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Increasing farmers’ grain profits is crucial for enhancing the sustainability of grain production and ensuring food security. As a widely applied agricultural management means at present, agricultural productive services are of great significance to study whether they can help increase farmers’ grain profits. This paper uses the micro-farmer data from the 2020 China Rural Revitalization Survey (CRRS). It employs an endogenous switching regression model and causal mediation analysis methods, which can address endogenous issues, to examine the impact of agricultural productive services on farmers’ grain profits and their underlying mechanisms. The results show: (1) Agricultural productive services significantly increase farmers’ grain profits and this conclusion is still robust after the robustness test. (2) The mechanism analysis indicates that agricultural productive services increase farmers’ grain profits through three pathways: yield enhancement, cost reduction, and efficiency improvement. (3) The heterogeneity analysis shows that agricultural productive services have a greater impact on increasing grain profits for farmers with lower grain profits, smaller operating scales, and lower degrees of farmland fragmentation. Our findings suggest that increasing support for agricultural productive services, fully leveraging the radiative driving role of service providers, and offering farmers various forms of productive services will be key measures to enhance farmers’ grain profits, promote sustainable grain production, and ensure food security.
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1 Introduction

Food security is a prerequisite for a nation’s stable development and a key issue of high concern for the international community (Laborde et al., 2020). The key to ensuring food security lies in enhancing farmers’ enthusiasm and stability in grain cultivation to ensure the sustainability of grain production. To ensure the sustainability of grain production, farmers must be able to earn sufficient profits from grain cultivation (Zhang X. et al., 2023). However, in many developing countries like China, the economic benefits of grain cultivation for farmers remain low, significantly weakening their enthusiasm and hindering the sustainable production of grain. In 2021, the average income per mu of grain in China was 824 yuan, the highest since 2017. However, it remains significantly lower than the income per mu from cash crops and far below the 2 to 3 months’ wages that farmers can earn from migrant work (Rahman and Mishra, 2020). To ensure that farmers benefit from grain production, China has implemented a series of pro-agriculture policies, including the minimum grain purchase price policy and temporary storage policies (Qian et al., 2020). These measures have effectively increased farmer benefits of grain production. However, these measures have not fundamentally solved the issue of low profits from grain cultivation for farmers (Li and Jiang, 2023). In this context, how to improve farmers’ profits from grain cultivation while maintaining stable food prices has become a pressing issue for many developing countries.

Agricultural production services (APS), as a form of agricultural socialized services that spans the entire agricultural production operation chain, are carried out directly or in collaboration by entities such as family farms, large-scale professional farms, farmer cooperatives, leading enterprises, and specialized service companies (Lu et al., 2022; Shi et al., 2024). These services encompass pre-production, production, and post-production activities including procurement of agricultural inputs, land preparation, fertilization, pest control, irrigation, and harvesting. They promote specialization and deepen division of labor in agricultural production (Gong, 2020). Given the realistic backdrop where a large number of farmers have transferred to cities to engage in non-agricultural work with higher income, and the aging and weakening of agricultural production have become more and more serious, APS is regarded as an effective means to solve the era’s hidden concern of “who will farm and how to farm” (Zhang et al., 2018; Xie et al., 2023). Most developing countries characterized by small-scale household operations have long faced challenges such as constraints in resource endowment, difficulty in accessing markets, and compounded risks (Ren et al., 2023). Farmers can obtain APS through purchases to alleviate various constraints in agricultural production (Qian et al., 2022). International agricultural practices demonstrate that APS play a crucial role in providing technical support, agricultural machinery and equipment, risk diversification, market information, and optimizing input factors (Peng et al., 2022; Ai et al., 2023; Na et al., 2024). In recent years, APS have experienced rapid development driven by national policy support and farmer demand. By 2023, China had 1.041 million agricultural socialized service organizations, covering service areas totaling nearly 1.87 billion times, benefiting over 89 million small farmers and making significant contributions to agricultural production in China (Yang et al., 2023). In light of this, does APS contribute to increasing farmers’ grain profits and thereby ensuring the sustainability of grain production? Exploring this issue is of significant practical importance for improving the APS system and ensuring food security. Across existing research, discussions on agricultural productive services and grain production mainly focus on the following two aspects: Firstly, exploring the factors influencing farmers’ adoption of APS. Through empirical research, some scholars have discovered that factors such as the quantity of household labor, the proportion of grain cultivation, farmland tenure, government support, as well as non-farm employment opportunities and income, all play a role in influencing farmers’ decisions on the adoption of APS (Cai and Wang, 2021; Xu C. et al., 2022; Li and Guo, 2023). Qiu and Luo (2021) found that in the realistic situation where a large amount of labor force is flowing out, the cost of hired workers is constantly rising, and agricultural machinery assets are highly specialized and costly, adopting APS has become a rational choice for most farmers. However, in many developing countries, due to inadequate road infrastructure, severe fragmentation of farmland and incomplete service markets, opportunities for small farmers to access agricultural production services are limited (Xu M. et al., 2024). Some scholars found that land fragmentation not only reduces the possibility of using APS efficiently, but also increases the service cost and reduces the service effect (Niroula and Thapa, 2005; Lu et al., 2019). Furthermore, Wei and Tang (2022) have found that uncertainties in the quality of agricultural production services operations, coupled with risks from uncertain operational timing due to the urgency of agricultural tasks, have increased APS outsourcing costs and decreased APS outsourcing benefits, resulting in a contraction of the APS service market. Secondly, the analysis of the impact of APS on grain production behavior and benefits. In light of the reality of farmer differentiation and the aging of agricultural production, some scholars have explored the effect of APS on the efficiency of grain production (Min et al., 2021; Zhang and Guo, 2021). They contend that APS not only serves as an effective substitute for agricultural labor (Peng et al., 2019), but also acts as a feasible means for technology dissemination (Wang and Wang, 2023). It is beneficial for promoting agricultural specialization and optimizing the resource allocation in agricultural production (Xu B. et al., 2024), thereby effectively alleviating the adverse impacts brought about by the substantial non-agricultural transfer of labor on agricultural production. Some scholars have also carried out research on the relationship between APS and grain yield, and found that APS can significantly enhance the grain yield per unit area (Liu et al., 2022a; Li et al., 2024; Wu et al., 2024). Zhao X. et al. (2021) conducted an empirical analysis on the impact of APS on farmers’ income and found that adopting APS can significantly raise farmers’ income. And there are differences in its impact on farmers of different farm sizes, and certain differences also exist in the impact effects of different types and links of APS. Nevertheless, some scholars argue that labor-intensive productive services like agricultural machinery services merely substitute labor inputs without bringing about efficiency improvements. Hence, they do not have a significant impact on grain production efficiency (Zhang and Yi, 2015). In addition, other scholars have explored the impact of different type of APS, such as labor-intensive and technology-intensive services, on grain production (Sun et al., 2018).

