviews to avoid misunderstanding in face-to-face communication before the formal investigation. The contact information of rice farmers was reserved after the questionnaire was completed, to check the information during the follow-up inspection. Finally, the collated data were inputted into a special database. A total of 455 questionnaires were distributed in this survey. After eliminating the samples with invalid and missing key variables, 447 valid questionnaires were obtained, accounting for 98.24% of the total samples. Among them, there were 238 and 209 samples from Pingluo County, Ningxia and Yangxian County, Shaanxi, accounting for 53.24% and 46.76% of the total, respectively.




3.2. Variable Selection


In this study, the implementation of AGP behaviors in 2020 and the net income of rice farmers were taken as explanatory variables. Three kinds of AGP behaviors were selected in the process of rice planting: reducing pesticide application, harvesting rice at safe intervals after pesticide application, and physical control behaviors. When rice farmers adopted one of the AGP behaviors, the variable was 1, otherwise it was 0. In addition, the net profit of rice sales of rice farmers in 2020 was selected to measure the income effect. Rice production costs mainly include seed production, pesticide (insecticide, herbicide), labor, and so on. Rice production income was the net profit value of actual sales income minus production cost.



The core explanatory variable was the outsourcing service of rice farmers in production. An outsourcing service is to contract a certain process of agricultural production to others, to liberate the labor force. Outsourcing of production processes can improve the cost efficiency of rice production by replacing family labor, and then increase the income of rice farmers [29]. Based on the research results of Zhang et.al. [34] and Freddy [50], this study also selected the outsourcing service of pesticide application, weeding and harvesting. If the sampled rice farmers chose a certain process to outsource during rice production, the variable value of that process was assigned to 1, otherwise it was assigned to 0.



In addition, as the key subject of AGP, farmers’ decision-making behavior, is influenced by many factors, previous studies have mainly discussed the influence of the individual [51], the family [52] and cognitive characteristics [53] on AGP and income. This study selected rice farmers’ characteristics, family characteristics, rice farmers’ cognition and regional dummy variables as dimensions, and set 12 indicators as other explanatory variables. Among them, the characteristics of farmers included four variables: age, gender, education level, and party members. Family characteristics included five variables: planting number, planting time, laborers, rice planting area, and land fragmentation. Rice farmers’ cognition included two variables: safety risk cognition and AGP cognition. Considering the differences in rice farmers’ cognition, the questionnaire was combined with a Likert five-level scale, and the value was between 1 and 5. The regional dummy variable was whether it was in Ningxia. A question in the questionnaire to measure the regional dummy variable of rice farmers was set as follows: “Is your rice planting area in Ningxia?” If the rice farmer answered “yes”, the value was assigned to 1; otherwise, the value was assigned to 0.



Finally, this study also selected instrumental variables to deal with endogenous problems. In this study, whether there are diseases and insect pests in rice and regional altitude were taken as the tool variables to the AGP model. In the process of rice planting, the value of diseases and insect pests was 1, otherwise it was 0. The altitude of the rice area was logarithmic. The main reasons for choosing these two kinds of instrumental variables were as follows: (1) Whether there are diseases and insect pests and the altitude of the region only affects the AGP behaviors of rice farmers, but not the final rice income. (2) Regional altitude can affect the growth and development of rice and the status of diseases and insect pests by affecting the temperature. When the incidence of rice diseases and insect pests is high, rice farmers tend to take pesticide application behaviors to resist the risk of yield loss.




3.3. Data Collection and Analysis


To test the stability and reliability of the collected data, SPSS27 software was used to analyze the reliability and validity of the data. Reliability analysis was used to measure whether the answer results of the samples were true and reliable. By adopting the same method to repeatedly measure the same object, the results were consistent. Cronbach’s Alpha above 0.7 indicates that the questionnaire data has good reliability [54,55]. Validity analysis focused on the validity of the information measured by the questionnaire, and confirmatory factor analysis (CFA) was used to judge whether the results were reasonable or not. A Clonbach coefficient of 0.778 can be considered as indicating good internal consistency. The KMO sample adequacy measure and the Bartlett sphericity test for the 22 observed variables show that the KMO value was above 0.8 and the significance level was less than 0.001, which shows that the questionnaire had good convergence validity. Based on this, we used the statistical software Stata15.1 to carry out empirical analysis of the data for each variable. The descriptive statistical data for each variable in this study are shown in Table 1.




3.4. Research Method


In this study, the endogenous switching regression model (ESR) was used to test the influence of green production on the income of rice farmers. Proposed by Lee [56] and Maddala [57], it is a modification of the Heckman selection model, which can only study the relationship between two variables and has sample selection bias. It is used mainly to avoid observable and unobservable factors and solve the selectivity bias and endogenous problems. It can comprehensively consider the selectivity deviation of choosing rice farmers with AGP and the heterogeneity of the two groups of people who choose them and can obtain effective consistent estimators. In the first stage, the endogenous switching regression model can effectively estimate the impact of outsourcing on the AGP decision of rice farmers, and in the second stage, it can effectively estimate the impact of outsourcing on the income of rice farmers who choose AGP or not, which is an ideal research method suitable for this study.



In this study, rice income is the product of the sum of rice yield and rice price subtracted by the rice input cost, and the effect on rice income of rice farmers is an output function influenced by many factors. The specific equation expression is shown in (1):


  y = f  (  G , O , X , θ  )  + ε  



(1)







In Equation (1), y represents the rice income of rice farmers;  G  means AGP of rice farmers,  G  = 1 means that rice farmers implement AGP,  G  = 0 indicates that rice farmers do not implement AGP.  O  indicates the outsourcing service of each process that affects the income of rice farmers, mainly including pesticide application outsourcing, weeding outsourcing and harvesting outsourcing;  X  indicates that the family and regional dummy variables affecting rice farmers’ income, mainly including personal characteristics, family characteristics, rice farmers’ cognition and regional dummy variables;  θ  represents the parameter vector to be estimated;  ε  is a random error term, and the distribution of the random error term satisfies   E  ( ε )  = 0  .



3.4.1. Econometric Model


The expected output of rice farmers’ income from rice can be defined as   E  ( y )  = f  (  G , O , X , θ  )   . Based on this, this paper takes rice farmers’ income from rice as the explanatory variable and analyzes the influence of rice farmers’ AGP behaviors on rice income. The choice of behavior by the rice farmers accords with the hypothesis of the rational economic man, so different degrees of AGP are carried out from the perspective of outsourcing services to maximize their effect. Assuming that the potential income of the rice farmer    i    from implementing AGP is    G  i a  *   , the potential benefit of not implementing AGP is     G  i n    *   . Then the conditions for rice farmer    i    to implement AGP are as follows: the potential revenue     G  i a  *     obtained by rice farmer with AGP is greater than the potential revenue     G  i n  *     obtained by rice farmer without AGP. It can be seen that     G *     can not be directly observed, but it can be expressed as an observable exogenous variable function, that is, the equation expression of rice farmers’ green production model is (2):


    G *  = ∅  Z i  + μ     with    G i  =  {      1 ,  G i *  > 0       0 ,  G i *  ≤ 0         



(2)







In Equation (2),    G *    represents the unobservable variable of AGP of rice farmers;    G  i       represents the observable variable of AGP of rice farmers;    Z i    represents other exogenous variables affecting AGP of rice farmers;  ∅  represents the parameter vector to be estimated,    μ i    represents the random error term.



