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Abstract


Socialized services are crucial for addressing the issue of “who will farm the land” and subsequently enhancing agricultural economic resilience (AER). However, few studies have examined the mechanisms and effects of socialized services on AER. Consequently, this study aims to elucidate the impact and mechanisms of socialized services on AER, with the objective of providing new policy recommendations for enhancing AER and ensuring food security. Based on provincial panel data from China spanning 2009 to 2021, this paper examines the impact and mechanisms of socialized services on AER using a two-way fixed effects model, a mediated effects model, and a panel threshold model. The findings reveal that socialized services significantly enhance AER. Mechanism analysis indicates that socialized services enhance AER by accelerating the substitution of machinery for manpower and promoting the efficiency of labor division. Heterogeneity analysis indicates that in regions with high grain cropping ratios and high internet penetration rates, the enhancement effect of socialized services on AER is stronger. Further analysis uncovers a significant nonlinear threshold effect of socialized services on AER. The impact becomes more pronounced when AER surpasses 0.4689. Consequently, this study argues that in the process of constructing a modern agricultural business system, it is essential to focus on improving the differentiated socialized service system and accelerating the development of rural digital infrastructure.
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1. Introduction


Agricultural economy resilience (AER) is crucial for ensuring stable and increased grain production and the steady supply of key agricultural products, which involves food security [1]. Particularly, as the world’s largest grain producer (Figure 1), China is currently at a pivotal juncture in transitioning from traditional to modern agriculture. The enhancement of AER in China is not only significant for ensuring global food security but also offers valuable insights for other countries and regions undergoing similar transitions. Currently, small farmers constitute more than 98% of agricultural operators in China, and their cultivated land accounts for 70% of the total agricultural area. This indicates that numerous small-scale agricultural operations remain essential for ensuring stable grain production and the steady supply of key agricultural products [2,3]. However, during the process of agricultural modernization in China, non-agricultural employment has become the primary source of income for rural households. This shift has led to a gradual transfer of high-quality rural labor to non-agricultural sectors, resulting in a shortage of agricultural labor [4,5,6]. Additionally, factors such as insufficient capital among small farmers, small-scale land operations, and inefficient land transfers [1] have made it difficult for small farmers to effectively meet the challenges of limited agricultural labor, weak risk resistance, and high response costs [7]. These challenges undoubtedly weaken AER and threaten food security [2].



In this context, socialized services can not only promote the large-scale operation of land and accelerate the process of the mechanical substitution of manpower under the premise of keeping the land management right unchanged, but they can also help to activate the advantages of the specialized division of labor in the agricultural industry [8,9] and enhance the application level of new agricultural machinery and agricultural technology [10]. This means that socialized services not only help to alleviate the problem of the abandonment and semi-abandonment of arable land caused by the shortage of agricultural labor, but they also enhance the ability of farmers to withstand natural and social risks [11], thus providing a new realization path to enhance AER. For this reason, the central No. 1 document of the past three years has repeatedly emphasized the need to accelerate the construction of socialized services. Socialized services have become a key hand in structuring a new agricultural business system and guaranteeing food security and the stable supply of important agricultural products [12,13] and have been given high policy expectations.



Nevertheless, socialized services, to a certain extent, are similar to “hired labor” and essentially constitute a “Principal–Agent” relationship. This relationship introduces significant moral hazard. Additionally, farmers lack the necessary education and resources to protect their rights. As a result, the efficiency of socialized services may be lower than that of family self-employment [14]. Additionally, the regional, cyclical, and uncertain nature of agricultural production complicates identifying quality differences in socialized service supply within a short period. This situation results in high transaction costs for farmers acquiring socialized services [7]. When these transaction costs surpass the division-of-labor benefits of socialized services, their positive effects on AER diminish. So, whether agricultural socialization services can enhance AER, its inherent theoretical mechanisms, and how to develop effective policy measures and other issues gradually become the theory and practice of important issues that need to be resolved, but also this paper intends to address the key scientific issues.