Existing research has provided important references for this paper, but there are also some shortcomings, mainly manifested in three aspects. Firstly, existing studies mostly conduct research on the impact of agricultural productive services on grain production from the perspectives of grain output and production efficiency. There are relatively few studies on the profit of grain planting, and insufficient attention has been paid to the impact of APS on farmers’ grain profit and its mechanism. Considering the realistic background where the comparative returns of grain crops have been low for a long time and the cost of productive services is constantly rising, the increase in grain production and efficiency does not necessarily mean an increase in the profit of grain planting. The profit of grain planting is the basis for improving farmers’ enthusiasm for grain planting, promoting sustainable grain production, and ensuring food security. Ignoring the impact of APS on the profit of grain planting may not be conducive to a comprehensive understanding of the potential impact of APS on food security. Secondly, if APS have a positive effect on farmers’ grain profits, is the impact on different farmers the same and which type of farmers is more affected? Existing studies have limited attention to the heterogeneity of production conditions and resource endowments and lack further heterogeneity analysis and discussion. In addition, existing studies have overlooked the constraint analysis of the application effect of APS. Especially for China, where the problem of fragmented farmland is prominent, fragmented farmland not only increases the cost of land management but also increases the difficulty of agricultural machinery operation, which seriously affects the application effect of APS (Yang et al., 2022). In many cases, fragmented farmland cannot obtain the required APS. Therefore, it is necessary to further discuss the important constraint of farmland fragmentation on the application effect of APS. Thirdly, the existing literature on the quantitative analysis of the impact mechanisms of APS on grain production lacks a thorough examination of endogeneity issues. Insufficient attention has been paid to potential reverse causality and omitted variable problems in these studies. The presence of such endogeneity issues may result in biased estimation outcomes and inaccurate research conclusions, thereby affecting the scientific understanding of the relationship between APS and farmers’ grain profits, as well as the formulation of relevant policy recommendations.

The main contributions of this paper are threefold: Firstly, using representative micro-survey data and an Endogenous Switching Regression model, which effectively mitigates endogeneity issues, this study empirically investigates the relationship between APS and farmers’ grain profits from the perspective of ensuring the sustainability of grain production by increasing farmers’ grain planting profits. This research provides further empirical evidence for studies related to APS and farmers’ grain profits, thereby enriching the existing literature. Food security has long been a popular research topic among scholars, but little is known about the role of APS in increasing farmers’ grain profits, motivating them to plant more grain, and thereby promoting the sustainability of grain production. In the current context where APS is widely applied, this study delves into the intrinsic relationship and functional mechanisms between APS and farmers’ grain profits. It aims to reveal the pathways and effects of APS on farmers’ grain profits, filling the research gap in this area. Moreover, it provides scientific evidence and decision-making references for policymakers to optimize APS policies and enhance farmers’ grain profits. Furthermore, existing studies have not systematically analyzed and rigorously empirically tested the mechanisms through which APS impacts farmers’ grain profits. This paper systematically argues, through three pathways of increasing yield, cost savings, and efficiency improvement, the impact mechanisms of APS on farmers’ grain profits. It employs a causal mediation analysis model to empirically test the specific impact mechanisms of APS on farmers’ grain profits, thus providing a beneficial supplement to previous research in this field. Thirdly, this study explores the heterogeneous impact of APS on farmers with different scales of farmland and levels of grain profit. It finds that APS has a greater positive impact on the farmers’ grain profits with smaller operational scales and lower grain profit levels. This suggests that APS can address the profitability challenges faced by small-scale farmers in grain production. Additionally, the study examines the role of farmland fragmentation in influencing the impact of APS on farmers’ grain profit, revealing that farmland fragmentation hinders the effectiveness of APS. This provides empirical evidence for formulating targeted land consolidation policies to mitigate the adverse effects of farmland fragmentation, further unlocking the potential of APS and promoting the sustainability of grain production. The subsequent sections of the paper are organized as follows. Section 2 introduces the theoretical framework and proposes three theoretical hypotheses; Section 3 describes the data, methodology and variables selection; Section 4 discusses the baseline regression results and conducts the impact mechanism identification and heterogeneity analysis; Section 5 presents the main conclusions, discussion and policy implications.