Based on the above analysis, to measure the influence of AGP on the rice income of rice farmers, the following rice income model equation of rice farmers is constructed as (3):


  L n  Y i  = β  G i  + γ  O i  + δ  X i  =  ε i   



(3)







In Equation (3),   L n  Y  i       represents the logarithm of rice income of rice farmers;    G i    represents the AGP of rice farmers;    O  i       represents the impact of outsourcing services on AGP of rice farmers;    X i    represents the household head characteristics, rice farmers’ cognition, family characteristics and regional dummy variables that affect rice farmers’ rice income;   β , γ , δ   represents the coefficient to be estimated;    ε i    represents the random error term. From Equation (2), it can be seen that the AGP behaviors variable    G i    of rice farmers is an endogenous variable. If the ordinary least square method is used to estimate the effect of AGP on rice income of rice farmers, the result analysis is biased. Unobservable variables may affect the random error terms of Equations (2) and (3), which leads to the correlation of error terms in simultaneous equations. If the existence of selectivity bias is ignored, the estimation results will be biased. Although propensity-score matching (PSM) can solve the problem of selectivity bias, propensity-score matching can only deal with the bias of observable variables. Endogenous switching regression model (ESR) can effectively solve the problem of sample selection bias caused by observable variables and unobservable variables.



The equation expressions of rice income models corresponding to whether rice farmers implement AGP or not can be seen in the Equation (4a) and (4b), respectively:


  L n  Y  i a   =  γ a   O  i a   +  δ a   X  i a   +  σ  μ a    λ  i a   +  ε  i a   ,   i f    G i  = 1  



(4a)






  L n  Y  i b   =  γ b   O  i b   +  δ b   X  i b   +  σ  μ b    λ  i b   +  ε  i b   ,   i f    G i  = 0  



(4b)







In Equation (4a,b),   L n  Y  i a     and   L n  Y  i b     represent the variables of the income and yield of rice farmers who implement AGP or not;    O  i a     and    O  i b     represent the impact of outsourcing services of rice farmers who implement AGP or not;    X  i a     and    X  i b     represent other head-of-household feature vectors, household vectors, cognitive vectors and regional virtual vectors, which affect the rice income and yield of rice farmers who implement AGP or not;    ε  i a     and      ε  i b     represent the random perturbation terms of the two models. In order to solve the problem of sample selection bias caused by unobservable variables, Mills ratios,    λ  i a     and    λ  i b    , and covariances    σ  μ a   = c o v  (   μ i  ,  ℰ  i a    )    and      σ  μ b   = c o v  (   μ i  ,  ℰ  i b    )      are introduced into selected and unselected rice-farmer models, respectively, and Equations (2) and (4a,b) are estimated simultaneously by simultaneous equations using maximum likelihood estimation method.




3.4.2. Average Treatment Effect


By comparing the rice income expectations of rice farmers who implement AGP or not under real and counterfactual scenarios, the average treatment effect of AGP on the income was estimated.



The equation expression of expected income of rice farmers implementing AGP can be seen in Equation (5):


  E  [   Y  i a    |   G i    = 1  ]  =  γ a   O  i a   +  δ a   X  i a   +  σ  μ a    λ  i a    



(5)







The equation expression of expected income of rice farmers who have not implemented green production can be seen in Equation (6):


  E  [   Y  i b    |   G i    = 1  ]  =  γ b   O  i b   +  δ b   X  i b   +  σ  μ b    λ  i b    



(6)







Considering the two counterfactual hypotheses of implementing AGP or not, the equation expression of the expected value of rice income and output of rice farmers implementing AGP in making non-implementing decisions is shown in (7):


  E  [   Y  i b    |   G i    = 0  ]  =  γ n   O  i a   +  δ n   X  i a   +  σ  μ n    λ  i a    



(7)







The equation expression of the expected income of rice farmers who do not implement AGP can be seen in Equation (8):


  E  [   Y  i a    |   G i    = 0  ]  =  γ a   O  i b   +  δ a   X  i b   +  σ  μ a    λ  i b    



(8)







According to Equations (5) and (6), the equation expression of the treatment effect on the income of rice farmers who implement AGP is shown in Equation (9):


  A T  T i  = E  [   Y  i a    |   G i    = 1  ]  − E  [   Y  i b    |   G i    = 1  ]  =  O  i a    (   γ a  −  γ b   )  +  X  i a    (   δ a  −  δ b   )  +  λ  i a    (   σ  μ a   −  σ  μ b    )   



(9)







According to Equations (7) and (8), the equation expression of the treatment effect on the income of rice farmers who do not implement AGP is shown in Equation (10):


  A T  U i  = E  [   Y  i a    |   G i    = 0  ]  − E  [   Y  i b    |   G i    = 0  ]  =  O  i b    (   γ a  −  γ b   )  +  X  i b    (   δ a  −  δ b   )  +  λ  i b    (   σ  μ a   −  σ  μ b    )   



(10)







Therefore, the average value of     A T  T i      and     A T  U i      was used to estimate the average treatment effect of AGP on rice income and output.






4. Results


4.1. Sample Descriptive Statistics


The average difference between samples is helpful to analyze the difference between rice farmers who implement green production or those that do not. In this study, the AGP of rice farmers was divided into three aspects: the behaviors of reducing pesticide application, the behaviors of ensuring rice harvest at safe intervals after pesticide application, and the behaviors of adopting physical controls. The significance tests showed that there were significant differences between the rice farmers with AGP behaviors compared to those that do not.



4.1.1. Descriptive Statistics and Average Difference of Characteristic Variables of Pesticide Reduction Behaviors


As seen in Table 2, the variables are significant at the level of 1% except those of education, party members, number of laborers and altitude, indicating that there were significant differences between rice farmers who implement reduced pesticide application or those that do not. Among them, the average income of rice farmers with reduced pesticide application behaviors was 10.410, which was higher than that of rice farmers without reduced pesticide application behaviors, which indicates that reduced pesticide application behaviors may help to improve the total income of rice farmers, and the results need further empirical verification.




4.1.2. Descriptive Statistics and Average Difference of Characteristic Variables of Safety Interval


It can be seen from Table 3 that the variables are significant at the level of 1% except those of education, party members, number of planters, number of laborers and altitude, indicating that there were significant differences between rice farmers who implement safe interval rice harvesting or those that do not. Among them, the average income of rice farmers who implemented the safe interval rice harvesting behaviors was 9.412, which was higher than that of rice farmers who did not. This indicated that the safe interval rice harvesting behaviors might help to improve the total income effect of rice farmers, and the results needed further empirical verification.