Currently, few studies have directly explored the relationship between socialized services and AER. Most scholars have primarily focused on a single dimension of socialized services and AER. From the perspective of AER, existing studies primarily focus on the quantitative measurement of AER and its influencing factors. It is widely recognized that AER refers to the agricultural economy’s ability to quickly recover to its pre-shock equilibrium state when it suffers an adverse shock [2]. In this regard, most scholars construct the index system of AER from the perspectives of resistance, resilience, and adaptability based on the theoretical framework of “Pressure–State–Response.” They then measure AER using the entropy value method [15,16]. Additionally, many scholars have explored the impact of digitalization and agricultural insurance on AER from various perspectives. The findings indicate that the digital economy, digital infrastructure, digital village construction, digital finance, digital agriculture integration, e-commerce participation, and agricultural insurance all contribute to enhancing AER [17]. Furthermore, some studies have found that population aging increases the probability of land abandonment and semi-abandonment, which in turn reduces AER [16]. However, no relevant study has yet considered the impact of socialized services.



Regarding socialized services, most scholars primarily focus on exploring their impact on increasing farm household income, narrowing the internal income gap in rural areas, reducing the use of chemical fertilizers and pesticides, improving agricultural production efficiency, enhancing grain production capacity, and promoting agricultural technological progress [18,19,20]. For example, Chen et al. [13] contend that socialized services accelerate the adoption of new agricultural machinery and technologies. Huan et al. [8] also find that socialized services promote the adoption of sustainable technologies by farmers. Cai et al. [21] further find that socialized services contribute to increased grain yields. Additionally, although some scholars have indirectly analyzed their impact on AER in terms of the abandonment and semi-abandonment of arable land caused by population aging and labor shortages, there has not yet been any direct and in-depth related research. For example, Zhang et al. [22] find that socialized services can reduce production costs and enhance agricultural production efficiency, thereby reducing the incidence of fallow and semi-fallow land. Similarly, empirical research by Lu et al. [23] using micro-survey data from farmers indicates that socialized services help curb the practice of leaving farmland fallow. However, Yang and Li [24] point out that socialized services accelerate the non-farming transfer of high-quality agricultural labor. This may increase the risk of cropland abandonment and semi-abandonment and thus indirectly impact AER.



In summary, significant progress has been made in existing studies. Nevertheless, there are still several significant areas remaining for further exploration. First, direct investigations into the relationship between socialized services and AER are relatively rare, making it insufficient to conclusively determine whether agricultural socialized services can enhance AER. Second, most existing studies utilize micro cross-sectional survey data from representative regions to investigate the positive effects of socialized services. This approach may suffer from sample selection bias and endogeneity issues due to omitted variables, thereby affecting the accuracy of the estimation results. Third, the internal mechanisms through which socialized services affect AER remain unclear. Fourth, the heterogeneous characteristics and threshold effects of the impact of socialized services on AER require further validation, which is crucial for the optimization of agricultural policies. Therefore, this paper investigates the impact of socialized services on AER and its underlying mechanisms by utilizing provincial panel data from China spanning 2009–2021, employing econometric models.



The key contributions of this study are as follows: First, it is the first to explore the intrinsic relationship between socialized services and AER, thereby expanding the research perspective on the positive functions of such services, which provides a new theoretical pathway for ensuring food security and, consequently, achieving the Sustainable Development Goal of eradicating hunger. Second, based on the provincial macro-panel data of China, this study utilizes a bidirectional fixed effects model to explore the positive effects of socialized services, thereby mitigating the issues of sample selection bias and endogeneity arising from omitted variables in representative micro-level household survey data. Third, a theoretical analytical framework of “Substitution–Division” for socialized services is constructed, and the mechanisms through which socialized services impact AER are examined using econometric analysis. This not only enriches the research outcomes in the field of socialized services and AER but also offers valuable insights for studies integrating such services into other research domains. Fourth, this study delves into the nonlinear threshold effects and heterogeneous characteristics of socialized services on AER. These findings help governmental bodies better understand the characteristics of the impacts of socialized services on AER, providing new policy references for further improvement in both the socialized service system and modern agricultural production and management systems.



The rest of this paper is organized as follows: Section 2 defines the basic concept of AER and constructs a theoretical framework for the impact of socialized services on AER, following the theoretical logic of “Substitution–Division.” Section 3 explains the research methods employed in this paper, including the two-way fixed effects model, mediated effects model, and panel threshold model, and introduces variable selection and data sources. Section 4 presents the analysis of the empirical results, including basic regression results, impact mechanism analysis, threshold effects analysis, and heterogeneity analysis. Section 5 summarizes the research conclusions, highlighting the connections and differences with existing research findings. Section 6 discusses the potential policy implications and research limitations of this paper.