2 Mechanism analysis and research hypotheses

Agricultural production includes multiple links, such as sowing, irrigation, fertilization, pesticide application, and harvesting. The separability of agricultural production links provides a practical basis for the vertical division of labor in agriculture and broad development space for APS. APS, through specialized division of labor, mechanized operations, and the introduction of new technologies, can transform farmers from traditional experiential production and small-scale decentralized management to modern production methods of scale, mechanization, and intensification (Yang et al., 2019), which is beneficial for improving yield, saving costs, enhancing efficiency, and consequently influencing farmers’ grain profits.

Increasing farmers’ grain profits need to focus on improving grain yield. APS with multiple advantages, such as technology and management, provide strong support for achieving this goal. On the one hand, APS can increase grain yield by providing high-quality agricultural materials and advanced technological equipment. Compared to small farmers, service providers have more advantages in the agricultural material market, providing them with higher quality seeds, fertilizers, pesticides and other production materials at a lower cost, supplemented by professional farming, fertilization, pesticide application, and irrigation production technologies, thus forming a comprehensive production model that combines good varieties and methods and agricultural machinery and technology support, effectively avoiding the problem of high input and low output in agriculture and significantly improving yield, thereby increasing farmers’ grain profits (Xu Y. et al., 2022). On the other hand, APS can also improve yield by providing scientific management methods. Compared to small farmers who lack scientific production management methods and rely on experience to produce, APS organizations have more professional technical personnel, which can provide scientific production guidance to farmers, help them optimize the quantity and structure of factor inputs, carry out reasonable water and fertilizer management, disease and pest prevention and control, alleviate the problem of insufficient technical management ability of individual farmers (Zang et al., 2022), reduce the loss of grain production and achieve an increase in yield.

To increase farmers’ grain profits, efforts should also be made to reduce the cost of grain cultivation. Adopting APS can reduce the cost of food production materials and labor, thereby increasing farmers’ grain profits. On the one hand, compared to individual farmers, APS entities have scale advantages in purchasing agricultural materials, providing farmers with centralized purchasing services such as “high-quality fertilizers and varieties” of agricultural materials, achieving “double savings” in transaction costs and production material costs. Moreover, the specialization, facility, standardization, and precision of service subjects are higher (Cao and Wu, 2023), which reduces the loss of production materials and improves utilization efficiency, which is conducive to reducing the cost of production material investment. On the other hand, in the context of a large transfer of the rural labor force, labor prices are increasingly rising, and agricultural machinery shows a price advantage for labor (Zheng and Xu, 2017). Adopting APS instead of hiring workers can save production costs and increase net profit from grain production. Tang et al. (2018) found through a study of 3,421 rice growers that agricultural services contribute to cost savings.

Improving agricultural production efficiency is another key factor in increasing farmers’ grain profits. APS can optimize the allocation of labor, land, capital, and other factors by leveraging their advantages in equipment, technology, and talent, achieving efficiency improvement, and thereby improving farmers’ grain profits. First, the division of labor effect of APS can effectively improve the efficiency of various production links. Farmers outsource single or all production processes, such as cultivation, pesticide application, fertilization, and irrigation, to professional service entities, forming a specialized division of labor without changing the land ownership relationship. According to Smith’s division of labor theory, the division of labor can achieve improvement in production efficiency (Smith, 2002). A service entity with professional service talent, mechanical equipment, production technology, etc., plays a comparative advantage in various aspects of grain production, making the input of various production factors more scientific and reasonable and ensuring the efficient utilization of factors. Second, APS have a labor substitution effect, which can alleviate the labor constraints of farmers (Tian et al., 2023). With the continuous transfer of rural labor to nonagricultural sectors, the opportunity cost of agricultural labor is increasing, and the degree of parttime and aging agricultural production is gradually deepening. There is a structural shortage of rural labor, which restricts the improvement of agricultural production efficiency. The essence of farmers’ adopting APS is to replace labor with capital (Zhao Q. et al., 2021) to achieve relatively low costs and greater output elasticity of agricultural machinery and equipment to replace labor with relatively high costs and limited production capacity and to improve the technical efficiency of grain production through standardized mechanical operations, thereby providing effective support for ensuring farmers’ grain profits.

The influence path of agricultural productive services on farmers’ grain profits is shown in Figure 1. Based on the above analysis, this paper proposes the following hypothesis.

[image: Figure 1]

FIGURE 1
 Theoretical mechanism framework.



Hypothesis 1: There is a significant difference in the average grain profit earned between householders who adopted APS and those who did not. APS is conducive to the increase of farmers’ grain profits.

Hypothesis 2: APS primarily increase farmers’ grain profits through three paths: increasing grain yield, reducing production costs, and improving the efficiency of grain production.
 

The analysis regarding the impact of APS on farmers’ grain profits above is conducted under the assumption that farmers are homogeneous. In fact, there may be differences in the impact of APS on farmers’ grain profits. First, APS can introduce modern production factors into small farmers, which has advantages in helping farmers with weaker grain production capacity and poor production conditions achieve increased production, cost reduction, and efficiency improvement (Deng et al., 2020). That is, APS can enable different farmers to have similar production management methods, thereby eliminating the income gap between farmers with lower and higher grain yields. Second, studies have found that APS have a universal function of increasing efficiency and income. Under the role of factor supplementation and substitution brought by APS, the increase in production efficiency and household income of small farmers is significantly higher than that of largescale households. Compared to small-scale farmers who mainly rely on agriculture and have better basic agricultural production conditions, APS have a more significant effect on improving grain yields for smallholder farmers. Finally, the implementation of the household contract responsibility system has led to a generally small scale and high degree of fragmentation of agricultural land in China (Li et al., 2023). The fine distribution of agricultural land will increase the service operation time and difficulty, which is not conducive to the efficient operation of agricultural machinery (Lu et al., 2018). Therefore, the fragmentation of farmland not only restricts the service supply of service subjects (Chen et al., 2022) but also limits the scope and quality of APS and restricts the improvement of grain production profits brought by APS. Therefore,


Hypothesis 3: There are differences in the effects of agricultural productive services on farmers’ grain profits among heterogeneous farmers with grain profits, scales, and the degree of farmland fragmentation.
 