4.1.3. Descriptive Statistics and Average Difference of Characteristic Variables of Physical Control Behaviors


Table 4 shows that the variables were significant at the 5% level except those of weeding outsourcing, age, gender, education, party members, number of planters, Ningxia and altitude, indicating that there were significant differences between rice farmers who implement physical control behaviors and those that do not. Among them, the average income of rice farmers who implemented physical control behaviors was 9.856, which was higher than that of rice farmers who did not. This indicated that physical control behaviors might help to improve the total income effect of rice farmers, and the results needed further empirical verification.





4.2. Estimation Results of AGP Effect on Rice Farmers Behavior


This section reports the estimation results of the influencing factors on the AGP behaviors of rice farmers’ and the income-output model based on the behaviors of reducing pesticide application, harvesting rice at safe intervals after pesticide application, and physical controls. The results in Table 5 show that the estimated value of correlation coefficient    ρ  μ a       or    ρ  μ n       between the error term of rice farmers’ AGP implementation model and the error term of non-implemented rice farmers’ AGP model was significant at the significant level of 1%, which indicates that there was sample implementation error between rice farmers’ income and output and AGP behaviors, and the endogenous transformation model has certain adaptability.



4.2.1. Analysis of Estimation Results of Behaviors Effect of Reduced Pesticide Application


The regression results of the first stage of the AGP implementation model of rice farmers’ reduced pesticide application behavior show (see Table 5) that outsourcing of pesticide application and weeding had a positive and significant impact on rice farmers’ behavior of reducing pesticide application. This proved that purchasing outsourcing services could effectively reduce the probability of rice farmers’ excessive use of pesticides [58]. Outsourcing service organizations have strong ability to collect and identify factor information and can use professional knowledge to apply pesticides scientifically to reduce the possibility of agricultural overuse. It was verified that outsourcing services can promote the AGP behaviors of rice farmers. Party members, rice planting area and green production cognition can promote rice farmers’ behavior of reducing pesticide application, indicating that the stronger their own ability, the higher their enthusiasm for participating in AGP. In addition, age, land fragmentation and whether there are diseases and insect pests were negatively significant, which may be because rice farmers were risk averse, and when labor input cannot be guaranteed, agricultural production management will be extensive, which was not conducive to AGP behavior of rice farmers.



In the second stage, the determinants of rice farmers’ income showed that the implementation of reduced pesticide application behaviors was significant. The regression coefficient of the effect of pesticide application outsourcing on the annual income of rice farmers was 0.3318, and it was significantly positive at the level of 5%. It shows that outsourcing services can improve the net income of rice farmers. It was verified that outsourcing services can promote AGP income of rice farmers. Outsourcing improves the production efficiency of rice farmers through specialized division of labor, changes the production cost and output of rice, and then affects the income level of rice farmers [29]. Planting time, number of laborers, rice planting area, and green production cognition, all had significant positive effects on the annual income of rice farmers. Land fragmentation had a significant negative effect on the annual income of rice farmers. Due to the irrational allocation of production factors caused by the small-scale decentralization of land parcels, the interest rate and efficiency of rice farmers were reduced, and then the annual income was reduced.



Using Equations (9) and (10), the average treatment effect of rice farmers’ decision-making on rice yield was calculated, and the results are shown in Table 6 and Figure 3. The treatment effect of reducing pesticide application on rice farmers’ rice income was significant at the level of 1%, and the influence was positive. The average treatment effect (ATT) of rice income and output was 0.5123 in the group of reducing pesticide application. This shows that their rice income effect will decrease from 8.2338 to 7.7265, a decrease of 1.850% if the behaviors of reducing pesticide application were not implemented. The average treatment effect (ATU) of the income and output of rice farmers in the non-reduced pesticide application behaviors group was 0.6110. The results shows that the income effect on rice farmers would increase from 9.6223 to 10.2333, an increase of 5.970% if the behaviors of reducing pesticide application were implemented. Therefore, the implementation of pesticide reduction can significantly increase the income of rice farmers. It was verified that the AGP behaviors of rice farmers can promote income. Reducing pesticide application can optimize the rice production environment, improve the comprehensive utilization rate of land, labor, and other means of production, and save the overall input of rice farmers in the rice production process.




4.2.2. Analysis of Estimation Results of Rice Harvest Behaviors Effect in Safe Interval Period


The regression results of the first stage of the AGP implementation model of rice harvesting behavior in the safe interval after pesticide application for rice farmers show (see Table 7) that outsourcing of pesticide application and harvesting had a positive and significant impact on the behaviors of rice farmers harvesting at safe intervals after pesticide application. As a more advanced factor of production, outsourcing services can make the time interval between pesticide application and harvesting more professional and scientific through specialized division of labor [59], and then have a positive effect on AGP behaviors of rice farmers. That is, outsourcing services can promote AGP behaviors of rice farmers. The coefficients of rice planting area and safety risk perception were positively significant at 1% and 5%, respectively, which indicated that rice planting scale and rice farmers’ risk perception were helpful for rice farmers to implement safe interval rice harvesting behavior. In addition, age, land fragmentation and whether there are diseases and insect pests were negatively significant, which indicates that negative external environmental factors were not conducive to the application of advanced technology and production factors in agricultural production, resulting in poor AGP concept of rice farmers, and then affecting AGP behaviors.



In the second stage, the determinants of rice farmers’ income by implementing behaviors of rice harvesting at safe intervals after pesticide application showed that pesticide application and harvesting outsourcing could significantly increase rice farmers’ annual income. When rice farmers choose outsourcing services, part or all the production links can be handed over to specialized service organizations, which is conducive to improving the utilization efficiency of agricultural production factors and increasing their annual income [27]. That is, outsourcing services can promote the green production income of rice farmers. Rice planting area and green production cognition had a significant positive impact on rice farmers’ annual income. The higher the rice farmers’ awareness of planting area and green production, the richer the experience of planting green rice, which is helpful to improve the quality of rice and improve their income. Land fragmentation had a significant negative impact on the annual income of rice farmers. Because land fragmentation increases labor input, it may be limited by the shortage of household labor force, which leads to poor governance effect, resulting in production reduction, and then reduces rice farmers’ income.