2. Theoretical Analysis and Research Hypotheses


AER represents an extension and deepening of the resilience concept within the agricultural sector [25,26,27]. It refers to the capacity of agricultural economic systems to rapidly return to a pre-shock equilibrium state when confronted with natural shocks, such as floods, frost, and pest infestations, as well as social shocks like public health incidents and disruptions in agricultural supply chains [28]. It encompasses at least three components: (1) the capacity to resist and absorb various internal and external shocks; (2) the ability to rapidly recover to the original equilibrium state post-shock; and (3) the adaptive capability to mitigate the impact of similar shocks in the future [29]. Consequently, AER is essential for ensuring stable and increased food production, a steady supply of critical agricultural products, and national food security during agricultural modernization.



Theoretically, socialized services not only help accelerate the substitution of machinery for manpower and alleviate the issues of land abandonment and semi-abandonment caused by labor shortages, but they also improve the specialized capacity to cope with agricultural risks through the efficiency of labor division. This, in turn, enhances the resilience and adaptability of the agricultural economy to adverse shocks, thereby contributing to the enhancement of AER. Therefore, this paper primarily elucidates the internal mechanisms through which socialized services influence AER, focusing on the substitution effect and the division of labor effect (Figure 2).



2.1. Substitution Effects of Socialized Services: Accelerating Substitution of Machinery for Manpower


By leveraging the scale advantages of mechanized operations, socialized services can effectively reduce mechanical operation costs, thereby alleviating issues such as farmers’ unwillingness, inability, and uneconomic viability to plant. Consequently, this accelerates the process of replacing manpower with machinery [30]. In fact, China exhibits typical “big country, small farmers” characteristics, with small farmers accounting for more than 98% of agricultural business entities and about 70% of the total arable land area [31]. Small-scale agricultural production and operations remain crucial for ensuring food production and the stable supply of essential agricultural products. However, the “working economy” has led to a gradual increase in non-farm employment income for farming households, surpassing agricultural operations’ income and becoming the primary source of household income (the China Statistical Yearbook shows that the total disposable income per capita in rural areas in 2023 was RMB 21,691. Of this, wage income, business income, property income, and transfer income will be RMB 9163, RMB 7431, RMB 540, and RMB 4557, respectively.). In this context, motivated by profit, rational farmers tend to allocate high-quality labor resources to non-agricultural fields with higher returns [8]. This shift has led to the gradual withdrawal of high-quality labor from the land, exacerbating the issue of abandoned and semi-abandoned arable land due to the shortage of agricultural labor [6].



Nevertheless, due to the limitations of smallholder production, smallholder farmers face deficiencies in human, financial, and cultural capital. Combined with inefficiencies in the rural financial market and the small scale of smallholder farmland operations, these factors make it difficult for individual farmers to fully capture the economies of scale of mechanized operations. This slows the process of replacing manpower with machinery. Coupled with the underdevelopment of the land transfer market [9], it is difficult in the short term to effectively alleviate the issue of abandoned and semi-abandoned arable land due to the shortage of agricultural labor. This situation threatens the sustainability of agricultural production and operations, exacerbating the vulnerability of agricultural production.



In this context, socialized services can integrate farmers’ land resources without altering land management rights, enabling large-scale mechanical operations at low marginal costs [32]. This accelerates the process of mechanical substitution for manpower, significantly improving the operational efficiency of labor-intensive agricultural production, such as plowing and harvesting, and reducing labor costs [30]. This not only promotes the accelerated integration of small farmers into the modern agricultural division of the labor system but also effectively reduces the phenomenon of abandoned and semi-abandoned arable land due to the shortage of agricultural labor [3]. This enhancement helps increase the sustainability of agricultural production and operations, thereby strengthening AER. From this theoretical perspective, the development of socialized services helps accelerate the process of mechanical substitution for manpower, thereby reducing the shortage of agricultural production labor caused by abandoned and semi-abandoned farmland. Consequently, socialized services enhances AER.




2.2. Division Effects of Socialized Services: Promoting Efficiency of Labor Division


Socialized services can break down the entire agricultural production process into individual independent production and operation links [19,32] and enhance the resilience of farmers to cope with adverse natural shocks, such as floods, droughts, and pests and diseases, by improving their specialized ability to cope with adverse natural shocks through the specialized division of labor and by helping them to recover to the pre-shock level of yields as soon as possible after adverse shocks, thus enhancing the resilience of farmers to cope with adverse shocks [18].