3 Research design


3.1 Data sources

The data used in this paper can be found in the “China Rural Revitalization Survey “(CRRS) Database of the Institute of Rural Development, Chinese Academy of Social Sciences in 2020. The CRRS project comprehensively considers the level of economic development, regional location, and agricultural development. Sample provinces are randomly selected from the eastern, central, western, and northeastern regions of China. Sample counties are randomly selected using the equidistant random sampling method based on the per capita GDP at the county level for the entire province, ensuring as much spatial coverage as possible. Using the same sampling method, sample townships (towns) and villages are randomly selected based on the economic development level of the local townships and villages. Finally, sample households are randomly selected according to the roster provided by the village committee. The CRRS ultimately selected 10 provinces and autonomous regions, including Guangdong, Zhejiang, Shandong, Anhui, Henan, Heilongjiang, Guizhou, Sichuan, Shaanxi, and Ningxia. The survey encompassed 50 counties and 156 townships nationwide. A total of 300 village questionnaires and over 3,800 farmer questionnaires were collected, gathering family member information from more than 15,000 individuals. This indicates a highly representative sample. The survey covers multiple aspects, such as agricultural production, farmers’ lives, and rural development, providing detailed data support for this study. Because this paper focuses on the impact of APS on farmers’ grain profits, the main research object is agricultural operators engaged in grain production. Therefore, to better identify causality, after selecting variables, this paper deleted samples of farmers who did not engage in grain cultivation and excluded samples with missing and abnormal data values. In the end, this study obtained a total of 1,523 valid samples of farm households. Therefore, the data used in this paper is cross-sectional data containing 1,523 sample households.



3.2 Variable description


3.2.1 Dependent variable

The dependent variable in this study is the net profit from grain production (Profit1), represented by the net income from grain production. Considering that purchasing APS also increases agricultural production costs, this article uses the net profit of grain production, which can better reflect the cost-effectiveness of food production, as the dependent variable for the baseline regression. In addition, we use the net profit per mu of grain production (Profit2) as the dependent variable for robustness testing. In order to mitigate the impact of heteroscedasticity on model estimation and address the issue of extreme values in income variables, this study logarithmically transformed the two variables mentioned above.



3.2.2 Independent variable

Whether to adopted APS (APS1) is the core independent variable of this paper. This study designates households who adopted APS in at least one of the six links of cultivation, sowing, pesticide application, fertilization, irrigation, harvesting and transportation as the treatment group. The control group comprises households that did not adopt APS in any of the aforementioned six links. In addition, this study utilizes number of links in which farmers adopt APS (APS2) and the proportion of expenditure on purchasing APS to total expenses to measure the degree of APS utilization (APS3). These are considered as core independent variables in the robustness testing section.



3.2.3 Control variable

Considering that household head characteristics, family characteristics, agricultural production characteristics, village characteristics, and regional features may all have an impact on farmers’ grain profits, this study, referring to the research conducted by Chang et al. (2023) and Wang et al. (2023), selects relevant control variables from these various dimensions. The individual characteristics variables of household heads include gender, age, education, health, and political identity (Liu et al., 2022b). Family characteristics variables include family size, labor force, subsidies, internet, social capital, and financial capital. For agricultural production characteristics variables, farmland size and planting structure are included. Village characteristics variables include the distance and economic level. At the same time, considering the differences in policies, natural conditions, and other factors among different regions, this study also controls the region.



3.2.4 Instrumental variable

The econometric method employed in this study necessitates at least one instrumental variable for estimating the model. Referring to the research conducted by Liu and Wu (2022) and Zhang Y. et al. (2023), this study utilizes the proportion of other households in the village adopting APS, the average number of links in which other households in the village adopting APS, and the average proportion of service expenses adopted by other farmers in the village to the total cost as instrumental variables. According to social network theory, whether other farmers in the same village adopt APS and the degree of APS adoption can influence a farmer’s decision to adopt APS. However, it is evident that this does not directly affect the farmer’s own grain production profits. Therefore, the instrumental variables chosen in this study theoretically satisfy both relevance and exogeneity, making them suitable instrumental variables.



3.2.5 Mechanism variables and moderating variables

Based on the theoretical analysis mentioned above, this paper posits that APS primarily enhance farmers’ grain profits through three paths: increasing grain yield, reducing production costs, and improving the efficiency of grain production. To validate these mechanisms, the paper selects yield, cost, and technical efficiency of grain production as mechanism variables, reflecting the effects of increased yield, cost savings, and efficiency improvements, respectively. Additionally, this study selects the degree of farmland fragmentation as a moderating variable to examine the heterogeneous impact of APS on farmers with different farmland endowment. The definitions and descriptive statistics of the above variables are shown in Table 1.