Using Equations (9) and (10), the average treatment effect of rice farmers’ decision-making behaviors of rice harvest at safe intervals after pesticide application on rice yield was calculated, and the results are shown in Table 8 and Figure 4. The treatment effect of safe interval rice harvesting behaviors on rice farmers’ rice income was significant at the level of 1%, and the influence was positive. The average treatment effect (ATT) of rice income and output of rice farmers in the safe interval rice harvesting behaviors group was 1.4574. This shows that for rice farmers who actually implement safe interval rice harvesting behaviors, if they do not implement these behaviors, their rice income effect will decrease from 9.3951 to 7.9377, a decrease of 15.512%. The average treatment effect (ATU) of rice income and output of rice farmers without safe interval rice harvesting behaviors was 0.3935. The results showed that for the rice farmers who did not implement the safe interval rice harvesting behaviors, if they had implemented such behaviors, the rice income effect would increase from 8.6957 to 8.7350, an increase of 4.505%. Therefore, the implementation of safe interval rice harvesting can significantly increase the income of rice farmers. It was verified that the AGP behaviors of rice farmers can promote income. Harvesting rice at safe intervals can ensure that there are no pesticide residues when rice is sold, and then improve the quality of rice to promote income increase.




4.2.3. Analysis of Estimation Results of Physical Control Behaviors Effect


The regression results of the green production implementation model of rice farmers’ physical control behaviors is shown in Table 9. Outsourcing of pesticide application, weeding, and harvesting had no significant effect on physical control behaviors of rice farmers. Unverified outsourcing services can promote the AGP behaviors of rice farmers. For physical controls, rice farmers preferred selective traps, insecticidal lamps and other methods, and the overall participation of outsourcing service organizations was small, which leads to no significant impact on the AGP behaviors of rice farmers [60]. The coefficients of planting population and rice planting area were 10% and 1%, respectively, which indicated that the numbers involved in planting labor and rice planting scale were driving whether rice farmers implemented physical control behaviors. In addition, land fragmentation was not conducive to rice farmers’ employment of physical controls. The fragmentation of plots hinders rice farmers from adopting new physical control technologies, which leads to an increase in the cost of AGP behaviors of rice farmers, and then chooses non-green production.



In the second stage, the determinants of rice farmers’ income showed that pesticide application outsourcing, weeding outsourcing and harvesting outsourcing had no significant impact on rice farmers’ physical control behavior. Unverified outsourcing services can promote the green production income of rice farmers. This may be because physical control lacks the accumulation effect of a virtuous circle and has a weak impact on rice yield, resulting in no obvious increase in income. Outsourcing services in physical control can significantly increase rice yield, but at the same time increase its production cost, which cannot promote the income growth of rice farmers. The numbers involved in the labor force and rice planting area had a significant positive impact on the annual income of rice farmers. The relatively abundant labor resources of rice farmers are conducive to the AGP of labor-intensive rice, while the planting area can make rice farmers have a rewarding planting experience and concentrate contiguous rice fields, which is conducive to the development of mechanization, thus improving production efficiency and increasing the annual income of rice farmers. Age had a significant negative impact on the annual income of rice farmers, because rice production still depends on decentralized smallholder farming based on labor time input to a great extent. Aging leads to insufficient labor input of rice farmers, which affects output and reduces annual income of rice farmers.



Using Equations (9) and (10), the average treatment effect of rice farmers’ physical control behaviors decision on rice yield was calculated, and the results are shown in Table 10 and Figure 5. The treatment effect of physical control behaviors on rice farmers’ rice income was significant at the level of 1%, and the influence was positive. The average treatment effect (ATT) of rice income and output of rice farmers in the physical control behaviors group was 1.0442. The results showed that the rice income effect would decrease from 10.5076 to 9.4634, a decrease of 9.938%, if the physical control behaviors were not implemented for the rice farmers who actually implemented the physical control behaviors; the average treatment effect (ATU) of rice income and output of rice farmers without physical control behaviors was 2.3644. The results showed that the income effect of rice farmers who did not implement physical control behaviors would increase from 7.8666 to 10.2310, an increase of 23.110%. Thus, the implementation of physical control behaviors can significantly increase the income of rice farmers. It was verified that the AGP behaviors of rice farmers can promote income. Physical control can achieve sustainable rice production through ecological and natural control, and then improve rice quality and yield to increase rice farmers’ income.






5. Discussion


Based on the survey data of rice farmers in Pingluo County of Ningxia and Yangxian County of Shaanxi Province in Northwest China, this study explored the influence of AGP behaviors of rice farmers on their income from the perspective of outsourcing services using an endogenous transformation model and an average processing effect estimation method. It was found that in the investigated areas, the AGP behaviors of rice farmers, such as reducing pesticide application, harvesting rice at safe intervals after pesticide application, and physical control, had a positive and significant impact on improving rice income. The reason is that the AGP behaviors can improve the income of rice farmers by saving the input cost of chemicals and improving the quality of rice [61,62]. On this basis, the production outsourcing service processes, namely pesticide application, weeding and harvesting outsourcing, were introduced into the research model as core explanatory variables for further in-depth analysis. The results show that these outsourcing services can promote the AGP and income of rice farmers. It can realize the scale operation of specific links to improve planting efficiency, and then promote AGP to reduce production costs, increase yield and improve rice farmers’ income.



Through the descriptive statistical analysis of rice farmers’ income under different decision behaviors, it was shown that rice farmers’ AGP behaviors can reduce production cost input and improve rice quality, thus improving rice farmers’ income. In past studies, the effect of AGP behaviors on income was limited to fertilizer use [63,64,65]. There are few research results on the integration of the behaviors of reducing pesticide application, harvesting rice at safe intervals after pesticide application, and physical control into the AGP. The results of this study show that green production behavior can improve rice farmers’ comprehensive utilization rate of production materials to reduce costs, promote rice farmers to produce high-value products to obtain higher market prices, and then improve income. For rice farmers who did not choose green production behavior, the income effect of rice increased after reducing pesticide application behaviors (ATT = 0.5123). Reducing pesticide application is helpful for rice farmers to reduce the frequency of pesticide application to reduce the ineffective loss in rice production and is helpful for the construction of rice quality and safety to improve the income effect of rice farmers. For the rice farmers who did not implement safe rice harvesting, the effect of rice income was improved after safe rice harvesting (ATT = 1.4574). Harvesting rice at safe intervals can effectively control the application times of rice farmers, ensure the pesticide residues in rice to meet the allowable standards stipulated by the state, reduce the cost, and improve the quality of rice, and then improve the income of rice farmers. For rice farmers who did not implement physical control behaviors, the effect of income was improved after adopting physical control behaviors (ATT = 1.0442). Rice farmers use physical factors and artificial control methods with low cost and no environmental pollution, which can effectively improve economic and social benefits and achieve comprehensive development of the two.



The results are helpful to promote AGP behavior in developing countries such as the northwest part of Asia. For example, the sown area of rice in the southeast of Xiyuan District in Vietnam only accounts for 6.82% of the whole country, and the level of science and technology is relativity low [66]. Rice farmers are backward in pest control and cultivation of excellent rice seeds, resulting in low rice quality in Vietnam. Popularizing AGP could alleviate the increasingly tense state of the earth’s resource constraints and improve the income of rice farmers.