Although agricultural production encounters various adverse shocks, the primary challenges are natural disasters such as floods, droughts, pests, and diseases, as well as yield reductions or even crop failures due to the improper application of fertilizers and pesticides. Meanwhile, the latest agricultural census data indicate that 210 million households still operate with less than 10 acres of cultivated land [31], signifying that smallholder farming remains a significant mode of agricultural production. However, smallholder production generally displays weak resilience to various shocks [8]. Furthermore, with the gradual dissolution of the traditional rural business model, market employment relationships have progressively supplanted traditional rural ties based on geography, blood, and kinship [24]. Consequently, the manner in which farmers resist adverse shocks has transitioned from collective defense to individual resistance. This transition not only undermines the already fragile resilience of farmers but also significantly elevates the threshold and cost of coping with adverse shocks, resulting in individual farmers being unable to manage natural shocks such as floods, droughts, pests, and diseases. Ultimately, this leads to substantial crop reductions or even failures. This situation poses a significant threat to the sustainability of agricultural production and affects the willingness of the agricultural labor force to remain engaged, thereby diminishing AER.



The specialized division of labor in socialized services not only enhances the effectiveness of responses to adverse shocks but also reduces the costs associated with these responses [33]. This, in turn, contributes to increased post-shock recovery resilience [18], ultimately strengthening AER. For example, socialized service organizations can swiftly diagnose pest and disease types, procure pesticides, and utilize advanced spraying equipment to carry out pest and disease control operations with precision, speed, and efficiency, all at relatively lower transaction costs. When individual farmers face adverse shocks such as pests and diseases, they can procure spraying services from socialized service organizations. This enables them to leverage the specialized division of labor, thereby alleviating issues related to insufficient pesticide knowledge and high application costs. This enhances their ability to respond to and control pests and diseases, reducing the risk of crop yield reduction and total crop failure [18], thereby strengthening AER. From this theoretical perspective, the development of socialized services enhances the efficiency of labor division [34]. This, in turn, bolsters farmers’ resilience to adverse shocks such as pests, floods, and droughts, ultimately fortifying AER.



In summary, socialized services can bolster AER by accelerating the substitution of machinery for manpower and enhancing labor division efficiency. To this end, the following hypotheses are proposed:



H1: 

Socialized services contribute to AER.





H2: 

Socialized services enhance AER through the substitution of machinery for manpower and the enhancement of labor division efficiency.







3. Models, Variables, and Data


3.1. Modeling


To explore the impact of socialized services on AER, an individual effects model is constructed based on the approach of Chang et al. [35], considering the characteristics of panel data. On this basis, the Hausman test is employed to determine the estimation efficiency between the random effects model and the fixed effects model. The results significantly reject the null hypothesis (the Hausman’s test is chi2 = 32.09 ***), indicating that the fixed effects model has higher estimation efficiency. Furthermore, common time trend characteristics among variables are considered, which may lead to biased estimation results. To address this issue, and following the approach of Lin and Huang [36], the time trend term is incorporated into the fixed effects model, thereby constructing a two-way fixed effects model, specified as follows:


   Y  i t   =  β 0  +  β 1   X  i t   +  ∑   β k  C o n t r o  l  k i t     +  u i  +  λ t  +  ε  i t    



(1)







Equation (1) primarily examines the direct impact of socialized services on AER. In this context,   Y , X , C o n t r o l   represent the dependent variable, independent variable, and control variable set, respectively. The dependent variable is AER; the independent variable is socialized services; and the control variable set includes seven categories: urbanization rate, industrial structure, size of population, level of digitalization, government intervention, farmers’ income structure, and labor employment structure.    β 1    is the parameter to be estimated to identify the impact of socialized services on AER;    u i  ,  λ t  ,  ε  i t     are the individual effect, time effect, and error term, respectively; and   i , t , k   are the region, time, and type, respectively. To mitigate the effect of heteroskedasticity on the estimation efficiency, the above regression process uses cluster-robust standard errors.



In order to further clarify the impact mechanism of socialized services on AER, this study adopts the mediation analysis approach proposed by Zhou et al. [1] and introduces a mediation effect model, specified as follows:


   Y  i t   =  β 0  +  β 1   X  i t   +  ∑   β k  C o n t r o  l  k i t     +  u i  +  λ t  +  ε  i t    



(2)






   Z  i t   =  ∂ 0  +  ∂ 1   X  i t   +  ∑   ∂ k  C o n t r o  l  k i t     +  u i  +  λ t  +  ε  i t    



(3)






   Y  i t   =  l 0  +  l 1   X  i t   +  l 2   Z  i t   +  ∑   l k  C o n t r o  l  k i t     +  u i  +  λ t  +  ε  i t    



(4)







Equations (2)–(4) are mainly used to examine the transmission mechanism of socialized services affecting AER. z is the transmission mechanism variable, covering two categories, such as the substitution of machinery for manpower and improvement in the efficiency of labor division;   ∂ , l   are the parameters to be evaluated to validate the effect and magnitude of the transmission mechanism.