TABLE 1 Variable definition and descriptive statistics.
[image: Table1]




3.3 Descriptive statistics

From the descriptive statistical data of each variable reported in Table 1, it can be seen that out of the 1,523 sample households, 1,172 households adopted APS, accounting for approximately 76.95% of the total sample households. The average age of the surveyed household head is 55.38 years old, and the average education level is 7.76 years. The education level of the sample household heads is generally low, and the average age is relatively old. The average scale of farmland operated by the sample households is 25.89 mu, and the proportion of the planting area of the three main grains to the total operating area is 92.71% on average. The average number of farming plots managed by households is 5.64, indicating a high degree of fragmentation of the farmland operated by the sample farmers.



3.4 Econometric models and methods


3.4.1 Baseline regression model

To estimate the impact of APS on farmers’ grain profits, this paper establishes the following econometric model:

[image: image]

In Equation 1, the dependent variable [image: image] represents the grain production profits of farm-household i; the core independent variable [image: image] is whether farm-household i adopted APS; [image: image] represents other variables that affect the grain profits from farm-household i, including personal characteristics of the head of household, family characteristics, agricultural production characteristics, village characteristics, and regional characteristics; [image: image], [image: image]and [image: image]are the coefficients to be estimated; and [image: image] is the random error term.



3.4.2 Estimation methods

Firstly, this paper uses the ordinary least square (OLS) to estimate the baseline regression model to preliminarily determine the impact of APS on farmers’ grain profits. Then, two stage least square (2SLS) is used to estimate the model to preliminarily determine whether there is an endogeneity problem in the model and to test whether the selected instrumental variables are valid.

As rational individuals, whether or not farmers adopt APS is often a “self-selection” that takes into account their own benefits. There are unobservable factors that affect both farmers’ decisions on adopt APS and farmers’ grain profits. The existence of such endogeneity issues can result in biased estimation results. In view of this, this study uses the endogenous switching regression model (ESR) proposed by Lee (1982) to estimate the profits effects of APS, so as to solve the problem of model endogenous. ESR has three main advantages. First, it simultaneously considers both observable and unobservable factors affecting the decision to adopt APS and farmers’ grain profits, thereby minimizing selection bias and endogeneity issues in the decision to adopt APS. Second, it enables the estimation of the factors influencing farmers’ grain profits for both households adopting and those not adopting APS. Third, it can establish a “counterfactual” estimate to further measure the impact of adopting APS on the changes in farmers’ grain profits, thus demonstrating more directly the relationship between APS and farmers’ grain profits (Ma and Abdulai, 2019).

This method mainly includes two stages. The first stage is the selection equation, which examines the influencing factors of whether farmers adopt APS. Whether farmers adopt APS is influenced by many factors, such as the personal characteristics of the head of household, family characteristics, and production characteristics. Farmers make production decisions by balancing internal and external conditions to maximize their own utility. The second stage is the result equation, which estimates the impact of various factors on grain production profits of two types of farmers who adopt and do not adopt APS. To further analyze the overall impact of APS, the ESR model can be used to estimate the average treatment effect on treatment (ATT) of the impact of APS on farmers’ grain profits. The calculation formula for ATT is:
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Evaluating the impact of APS on farmers’ grain profits requires information about the outcome of farmers adopting APS (actual outcome) and the outcome of these farmers had they not adopted APS (counterfactual outcome). In Equation 2, [image: image]represents the profits in grain production of farm-household i who adopted APS, [image: image]represents the profits in grain production of farm-household i who did not adopt APS.



3.4.3 Mechanism analysis method

The above methods only examined the impact of APS on farmers’ grain profits but failed to examine how APS affect farmers’ grain profits. At present, most of the research on the impact mechanism in the academic community relies on the mediation effect model. However, the stepwise regression method used in general mediation effect analysis does not fully consider the “counterfactual” causal inference framework, which cannot effectively identify the causal relationship between independent variables, mechanism variables, and dependent variables. In view of this, this paper refers to the research of Cai et al. (2022) and used the causal mediation analysis (CMA) model to explore the mechanism of the impact of APS on farmers’ grain profits. Compared with traditional mediation analysis methods, the advantage of this model is that on the one hand, it estimates the “average mediation effect” and “direct effect” based on the “counterfactual” framework, achieving causal inference between processing variables, mediation variables, and outcome variables. On the other hand, the basic approach of CMA to identify causal mediation effects is the Quasi-Bayesian Monte Carlo approximation, which is a method based on computer-simulated random experiments. Therefore, CMA can nest various linear, nonlinear, and even non-parametric estimation models within its framework and effectively address challenges such as selection bias that are often encountered in traditional statistical analyses. The specific identification procedures can be referred in Imai et al. (2010) and will not be detailed in this paper.





4 Empirical results analysis and discussion

Before conducting econometric analysis, we first tested the correlation and collinearity between the independent and control variables. The correlation test results show that the correlation coefficients between variables are all below 0.4, indicating that there is not a strong correlation between variables. The multicollinearity test also showed that the VIF values of the variance expansion factor for each variable were all below 1.2, indicating the absence of multicollinearity among the variables. Therefore, it is appropriate to conduct econometric analysis on the above variables.