In this study, outsourcing services have an important impact on rice farmers’ AGP behaviors and income. Specifically, outsourcing pesticide application can promote rice farmers’ behaviors of reducing pesticide application and harvesting rice at safe intervals after pesticide application, and significantly improve the income of rice farmers who do so. Because pesticide application outsourcing is a technology-intensive process, low total service and high-intensity technology application embedding can significantly improve rice farmers’ production efficiency [67,68]. Weeding outsourcing can promote rice farmers’ behaviors of reducing pesticide application. Compared with manual weeding, outsourcing services use specialized application technologies such as drones to play a technical substitution effect on the reduction of weeding costs and labor input. Harvesting outsourcing can promote rice farmers to implement behaviors of rice harvesting at safe interval following pesticide application, and significantly improve the income of rice farmers who do so. Because most harvesting processes are jointly outsourced, service organizations can accurately harvest according to crop types and safe intervals to improve the specialization level [69], thereby increasing the income of rice farmers. However, outsourcing services have no significant effect on physical control behaviors and income. The main reason is that physical control is mainly based on insect sexual traps, insecticidal lamps, and other facilities, while outsourcing services are weak in this link, which has no significant impact. There are similarities and differences between this study and those of Baiyegunhi et al. [27] and Doanh et al. [61]. Their research emphasizes that outsourcing agricultural production processes can effectively improve AGP and crop yield under the limited endowment of rice farmers such as time and cognition. This study further divided outsourcing services into pesticide application, weeding and harvesting categories, and the results showed that pesticide outsourcing had the highest impact on all aspects of AGP behaviors and income of rice farmers. This also confirms that outsourcing technology-intensive processes produces higher benefits than labor-intensive harvesting. India is rich in land resources compared with China. The rice planting area and yield in Maharashtra and Jijarat accounts for 5% and 5.2% of the whole country, respectively. Due to drought and low industrialization level, the yield per capita is low [70,71]. These are like the development of rice areas in northwest part of Asia. Developing outsourcing service promotion is helpful to promote the AGP behaviors of rice farmers, realize the scale operation of specific production links, and improve agricultural mechanization to improve the overall income of rice farmers.



In addition, other explanatory variables, such as age, labor force, rice planting area, land fragmentation, farmers’ cognition, etc., significantly affect the AGP and income effect of rice farmers. Older rice farmers are less likely to implement AGP. Aging leads to weak awareness of production safety of agricultural labor force and weakening willingness to adopt green production [72]. The large rice planting area is helpful for rice farmers to improve the utilization efficiency of machinery and reduce the demand for agricultural labor to save resources, thus improving the AGP and income of rice farmers. This conclusion is supported by Van et al. [73], who emphasized that large-scale planting area promotes the increase of rice yield, which will be supplied to supermarkets and other end retailers with stricter requirements on pesticide residues, and the application behaviors will be more standardized. However, land fragmentation makes it difficult for rice farmers to realize the optimal combination of land resources and elements in production and management, thus increasing the production cost of rice farmers [74]. In addition, the cognitive level of rice farmers makes this happen: the more they know about AGP standards of rice production, the more they pay attention to the quality of rice production, and the more they tend to implement green production to increase their income. The Philippines, which is also a developing country, is in southeast Asia, and its hot and rainy climate meets the requirements of rice growth. However, the mechanization level and scientific and technological level of rice planting industry are low, which leads to a shortage of domestic rice yield that cannot meet the market demand [75]. The risk aversion preference of rice farmers in low-income rice areas makes them unable to increase more technical input, and then the AGP level and income are lower. Extending outsourcing services can improve the problem of rice farmers’ lack of labor skills and introduce modern production factors into traditional rice production to promote green production and increase rice farmers’ income.




6. Conclusions and Policy Enlightenment


The purpose of this study was to include outsourcing services in the theoretical analysis framework of green production and its effect on the income of rice farmers, and to deeply explore the influence of AGP behaviors in this framework. First-hand data were collected through field interviews and questionnaires, and an endogenous transformation model was established to conduct empirical analysis on micro-survey data. The main conclusions were drawn as follows:




	(1)

	
Outsourcing services had a positive and significant impact on AGP behaviors and the income of rice farmers. Outsourcing of pesticide application had the most significant promotion effect followed by weeding and harvesting outsourcing, which can promote rice farmers’ behaviors of reducing pesticide application, harvesting rice at safe intervals after pesticide application, and increase income. Because pesticide application outsourcing can reduce chemical input and improve the utilization rate of agricultural resources through the division of labor and cooperation and knowledge resources advantages and increase environmental and economic benefits by reducing pesticide input costs, rice farmers’ production costs are reduced and their AGP behaviors promoted.




	(2)

	
The AGP behaviors of rice farmers had a significant impact on their income. The behaviors of reducing pesticide application, harvesting rice at safe intervals after pesticide application and physical control played a positive role in promoting the income of rice farmers. Among them, if rice farmers who did not implement physical control behaviors did so, their income increased the most, which was 23.110%. The behaviors of reducing pesticide application was second, and the income of rice farmers who had not implemented reducing pesticide application will increase by 5.970% if they did so. If rice farmers who had not implemented safe interval rice harvesting behaviors did so, their income will increase by 4.505%.









The findings of this study are meaningful for policy makers to design effective mechanisms for green production and outsourcing services, because the latter can have a positive impact on AGP and income of rice farmers, especially in the developing countries such as northwest part of Asia. Rice farmers’ behavior of reducing pesticide application, harvesting rice at safe intervals after pesticide application and physical control can improve productive income by saving costs and increasing efficiency, and outsourcing services in pesticide application, weeding and harvesting can promote rice farmers’ green production behavior and increase income. Finally, low-income rice regions in other developing countries, such as the northwest part of Asia, also face the problems of low AGP behaviors and a low level of science and technology in rice production, which lead to low income of rice farmers. The conclusions of this study can help rice farmers in low-income rice regions in other developing countries to implement AGP behaviors and outsourcing services, improve their income and promote environmentally sustainable development.



The research conclusions can provide some policy enlightenments. First, the government should strengthen the support to the outsourcing service market, and improve the effective publicity, training, and promotion of the outsourcing market. It should guide and standardize the professional development of agricultural outsourcing institutions, strengthen the support and assistance for socialized services such as pesticide application, outsourcing and weeding in production, and improve the service level of all processes. Second, the government should increase the financial subsidy support in the outsourcing service market, encourage outsourcing services to provide services for rice farmers by setting awards and subsidies to reduce the purchase cost of rice farmers’ outsourcing services, and focus on supporting rice farmers’ outsourcing services with strong demand and high applicability. Third, the government should regularly train rice farmers in AGP knowledge to guide rice farmers to standardize the use of pesticides. It should adopt various publicity methods, such as distributing manuals, to deepen rice farmers’ awareness of green production and encourage rice farmers to choose AGP behaviors such as biological pesticides and physical control measures.