To test the nonlinear threshold characteristics of how social services impact AER, drawing on the methodology proposed by Cai et al. [21], a panel threshold model is introduced and is specified as follows:


     Y  i t     =  β 0  +  β 1   X  i t   × I ( M ≤  γ 1  ) +  β 2   X  i t   × I (  γ 1  < M ≤  γ 2  ) + … +  β n   X  i t   × I (  γ  n − 1   < M ≤  γ n  )       +  β  n + 1    X  i t   × I ( M >  γ  n + 1   ) +  ∑   β k  C o n t r o  l  k i t     +  u i  +  λ t  +  ε  it      



(5)







In Equation (5),   M , γ   denote the threshold variable and threshold value, respectively, where the threshold variable is AER, and the size and number of the threshold value are determined by the threshold test. The above regression process also adopts cluster-robust standard errors to mitigate the effect of heteroskedasticity on estimation efficiency.




3.2. Description of Variables


3.2.1. Explained Variable: AER


AER refers to the capability of the agricultural economy to swiftly return to its pre-shock equilibrium state following an adverse shock [15,28]. This study, building on the definition of AER and relevant research findings [29], constructs and refines the indicator system for AER from three perspectives, resistance, resilience, and adaptability (Table 1), and introduces the entropy value method to measure AER. Resistance is evaluated from the perspectives of disaster resistance and production resistance. Resilience is assessed based on ecological resilience and production resilience. Adaptability is represented by innovation adaptability and transformational adaptability.




3.2.2. Core Explanatory Variables: Socialization Services


Socialized service refers to the form in which the main body of agricultural production and management divides the entire agricultural production process into several independent stages and subcontracts these stages to external management entities. Among these, the most prominent form of service is the socialized mechanization service [12]. Therefore, considering the availability of data, the number of agricultural mechanization service organizations is used to represent socialized services (Table 2).




3.2.3. Control Variables


In this paper, the urbanization rate, industrial structure, size of population, level of digitalization, government intervention, farmers’ income structure, and labor employment structure are used as control variables (Table 2). Specifically, the urbanization rate is represented by the ratio of the urban resident population to the total resident population; the industrial structure is quantified by the ratio of the added value of the primary industry to that of the secondary and tertiary industries; the size of the population is determined by the number of permanent residents at the end of the year; the level of digitization is represented by the total volume of postal and telecommunications services; government intervention is quantified by general budgetary expenditures; farmers’ income structure is determined by the ratio of wage income to total income; and the labor employment structure is indicated by the ratio of employment in the primary industry to total employment.




3.2.4. Mechanism Variables


Mechanism variables include the substitution of machinery for manpower and improvement in the efficiency of labor division (Table 2). Among these, the substitution of machinery for manpower is measured by the average labor power of machinery in the primary industry, and the efficiency of labor division improvement is measured by the average labor grain output in the primary industry.





3.3. Data Sources


Data from the 2009–2022 China Agricultural Machinery Statistical Yearbook, China Labor Statistical Yearbook, China Population and Employment Statistical Yearbook, China Statistical Yearbook, China Rural Statistical Yearbook, China Insurance Statistical Yearbook, China Science and Technology Statistical Yearbook, Provincial and Municipal Statistical Yearbooks, and Peking University’s Center for Digital Finance were used, with some of the missing data filled in by interpolation.





4. Empirical Analysis


4.1. An Analysis of the Impact of Socialized Services on AER


4.1.1. Basic Regression Analysis


A two-way fixed effects model was introduced to examine the impact of socialization services on AER. The results are presented in Table 3. In addition, in order to avoid estimation bias caused by multicollinearity, variance inflation factor (VIF) analysis was applied to all variables. The results showed that the maximum VIF value was 6.33, which is less than the threshold of 10, indicating no significant multicollinearity among the variables. This confirms that the variable selection was reasonable.