4.1 Baseline regression results

The OLS regression results in columns (1) and (2) of Table 2 indicate that, without controlling for relevant variables, the estimated coefficient for the impact of APS on the profits of grain production is 1.424. After controlling for relevant variables, the estimated coefficient changes to 0.782. In both cases, the coefficients are statistically significant at the 1% level, demonstrating that APS improve farmers’ grain profits. This conclusion is generally consistent with the findings of Luan et al. (2022), based on a survey of 620 wheat farmers in Hebei, Shandong, and Henan provinces, which also reported a significantly positive impact of APS on grain profits. The estimation results of the 2SLS model indicate that the test statistic for the endogeneity test is 16.133, and it is significant at the 1% level. This suggests that the independent variable is an endogenous variable, indicating a substantial endogeneity issue in the model. In column (3), the results show that IV_APS1 has a significantly positive impact on APS1, indicating that the selected instrumental variable is strongly correlated with the endogenous independent variable. The K-P rk LM test statistic is 310.580 and is statistically significant at the 1% level, indicating the absence of identification issues. In the weak instrument test, the K-P rk Wald F test value is 577.394, exceeding the critical value of 16.38 provided by Stock-Yogo at the 10% significance level. Consequently, we reject the null hypothesis of “weak instrument” affirming the absence of weak instrument problems. After correcting for endogeneity issues using the instrumental variable approach, the regression results still demonstrate that APS significantly increase farmers’ grain profits.



TABLE 2 Baseline estimation results.
[image: Table2]

Column (5) in Table 2 presents the estimation results of the equation determining the decision to adopt APS. Columns (6) and (7) respectively display the estimation results of the grain profits determination equation for households that did not adopt APS and those that did adopt APS. The Wald test statistic for the independence of equations is 16.02, and it is statistically significant at the 1% level, indicating the presence of correlation between the selection equation and the outcome equation. ρ1 and ρ0 represent the correlation coefficients between the error terms of the decision model for adopting APS and the income effect models for both the adopting and non-adopting groups of households. The estimated value of ρ1 is statistically significant at the 1% level, suggesting the existence of unobservable factors simultaneously influencing farmers’ grain profits and the decision to adopt APS. This implies the presence of sample selection bias, and correcting for it is necessary to avoid biased estimation. The Wald chi2 value for the goodness of fit of the ESR model is significant at the 1% significance level, indicating a good model fit and overall stability of the estimation results.

According to the estimation results of the selection equation in the ESR model, when other conditions remain unchanged, IV_APS1 has a significant positive impact on APS1. That is, the higher the proportion of farmers adopting APS in the same village is, the greater the likelihood of farmers adopting APS. The younger the head of household is, the higher the education level, the lower the proportion of the household labor force, the more social capital the household have, the more the planting structure tends to be nongrain oriented, and the better the transportation conditions in the village are, the greater the probability of adopting APS. According to the estimated results of the effect equation of the adopting group and non-adopting group in Table 2, it can be seen that the education, family size, internet, social capital of farmers who have not adopted APS have a significant impact on their grain profits. For farmers who adopt APS, the health status of the household head, family size, government subsidies, planting structure, the economic level of the village, and regional factors have a significant impact on farmers’ grain profits. In addition, regardless of whether farmers adopt APS, the size of farmland has a significant impact on farmers’ grain profits. To obtain more intuitive results on the impact of APS on farmers’ grain profits, it is necessary to further estimate ATT.

The second row of Table 3 reports the actual and counterfactual estimates and the average treatment effect (ATT) of APS on farmers’ grain profits based on the ESR model. Compared to the mean differences presented in columns (6) and (7) of Table 2, the estimated results of the average treatment effects in Table 3, within the counterfactual framework, correct for observable and unobservable factors causing selection bias. The results indicate that adopting APS enhances the net income of grain production by 36.45% for treat group. Similarly, for households in control group, adopting APS leads to a 76.49% increase in the net income of grain production. This result is consistent with the findings of Sang et al. (2023), implying that farmers’ adopting APS significantly enhances their grain production profits. Based on this, the hypotheses H1 have been validated. This conclusion provides theoretical support for the phenomenon of promoting the widespread adoption of APS in agricultural development.



TABLE 3 The average treatment effect of APS on farmers’ grain profits.
[image: Table3]



4.2 Robustness test

To test the robustness of the above regression results, this paper adopts four methods for robustness testing: replacing the dependent variable, changing the sample size, changing the measurement method, and replacing the core independent variable.


4.2.1 Replace dependent variable

Taking into account the impact of farmland scale, this paper replaces the dependent variable with the net income per mu of grain production of households to test the robustness of the baseline regression. The first row of Table 4 shows the estimated average treatment effect (ATT) of the impact of APS on farmers’ grain profits based on the ESR model. The estimated results show that the ATT is 1.111, which is significant at the 1% statistical level, indicating that excluding sample selection bias, adopting APS by households can effectively improve farmers’ grain profits. Specifically, adopting APS will increase the net income per mu of grain production by 20.04%, which is consistent with the average treatment effect of APS on grain profits in Table 3. Hypothesis H1 has been validated again, and the results are relatively robust.



TABLE 4 Estimation results of robustness test.
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4.2.2 Change in sample size

To test the robustness of the baseline regression results, this paper retained 1,282 households that only planted three main grains and used the ESR model for further estimation. The second row of Table 4 reports the estimated average treatment effect (ATT) based on subsample regression. The results show that the estimated ATT value is 2.180 and passes the 1% significance level test, indicating that for farmers who use APS, their grain production profits will increase by 41.12%, slightly higher than the treatment results shown in Table 3. However, overall, the results are basically consistent, and the research findings remain stable.



4.2.3 Change measurement method

This paper also utilizes the endogenous treatment effect model (ETEM) to re-estimate the impact of APS on farmers’ grain profits, testing the robustness of the conclusions. The estimated results are presented in the third row of Table 4. The ATT value for the impact of APS on farmers’ grain profits, estimated using ETEM, is 1.629, indicating that adopting APS can increase the net income of grain production by 26.99%. The ATT results are essentially consistent with those shown in Table 3, reaffirming the robustness of the research findings.