This study has the following contributions. First, it confirmed the positive impact of rice farmers’ AGP behaviors on their income and supplements the existing evidence on the research of influencing factors on rice farmers’ income. Second, it analyzes the promotion of outsourcing services to rice farmers’ AGP behaviors and income, and the conclusion has certain values for promoting outsourcing services and rice farmers’ green production decision-making.



Finally, we hope to identify the limitations of this study to support further research in the future. First, this study focused on the impact of pesticide application outsourcing, weeding outsourcing and harvesting outsourcing on AGP and income of rice farmers. Future research can further include other variables, such as seedling outsourcing and irrigation outsourcing. Second, this study only focused on analyzing the behavior differences among rice farmers in different regions from cross-sectional data, and future research can try to deeply explore the dynamic changes of AGP behaviors of rice farmers. Third, except rice, the impact of AGP on farmers’ income may vary from crop to crop, such as potato and corn, which needs further detailed investigation.
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Figure 1. Theoretical model in this study. 
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Figure 2. The location of the investigated area in this study. 
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Figure 3. Effects of the pesticide application behavior on the income of rice farmers and rice output. 
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Figure 4. Effects of rice harvesting behaviors in safe interval on the income of rice farmers and rice output. 
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Figure 5. Effects of the choice of rice farmers’ physical control behaviors on the income of rice farmers and rice output. 
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Table 1. Descriptive statistics of rice farmers’ characteristic variables.
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Variables

	
Definition and Assignment

	
Mean

	
Standard Deviation

	
Min

	
Max

	
Coefficient of Variation






	
Explained variables

	




	
Rice net income

	
How much is your family’s net income from selling rice in 2020?

	
8.9917

	
1.6536

	
5.2983

	
13.4150

	
0.1839




	
Reduced pesticide application behaviors

	
Do you use less chemicals in your rice fields than before? Yes = 1; No = 0

	
0.2769

	
0.5005

	
0

	
1

	
1.8075




	
Rice harvesting behaviors at safe intervals

	
Is your rice harvested at safe intervals?

Yes = 1; No = 0

	
0.6418

	
0.4800

	
0

	
1

	
0.7479




	
Physical control behaviors

	
Do you take physical control measures such as sex traps in your rice fields? Yes = 1; No = 0

	
0.3275

	
0.4698

	
0

	
1

	
1.4345




	
Core explanatory variables

	




	
Outsourcing of pesticide application

	
Does your family outsource the pesticide application to the service organizations?

Yes = 1; No = 0

	
0.2769

	
0.4480

	
0

	
1

	
1.6179




	
Weeding outsourcing

	
Does your family outsource weeding to service organizations? Yes = 1; No = 0

	
0.0593

	
0.2365

	
0

	
1

	
3.9882




	
Harvesting outsourcing

	
Does your family outsource harvesting to service organizations? Yes = 1; No = 0

	
0.6615

	
0.4737

	
0

	
1

	
0.7161




	
Other explanatory variables

	




	
Age

	
Actual age of rice farmers interviewed

	
57.4506

	
10.5100

	
23

	
85

	
0.1829




	
Gender

	
Male = 1; Female = 0

	
0.8330

	
0.3734

	
0

	
1

	
0.4482




	
Education

	
Years of Education of Interviewed Rice Farmers

	
6.7297

	
3.4969

	
0

	
16

	
0.5196




	
Party member

	
Are the interviewed rice farmers party members? Yes = 1; No = 0

	
0.0901

	
0.2867

	
0

	
1

	
3.1820




	
Number of planters

	
What is the total number of people planting rice fields in your home?

	
1.9846

	
0.7638

	
1

	
6

	
0.3849




	
Planting time

	
By 2020, how many years have you planted rice?

	
33.5055

	
30.1064

	
1

	
50

	
0.8986




	
Number of laborers

	
What is the total number of members with working ability in your family?

	
2.4132

	
0.9915

	
1

	
7

	
0.4109




	
Rice planting area

	
How many acres of rice are planted in your home?

	
34.2210

	
65.6057

	
3

	
800

	
1.9171




	
Land fragmentation

	
Degree of land fragmentation: total planting area/block number

	
0.9796

	
1.0886

	
0.1429

	
10

	
1.1113




	
Security risk awareness

	
Do you understand the safety risks of rice caused by excessive use of pesticides?

Completely ignorant = 1; Don’t understand = 2; General = 3; Understand = 4; Fully understood = 5

	
3.2220

	
1.2510

	
1

	
5

	
0.3883




	
Cognition of green production

	
Do you know the common green pesticide differentiation methods and green production measures? Completely ignorant = 1; Don’t know = 2; General = 3; Know = 4; Fully aware = 5

	
4.4505

	
1.9388

	
1

	
5

	
0.4356




	
Is it Ningxia

	
Is the rice area where your family grows located in Ningxia? Yes = 1; No = 0

	
0.5231

	
0.5000

	
0

	
1

	
0.9559




	
Instrumental variables

	




	
Diseases and insect pests

	
Are there any diseases and insect pests in the rice area where your family grows? Have = 1; None = 0

	
0.8967

	
0.3047

	
0

	
1

	
0.3398




	
Altitude

	
How many meters above sea level is your planting area?

	
788.6584

	
301.4081

	
378

	
1106

	
0.3822








Note: The net income, age and altitude of rice are logarithm values.
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Table 2. The descriptive statistics and differences of rice farmers with and without reducing pesticide application.
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	Variables
	Implement the Behaviors of Reducing Pesticide Application
	The Behaviors of Reducing Pesticide Application Was Not Implemented
	Diff





	Rice net income
	10.410
	7.577
	2.833 ***



	Outsourcing of pesticide application
	0.789
	0.153
	0.636 ***



	Weeding outsourcing
	0.372
	0.074
	0.297 ***



	Harvesting outsourcing
	0.890
	0.358
	0.532 ***



	Age
	3.985
	4.079
	−0.094 ***



	Gender
	0.697
	0.961
	−0.263 ***



	Education
	7.211
	6.218
	0.993



	Party member
	0.101
	0.074
	0.027



	Number of planters
	2.183
	1.794
	0.390 ***



	Planting time
	28.372
	22.288
	6.083 ***



	Number of laborers
	2.468
	2.367
	0.101



	Rice planting area
	64.248
	3.895
	60.353 ***



	Land fragmentation
	0.328
	1.635
	−1.307 ***



	Security risk awareness
	3.651
	2.799
	0.852 ***



	Cognition of green production
	4.968
	3.926
	1.042 ***



	Is it in Ningxia
	0.939
	0.106
	0.833 ***



	Whether there are diseases and insect pests

Altitude
	0.838

6.269
	0.954

6.923
	−0.116 ***

−0.654







Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 3. The descriptive statistics and differences of rice farmers with and without safe interval rice harvesting behaviors.
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	Variables
	Implement Safe Interval Rice Harvest
	Rice Harvest at Safe Intervals Has Not Been Implemented
	Diff