The results in Table 3 indicate that, irrespective of the inclusion of control variables, the impact coefficient of socialized services on AER remains significantly positive, suggesting that socialized services contribute to the enhancement in AER. In fact, smallholder farmers remain the key mainstay in securing food production and the stable supply of important agricultural products [31]. However, rational small farmers, driven by profit, often allocate labor resources to non-agricultural fields with higher returns. This behavior leads to a gradual shortage of labor for agricultural production. Coupled with the underdevelopment of the land transfer market, this labor shortage has resulted in the abandonment and semi-abandonment of arable land, seriously impacting the continuity of agricultural production and operations. Additionally, due to the natural disadvantage of the uneconomical scale of smallholder production, their ability to withstand unfavorable natural and social shocks is weak. Furthermore, the gradual dissolution of rural ties based on geographic, blood, and kinship relations, along with the further weakening of communal defenses, has exacerbated the vulnerability of agricultural production.



In this context, socialized services can effectively alleviate the shortage of agricultural labor and reduce the likelihood of both the abandonment and semi-abandonment of arable land while keeping land management rights unchanged. At the same time, socialized services enhance the sustainability of agricultural production and operations through large-scale mechanized activities. Moreover, the scale and specialization advantages of socialized services enhance resistance and responsiveness to adverse shocks, such as pests and diseases, floods, and droughts, while reducing response costs. This may be an important reason why socialized services contribute to AER.




4.1.2. Robustness Tests


To verify the robustness of the impact of socialized services on AER, four re-estimation methods were utilized: substituting explanatory variables, transforming models, excluding direct-controlled municipalities, and winsorizing variables. The results are shown in Table 4. Substituting explanatory variables involved replacing the number of agricultural mechanization service organizations with the number of participants in these organizations. Second, to avoid biases from model selection affecting the estimation results, the two-way fixed effects model was replaced with a random effects model. Additionally, considering the unique characteristics of direct-controlled municipalities, we re-estimated the impact of socialized services on AER after excluding them. Finally, to avoid the influence of extreme values on the estimation results, we winsorized all variables at the 1% level.



The results in Table 4 show that, after a series of robustness treatments, the coefficients of the impact of socialized services on AER remain significantly positive. This indicates that socialized services significantly enhance AER, and the estimation results are robust.




4.1.3. Endogenous Discussions


To address endogeneity issues stemming from omitted variables and potential reverse causality, this study employs topographic relief as an instrumental variable and uses the 2SLS (Two-Stage Least Squares) method to re-examine the impact of socialized services on AER. Theoretically, the degree of terrain relief is an objective natural feature that does not directly affect AER. However, differing terrain conditions affect the cost and technical requirements of agricultural machinery operations and the application of agricultural technology. For example, in areas with high terrain undulation, the use of high-power agricultural machinery is inconvenient and is mostly replaced by small-power agricultural machinery. This difference leads to varying supply costs for socialized services, thereby impacting the development of regional socialized services. Therefore, the selection of instrumental variables is reasonable, as the degree of terrain undulation satisfies the requirements of exogeneity and relevance.



Furthermore, considering that the degree of terrain undulation does not change over time in the short term and does not satisfy the requirements of the panel 2SLS instrumental variable method, the degree of terrain undulation and the average level of socialized services nationwide, excluding the target region, are used as a new instrumental variable [37] to re-test the impact of socialized services on AER. Columns (1) and (2) of Table 5 respectively present the first-stage and second-stage estimation results of the 2SLS method using the aforementioned instrumental variables.



From columns (1–2) of Table 5, it can be observed that the first-stage F-value of the 2SLS instrumental variable method exceeds 10 and passes the 1% significance level test. Additionally, the CD-Wald F and KP-Wald F statistics both exceed the 10% critical value, further demonstrating the validity of the instrumental variables. Furthermore, the estimated coefficient of the impact of socialized services remains significantly positive, indicating that, after accounting for endogeneity issues stemming from omitted variables and reverse causality, socialized services still significantly enhance AER. Hypothesis H1 is thus confirmed.





4.2. An Analysis of the Mechanisms by Which Socialized Services Affect AER


The results of the previous analysis indicate that socialized services can significantly enhance AER. Next, this paper further explores the mechanisms through which socialized services enhance AER, focusing on the substitution effect and division of labor effect. In Table 6, columns (1–2) and (3–4) present the estimation results for the substitution effect and division of labor effect, respectively.