4.2.4 Replace independent variables

The core independent variable of the baseline regression mentioned above is the binary selection variable, which only measures whether to use but failed to quantify the extent of the use of APS. Therefore, this paper selects the number of links in which farmers adopt APS (APS2) and the proportion of expenditure on purchasing APS to total expenses (APS3) as independent variables to conduct robustness checks on the baseline regression. As both of the above variables are continuous, this study employs the 2SLS method to estimate the model, and the estimation results are shown in Table 5. The results show that the coefficient of APS2 is 0.618, which is significant at the 1% statistical level. This indicates that the greater the number of links in the adopt of APS, the more it contributes to enhancing farmers’ grain profits. The coefficient of APS3 is 4.395, indicating that enhancing the application proportion of APS is beneficial for enhancing farmers’ grain profits. Further validation has confirmed the positive impact of APS on farmers’ grain profits.



TABLE 5 Estimation results of robustness test.
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4.3 Mechanism analysis

In order to reveal the mechanism of the impact of APS affect farmers’ grain profits, combined with the aforementioned theoretical analysis, and based on the theoretical analysis mentioned earlier, this paper employs the CMA model for the test of the mediating effect. According to the assumption “if the confidence interval does not include zero,” that is, when the upper and lower limits of the confidence interval are both positive (or negative), it indicates a significant positive (or negative) mediating effect. The estimated results of the Average Causal Mediation Effect (ACME) from Table 6 indicate that the ACME values for yield increase, cost reduction, and efficiency improvement are 0.061, 0.071, and 0.048, respectively. The confidence intervals for all these effects are positive and do not include zero, suggesting that APS significantly promote the enhancement of farmers’ grain profits through the mediating effects of increased yield, cost reduction, and efficiency improvement. Based on this, the hypotheses H2 have been validated.



TABLE 6 Estimation results of the causal mediation analysis model.
[image: Table6]

Simultaneously, the profits-increasing effect of APS is composed of 7.78% from the transmission mechanism of yield increase, 9.14% from the transmission mechanism of cost reduction, and 6.14% from the transmission mechanism of efficiency improvement. In comparison, the impact on farmers’ grain profits enhancement brought about by APS through the cost reduction effect is the largest, followed by the yield increase effect, with the mediation effect of the efficiency improvement being the smallest. This phenomenon could be attributed to the direct engagement of cost reduction in economic benefits related to resource utilization, resulting in a substantial direct influence on the net income of farmers. Although increasing production positively affects the overall yield, its mediating effect tends to be comparatively smaller when factoring in the consideration of costs.

In addition, the above mediation effect test results are based on the “sequence negligibility hypothesis,” which is the correlation coefficient (ρ) between the disturbance term of the mediation variable predictive model and the disturbance term of the outcome variable predictive model is zero. However, in practice, there may be unobservable confounding factors that violate this strong assumption, leading to biased estimates of ACME. Therefore, a sensitivity analysis is needed to verify the robustness of the causal mediation effect estimation results. This paper refers to the approach of Imai et al. (2010), by relaxing the assumption that ρ is zero and providing different values for ρ, we obtain the trajectory of ACME as ρ varies. If a small ρ results in a significantly different ACME compared to the case where ρ is zero, it indicates sensitivity to the violation of the sequence negligibility hypothesis, suggesting that the estimation results are not robust. Table 6 shows the values of ρ when the ACME for the three mediating variables is zero, which are 0.076, −0.062, and 0.076, respectively. Taking the technical effect as an example, ρ = 0.076 implies that if there are unobserved confounders, the variance of at least one confounder in the mediation test model accounts for no less than 0.076 of the variances of the error term. The adjusted R-squared values for the mediation test models are 0.031 and 0.126, and the corresponding R-squared values for the error terms are 0.969 and 0.874. Multiplying by 0.076 gives the proportion of the unobserved confounder variance to the total model variance, which is 0.074 and 0.066, respectively. With around 15 control variables, the explanatory power of our control variables exceeds the cumulative explanatory power of multiple covariates. Therefore, we have reason to believe that the possibility of such con-founders is extremely low, indicating the robustness of the estimation results.



4.4 Heterogeneity analysis


4.4.1 Heterogeneity analysis based on the level of farmers’ grain profits

This study not only focuses on whether and how APS affect farmers’ grain profits but also examines the impact of APS on the grain profits disparity among rural house-holds. This paper uses the instrumental variable quantile regression (IVQR) method to test the impact of APS on farmers’ grain profits at different levels. Thus, it can be determined whether APS is beneficial for improving the grain profits of low-profit households and reducing the disparity in grain production profits among households.

As shown in Table 7, as the grain profits of households varies from the 10th percentile to the 90th percentile, the estimated coefficients of APS sequentially decrease. Moreover, at the 90th percentile, the estimated coefficient is no longer significant. This indicates that the effect of adopting APS on increasing grain profits is more pronounced for households with lower grain profits. In other words, APS can significantly reduce the profits disparity in grain production among households. This may be attributed to the fact that low-profits farmers often encounter constraints in terms of technology and resources. The provision of APS can significantly mitigate these limitations, thereby exerting a more pronounced impact on their grain production profits.