	Rice net income
	9.412
	8.673
	0.739 ***



	Outsourcing of pesticide application
	0.318
	0.202
	0.116 ***



	Weeding outsourcing
	0.098
	0.038
	0.060 ***



	Harvesting outsourcing
	0.818
	0.380
	0.438 ***



	Age
	3.995
	4.054
	−0.059 ***



	Gender
	0.764
	0.957
	−0.193 ***



	Education
	6.921
	6.387
	0.535



	Party member
	0.092
	0.086
	0.007



	Number of planters
	2.252
	1.836
	0.416



	Planting time
	39.390
	22.963
	16.427 ***



	Number of laborers
	2.425
	2.393
	0.032



	Rice planting area
	64.248
	3.895
	60.353 ***



	Land fragmentation
	0.340
	1.337
	−0.997 ***



	Security risk awareness
	3.438
	2.834
	0.604 ***



	Cognition of green production
	4.688
	4.025
	0.663 ***



	Is it in Ningxia
	0.945
	0.288
	0.657 ***



	Whether there are diseases and insect pests

Altitude
	0.847

6.397
	0.925

6.936
	−0.078 ***

−0.539







Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 4. Variable descriptive statistics and differences between rice farmers who implemented and did not implement physical control behaviors.
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	Variables
	Implement Physical Prevention and Control
	Physical Control Was Not Implemented
	Diff





	Rice net income
	9.856
	7.216
	2.640 ***



	Outsourcing of pesticide application
	0.294
	0.242
	0.052 ***



	Weeding outsourcing
	0.078
	0.020
	0.058



	Harvesting outsourcing
	0.832
	0.578
	0.254 ***



	Age
	4.009
	4.081
	−0.072



	Gender
	0.698
	0.899
	−0.201



	Education
	7.242
	6.480
	0.761



	Party member
	0.107
	0.082
	0.107



	Number of planters
	2.056
	1.839
	0.217



	Planting time
	54.040
	23.507
	30.533 ***



	Number of laborers
	2.477
	2.382
	0.095 ***



	Rice planting area
	48.460
	4.979
	43.481 ***



	Land fragmentation
	0.609
	1.742
	−1.133 ***



	Security risk awareness
	3.678
	3.000
	0.678 ***



	Cognition of green production
	4.973
	4.196
	0.777 **



	Is it in Ningxia
	0.739
	0.081
	0.658



	Whether there are diseases and insect pests

Altitude
	0.953

6.240
	0.869

6.760
	0.084 ***

−0.520







Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 5. Simultaneous estimation results of AGP selection model and rice income-output model for reducing pesticide application behaviors.






Table 5. Simultaneous estimation results of AGP selection model and rice income-output model for reducing pesticide application behaviors.





	
Variables

	
Green Production Selection Model of Reducing Pesticide Application Behaviors

	
Income-Output Model of Rice Farmers




	
Reduced Pesticide Application Behaviors for Rice Farmers

	
Rice Farmers with Unreduced Pesticide Application Behaviors






	
Outsourcing of pesticide application

	
0.7822 *** (0.2045)

	
0.3318 ** (0.1415)

	
0.1520 (0.1255)




	
Weeding outsourcing

	
0.7651 ** (0.3740)

	
0.0732 (0.1920)

	
0.0255 (0.1386)




	
Harvesting outsourcing

	
−0.0369 (0.0987)

	
0.0965 (0.1194)

	
0.1228 (0.1261)




	
Age

	
−0.0614 ** (0.0217)

	
−0.4054 (0.4151)

	
−0.2705 (0.1738)




	
Gender

	
−0.0068 (0.3217)

	
−0.0046 (0.1289)

	
−0.1101 (0.2196)




	
Education

	
−0.0448 (0.0306)

	
−0.0045 (0.0165)

	
−0.0140 (0.0745)




	
Party member

	
0.1404 * (0.1217)

	
−0.0203 (0.1035)

	
−0.1169 (0.1176)




	
Number of planters

	
−0.0585 (0.0849)

	
−0.0633 (0.0888)

	
−0.1017 (0.1162)




	
Planting time

	
−0.0059 (0.0079)

	
0.0213 * (0.0104)

	
0.0042 (0.0049)




	
Number of laborers

	
0.0837 (0.1254)

	
0.1551 *** (0.0374)

	
0.0499 (0.0663)




	
Rice planting area

	
0.0341 *** (0.0072)

	
0.0483 *** (0.0081)

	
0.0043 *** (0.0006)




	
Land fragmentation

	
−0.8904 ** (0.4118)

	
−0.1244 *** (0.0282)

	
−0.6343 ** (0.2733)




	
Security risk awareness

	
0.1155 (0.1005)

	
0.0035 (0.0490)

	
0.0369 (0.0392)




	
Cognition of green production

	
0.1147 ** (0.0427)

	
0.0460 * (0.0282)

	
0.0411 * (0.0318)




	
Is it Ningxia

	
0.1551 (0.1422)

	
0.5919 (0.2773)

	
−0.2118 (0.2452)




	
Whether there are diseases and insect pests

	
−0.7503 * (0.4296)

	
-

	
-




	
Altitude

	
0.0017 (0.0014)

	
-

	
-




	
Constant

	
−9.3495 (11.0496)

	
9.3955 *** (1.3987)

	
9.2098 *** (1.1492)




	
    ρ  μ a          or    ρ  μ n       

	

	
−0.8322 ** (0.4233)

	
0.8619 ** (0.2177)




	
Wald-chi2(15)

	

	
91.42

	




	
LR test of indep.eqns

	

	
23.58 ***

	




	
Log likelihood

	

	
−565.3886

	




	
Observations

	

	
447

	








Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 6. Average treatment effect of rice farmers’ reduction of pesticide application behaviors on rice income and output.
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	Groups
	Implement the Behaviors of Reducing Pesticide Application
	The Behaviors of Reducing Pesticide Application Was Not Implemented
	ATT
	ATU





	Reduced pesticide application behaviors for rice farmers
	8.2338
	7.7265
	0.5123 ***
	-



	Rice farmers with unreduced pesticide application behaviors
	10.2333
	9.6223
	-
	0.6110 ***







Note: The net income of rice is logarithmic; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 7. Simultaneous estimation results of green production behaviors model and rice income-output model in safety interval.
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Variables

	
Green Production Selection Model of Safety Interval

	
Income-Output Model of Rice Farmers




	
Rice Farmers Who Implement Safe Interval Rice Harvesting Behaviors

	
Rice Farmers Who Have Not Implemented Safe Interval Rice Harvesting Behaviors






	
Outsourcing of pesticide application

	
1.1526 *** (0.1973)

	
0.3719 *** (0.1292)

	
0.3184 ** (0.1291)




	
Weeding outsourcing

	
0.1701 (0.3213)

	
0.1470 (0.2627)