Firstly, considering the substitution effect, column (1) in Table 6 shows that the estimated coefficient of socialized services is significantly positive. Column (2) also indicates that the estimated coefficients for both the substitution of machinery for manpower and socialized services are significantly positive. This suggests that socialized services enhance AER by accelerating the substitution of labor with machinery. A possible reason for this is that socialized services, benefiting from their scale advantage in mechanized operations, can effectively reduce labor resource constraints and operating costs in labor-intensive agricultural production stages such as plowing and harvesting [33]. This accelerates the substitution of labor with agricultural machinery, alleviating issues such as farmers’ reluctance to plant, inability to plant, and the economic unviability of planting. Consequently, the likelihood of cropland abandonment and semi-obsolescence is reduced, enhancing the sustainability of agricultural production and operations, thereby improving AER.



Secondly, considering the effects of labor division, column (3) in Table 6 shows that the estimated coefficients of socialized services are significantly positive. Column (4) also shows that the estimated coefficients for both labor division efficiency improvement and socialized services are significantly positive. This indicates that socialized services strengthen AER by promoting the efficiency of labor division improvement. A probable cause of this is that socialized services, leveraging market mechanisms and the advantages of specialized labor division, can effectively mitigate losses stemming from the inexperience of individual farming entities following adverse shocks. This is achieved with relatively low coping costs by outsourcing individual processes such as fertilization, pesticide application, irrigation, etc., or by hosting the entire processes of plowing, planting, prevention, and harvesting. This enhances the resilience of farmers when facing adverse natural shocks such as pests, diseases, droughts, and floods, as well as adverse social shocks such as under- or over-fertilization, thereby improving AER.




4.3. A Heterogeneity Analysis of the Impact of Socialized Services on AER


The impact of socialized services on AER may be influenced by the proportion of grain cultivation and internet penetration rates, showing heterogeneity. Specifically, compared to cash crops, grain crops such as wheat, corn, and rice are field crops characterized by larger production scales and more standardized production processes. At the same time, their supporting agricultural machinery is more advanced, resulting in lower mechanization costs and higher economies of scale, thereby amplifying the impact of socialized services on grain crop production. Additionally, agricultural producers encounter high transaction costs when purchasing and utilizing socialized services. However, as internet penetration increases, the network effect becomes more prominent, providing a foundation for farmers to search for low-cost, high-quality information online in real time. This helps reduce transaction costs when acquiring socialized services, thereby enhancing their impact on improving AER.



In this context, elucidating the heterogeneous characteristics of the impact of socialized services on AER can enhance the rationality and effectiveness of the support policies of socialized services, thereby fortifying AER. Therefore, this study seeks to further elucidate the heterogeneous impacts of socialized services on AER from the perspectives of the proportion of grain cultivation and internet penetration rates. The proportion of grain cultivation is represented by the ratio of grain crop sowing area to the total crop sowing area and is categorized into high and low groups based on its mean value. Similarly, internet penetration rates are categorized into high and low groups based on their mean value. Columns (1–2) and (3–4) of Table 7 present the estimation results of the grouped regressions for different proportions of grain cultivation and internet penetration rates, respectively. To avoid the incomparability of coefficients between groups, the Fisher combination test is employed to examine the differences in coefficients.



As shown in Table 7, the Fisher combination tests for both grain cultivation proportions and internet penetration rates significantly reject the null hypothesis, indicating that the coefficients of the impact of socialized services on AER differ significantly between the groups. This suggests that the results of the grouped regressions are reliable and comparable. Additionally, columns (1–2) indicate that, regardless of the grain cultivation proportion, the impact coefficients of socialized services are significantly positive. At the same time, the coefficients are larger in regions with high grain cultivation proportions. This suggests that socialized services enhance AER more effectively in these regions. This may be related to the higher degree of standardization in grain production, which facilitates the realization of economies of scale in agricultural machinery. Similarly, columns (3–4) reveal that, regardless of the internet penetration rate, the impact coefficients of socialized services on AER are significantly positive. The coefficients are larger in regions with high internet penetration rates, indicating that socialized services are more effective in enhancing AER in these areas. This may be attributed to the network effects brought about by higher internet penetration rates, which help reduce the transaction costs associated with purchasing socialized services [7].




4.4. An Analysis of the Nonlinear Threshold Effect of Socialization Services Affecting AER


The impact of socialized services on AER may exhibit nonlinear threshold effects. To investigate this, we introduce a panel threshold model, using AER as the threshold variable to test for the nonlinear threshold effects of socialized services on AER. First, we determine the number of thresholds using the panel threshold model (Table 8).