TABLE 7 The estimated impact of APS on farmers’ grain profits at different levels of grain profits.
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4.4.2 Heterogeneity analysis based on the size of farmland

The above analysis treats the sample households as a homogeneous whole. However, in reality, due to differences in operating scale, households may vary significantly in production capacity, operational goals, resource endowments, service needs, etc. As a result, the impact of APS on grain profits may vary among different households. Therefore, following the classification criteria of the Food and Agriculture Organization of the United Nations, this paper categorizes households with an operating area of less than 30 mu (2 hectares) as small-scale households and households with 30 mu or more as large-scale households. Subsequently, it further analyses the impact of APS on the grain profits of households with different scales. As shown in Table 8, columns (1) and (2), adopting APS leads to a 1.46% increase in grain profits for small-scale households. However, for large-scale households, adopting APS does not have a significant impact on their grain profits. This conclusion aligns with the findings of Zhang Z. et al. (2023), indicating that the increase in production efficiency and income for small-scale households is significantly higher than for large-scale operating house-holds through adopting APS.



TABLE 8 The estimated heterogeneity effects of APS on grain profits for households with different levels of farmland operating scale and fragmentation degree.
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4.4.3 Heterogeneity analysis based on farmland fragmentation

The impact of APS on farmers’ grain profits may be constrained by the fragmentation of farmland. To verify this inference, this paper adds the degree of farmland fragmentation and its interaction with APS in Equation 1 to examine the moderating effect of farmland fragmentation on the relationship between APS and farmers’ grain profits. The estimated results are shown in column (3) of Table 8. The estimated coefficient between the degree of farmland fragmentation and the interaction term of APS is-0.118, which is significant at the statistical level of 5%. It can be observed that the impact of APS on grain profits is significantly higher for households with low farm-land fragmentation compared to those with high farmland fragmentation. In other words, farmland fragmentation weakens the positive effect of APS on farmers’ grain profits. These findings further corroborated some of the research findings of Hao et al. (2023) and Wang et al. (2020).





5 Discussion

This study analyzes the role of agricultural productive services in increasing farmers’ grain profits. Empirical research shows that agricultural productive services play a positive role in responding to the impact of small-scale farmers’ scattered management on grain profits. In the context of the global food crisis and food trade protection, the results of this study provide important guidance for policymakers. It should be emphasized that there are many types of agricultural productive services, and the impact effects of different types of agricultural productive services on farmers’ grain profits are not the same. Some agricultural productive services may even have costs that exceed their benefits. Therefore, it is necessary to conduct in-depth research on the impact of different types of agricultural productive services on grain profits in the future. For example, further exploring the different impacts of adopting APS on grain profits in the links of plowing, sowing, management, and harvesting. Which one has a greater impact on grain profits, labor-intensive productive services or technology-intensive productive services. In addition, our research is an empirical analysis based on cross-sectional data, and it has not tested the long-term impact of agricultural productive services on grain profits. We hope to use large-sample panel data for further exploration in the future to verify and deepen our research results, and more accurately and comprehensively analyze the impact of agricultural productive services on grain profits and food security.



6 Conclusion and policy implications


6.1 Conclusion

Under the impetus of policy support and the demands of farmers, agricultural productive services have gradually emerged as an effective means to bridge the gap between small-scale farmers and modern agriculture. Leveraging data from the 2020 Chinese Rural Revitalization Survey encompassing 1,523 households engaged in grain cultivation, this study employs the ESR model and causal mediation analysis to examine the impact and underlying mechanisms of agricultural productive services on farmers’ grain profits. Furthermore, the research delves into the heterogeneous effects of agricultural productive services on grain profits across different types of farming households. The primary findings of this study can be summarized as follows.

Firstly, there is a significant difference on the average grain profit earned between householders who adopted agricultural productive services and those who did not. Agricultural productive services significantly enhance farmers’ grain profits, and this conclusion remains robust even after altering the dependent variable, sample size, core independent variables, and econometric methods. Secondly, Agricultural productive services contribute to increased grain profits through three pathways: increasing production, saving costs, and improving efficiency. Among these, the cost reduction pathway has the most substantial impact on enhancing farmers’ grain profits. Thirdly, there is heterogeneity in the impact of agricultural productive services on farmers’ grain profits. The positive effect of agricultural productive services is more pronounced for farmers with lower grain profits, while its influence is less significant for farmers with higher grain profits. This contributes to narrowing the income gap among farmers. Compared to larger-scale farms, agricultural productive services have a more noticeable effect on increasing grain profits for small-scale farms. The degree of farmland fragmentation significantly diminishes the positive impact of agricultural productive services on grain profits.



6.2 Policy implications

The concluding policy implications of this study are as follows. First, it is essential to fully recognize the importance of agricultural productive services in increasing farmers’ grain profits and promoting the sustainable production of grain, establish a sound agricultural productive service system, vigorously carry out agricultural productive services for the vast number of farmers, and fully unleash the role of agricultural productive services in reducing costs, improving quality, enhancing efficiency, and increasing income in grain production. Specifically, local governments in all regions should create a favorable institutional environment and financial support for the development of the agricultural productive service market, encourage all regions to support service organizations in providing public welfare production services for farmers through methods such as government adopt of services, rewards instead of subsidies, and subsidies after services, so as to promote the increase of farmers’ grain profits through service scale and ensure the sustainable production of grain. Second, it is necessary to give full play to the role of agricultural productive services in promoting the organic connection between small householders and modern agriculture, innovate service methods, optimize service capabilities, so that more small householders can obtain high-quality services and technical support at a lower cost, and thereby increase the grain production profits of small householders and enhance their enthusiasm for growing grain. Third, it is crucial to create favorable external conditions for the development of agricultural productive services to ensure that more farmers can benefit from them. Specifically, it is necessary to gradually strengthen the governance of fragmented cultivated land, promote the moderately scaled operation of contiguous land, and remove obstacles for the promotion and application of agricultural productive services, so that agricultural productive services can give full play to their advantages and better provide farmers with all-round and multi-level professional services.
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