	
−0.0158 (0.1501)




	
Harvesting outsourcing

	
0.6592 *** (0.1983)

	
0.4515 *** (0.1627)

	
−0.0146 (0.1014)




	
Age

	
−1.0386 * (−0.5425)

	
−0.2885 (0.3011)

	
−0.0179 (0.2975)




	
Gender

	
0.1913 (0.2912)

	
−0.0407 (0.1395)

	
−0.1269 (0.2447)




	
Education

	
−0.0580 (0.0277)

	
−0.0014 (0.0167)

	
−0.0145 (0.0143)




	
Party member

	
−0.1947 (0.3242)

	
0.1187 (0.1850)

	
−0.2027 (0.1573)




	
Number of planters

	
−0.2180 (0.1594)

	
−0.1263 (0.0897)

	
0.0304 (0.0717)




	
Planting time

	
−0.0005 (0.0018)

	
−0.0002 (0.0003)

	
−0.0510 (0.0052)




	
Number of laborers

	
−0.0881 (0.1240)

	
0.1353 (0.0592)

	
0.0878 (0.0660)




	
Rice planting area

	
0.0228 *** (0.0035)

	
0.0290 *** (0.0029)

	
0.0032 *** (0.0006)




	
Land fragmentation

	
0.0519 ** (0.0223)

	
−0.1964 *** (0.0534)

	
−0.4295 ** (0.2692)




	
Security risk awareness

	
0.1252 ** (0.0757)

	
−0.0271 (0.0477)

	
0.0196 (0.0397)




	
Cognition of green production

	
0.0230 (0.0515)

	
0.0540 * (0.0279)

	
0.0265 * (0.0108)




	
Is it Ningxia

	
0.7279 (0.6117)

	
1.0574 (0.2002)

	
2.3944 (0.3754)




	
Whether there are diseases and insect pests

	
−0.4796 * (0.2482)

	
-

	
-




	
Altitude

	
−0.8910 (0.2972)

	
-

	
-




	
Constant

	
23.6478 *** (8.2385)

	
9.8856 *** (1.3398)

	
7.8022 *** (1.3568)




	
    ρ  μ a          or    ρ  μ n       

	

	
−1.6181 *** (0.3098)

	
0.3647 ** (0.1841)




	
Wald-chi2(15)

	

	
454.20

	




	
LR test of indep.eqns

	

	
23.58 ***

	




	
Log likelihood

	

	
−595.09825

	




	
Observations

	

	
447

	








Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 8. Average treatment effect of rice farmers’ choice of rice harvesting behaviors in safe interval on rice income and output.






Table 8. Average treatment effect of rice farmers’ choice of rice harvesting behaviors in safe interval on rice income and output.





	Groups
	Implement the Behaviors of Harvesting Rice at Safe Intervals
	The Behaviors of Harvesting Rice at Safe Intervals Was Not Implemented
	ATT
	ATU





	Rice farmers who harvest rice at safe intervals
	9.3951
	7.9377
	1.4574 ***
	-



	Rice farmers who harvest rice at unsafe intervals
	8.7350
	8.6957
	-
	0.3935 ***







Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 9. Simultaneous estimation results of green production behaviors model and rice income-output model using physical control behaviors.






Table 9. Simultaneous estimation results of green production behaviors model and rice income-output model using physical control behaviors.





	
Variables

	
Green Production Selection Model of Physical Control

	
Income-Output Model of Rice Farmers




	
Rice Farmers Who Implement Physical Control Behaviors

	
Rice Farmers Who Have Not Implemented Physical Control Behaviors






	
Outsourcing of pesticide application

	
0.2657 (0.1862)

	
0.1820 (0.1671)

	
0.2453 (0.1033)




	
Weeding outsourcing

	
−0.1863 (0.3929)

	
0.7078 (0.4670)

	
0.0612 (0.1730)




	
Harvesting outsourcing

	
0.2900 (0.2132)

	
0.0450 (0.1797)

	
0.2689 (0.1043)




	
Age

	
0.5227 (0.4542)

	
−0.5528 * (0.3311)

	
−0.4842 * (0.2912)




	
Gender

	
−0.1126 (0.1948)

	
0.0218 (0.1497)

	
−0.0062 (0.1584)




	
Education

	
0.0069 (0.0220)

	
0.0012 (0.0182)

	
0.0076 (0.1459)




	
Party member

	
0.0018 (0.2539)

	
0.2666 (0.1983)

	
0.0464 (0.1653)




	
Number of planters

	
0.2114 * (0.1272)

	
−0.0823 (0.0974)

	
0.1849 (0.0752)




	
Planting time

	
0.0007 (0.0008)

	
0.0003 (0.0003)

	
0.0034 (0.0038)




	
Number of laborers

	
−0.0842 (0.0876)

	
0.2010 *** (0.0652)

	
0.2033 *** (0.0595)




	
Rice planting area

	
0.1212 *** (0.0032)

	
0.0207 *** (0.0029)

	
0.0063 *** (0.0007)




	
Land fragmentation

	
−0.1327 * (0.0793)

	
−0.0619 (0.0552)

	
−0.1504 (0.0707)




	
Security risk awareness

	
0.0713 (0.0686)

	
0.0428 (0.0570)

	
0.0110 (0.0405)




	
Cognition of green production

	
0.0016 (0.0394)

	
0.0414 (0.0307)

	
0.0302 (0.0274)




	
Is it Ningxia

	
0.1983 (0.0876)

	
0.5125 (0.3720)

	
0.5382 (0.1962)




	
Whether there are diseases and insect pests

	
−0.0741 (0.2923)

	
-

	
-




	
Altitude

	
0.7397 (0.8919)

	
-

	
-




	
Constant

	
−6.4632 (5.3338)

	
9.8154 *** (1.4888)

	
9.5819 *** (1.2470)




	
    ρ  μ a          or      ρ  μ n       

	
-

	
−2.0438 *** (0.5748)

	
0.8616 *** (0.2099)




	
Wald-chi2(15)

	

	
250.75

	




	
LR test of indep.eqns

	

	
8.36 ***

	




	
Log likelihood

	

	
−634.83963

	




	
Observations

	

	
447

	








Note: The net income, age and altitude of rice are logarithm; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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Table 10. Average treatment effect of rice farmers’ physical control behaviors choice on rice income and output.






Table 10. Average treatment effect of rice farmers’ physical control behaviors choice on rice income and output.





	Groups
	Implement Physical Prevention and Control Behaviors
	Failure to Implement Physical Prevention and Control Behaviors
	ATT
	ATU





	Physical control behaviors of rice farmers
	10.5076
	9.4634
	1.0442 ***
	-



	Rice farmers with non-physical control behaviors
	10.2310
	7.8666
	-
	2.3644 ***







Note: The net income of rice is logarithmic; *, ** and *** represent significant levels of 10%, 5% and 1%, respectively.
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