Table 8 indicates that the F-value for the double threshold of AER is significant, whereas the F-value for the triple threshold is not, suggesting a double threshold effect. Subsequently, we apply the double threshold model to determine the threshold values of AER. Table 8 also reveals that the threshold values of AER are 0.3324 and 0.4689, both falling within the 95% confidence interval, confirming their validity. Therefore, based on the estimated threshold number and values for AER, we employ the double threshold panel model to analyze the nonlinear effects of socialized services on AER, as shown in Table 8.



Table 9 demonstrates that, irrespective of the threshold interval of AER, the coefficient for socialized services remains significantly positive. Furthermore, when AER exceeds 0.4689, the coefficient for socialized services increases. This indicates a nonlinear and incremental effect of socialized services on AER, which may be attributed to the inherent scale effects in socialized services.





5. Discussion


AER is crucial for the stable and increased production of food and the reliable supply of essential agricultural products. Particularly, as the world’s largest food producer, enhancing China’s AER is vital for ensuring global food security. However, during the ongoing transformation of agriculture in China, high-quality rural labor has gradually shifted to non-agricultural sectors, leading to a shortage of agricultural labor [4,5,6]. Additionally, factors such as insufficient farmer capital, small-scale farmland operations, and poor land transfer [1] make it difficult for farmers to effectively address challenges such as inadequate agricultural labor, weak risk resilience, and high coping costs [7]. Collectively, these factors undoubtedly impact AER and threaten food security [2]. Socialized services, as a key driver of agricultural modernization, are highly prioritized by the Chinese government. However, studies directly examining the relationship between socialized services and AER are scarce. Research has yet to determine whether socialized services can enhance AER, elucidate the underlying theoretical mechanisms, and formulate effective policy measures. To this end, this paper empirically examines the impact of socialized services on AER and its mechanisms using provincial macro-panel data, employing two-way fixed effects models and mediated effects models. The results of this study are as follows.



Firstly, socialized services enhance AER by accelerating the substitution of machinery for manpower and improving the efficiency of labor division. Although existing research has not directly explored the relationship between socialized services and AER, positive effects on the substitution of machinery for manpower and the efficiency of labor division have been widely acknowledged by scholars such as Li et al. [20], Zhang et al. [38], and Lu et al. [39], thereby indirectly supporting our findings. For instance, Li et al. [20] discovered that socialized services accelerate the substitution of machinery for manpower in agricultural labor. Zhang et al. [38] also confirmed that socialized services facilitate labor division in agricultural production. Lu et al. [39] further validated that socialized services enhance agricultural production efficiency.



Secondly, socialized services primarily bolster AER in regions with a high proportion of grain cultivation, while their effect is relatively minor in regions with a low proportion of grain cultivation. Additionally, in areas with high internet penetration rates, the positive impact of socialized services on AER is also more pronounced. Existing studies have indicated from multiple perspectives that the benefits of socialized services on agricultural development may exhibit significant regional heterogeneity, also indirectly supporting our findings [21,40,41]. For instance, Lu et al. [39] demonstrated that the positive effect of socialized services on grain production is more significant in major grain-producing areas. Cai et al. [21] found that the impact of socialized services on grain yield varies between major grain-producing areas and non-major grain-producing areas. Furthermore, Jiang et al. [40] found that rural internet infrastructure amplifies the positive effects of agricultural technological advancements on rural development.



Thirdly, the impact of socialized services on AER exhibits a nonlinear threshold characteristic: when AER exceeds 0.4689, the enhancement effect of socialized services significantly intensifies. This finding is similar to the conclusions of Cai et al. [21] and Wu et al. [3], who also identified a threshold effect of socialized services on grain production. This further corroborates the existence of a nonlinear threshold effect in the impact of socialized services on AER.




6. Conclusions


This paper systematically explores the impact and mechanisms of socialized services on AER, finding that these services enhance AER by accelerating the substitution of machinery for manpower and promoting the efficiency of labor division. Additionally, the impact of socialized services on AER exhibits heterogeneity and nonlinear threshold effects. Based on the above conclusions, the policy implications are as follows.



First, it is crucial to enhance the level and quality of socialized services to activate their effects on the substitution of machinery for manpower and the efficiency of labor division. This requires increasing subsidies for agricultural machinery purchases, enhancing the effective connections between agricultural research institutes and socialized service providers, and optimizing the interest linkage mechanisms among leading regional socialized service enterprises and small- to medium-sized socialized service groups, thereby creating a development pattern in which leading enterprises drive and smaller enterprises follow. Additionally, robust support for the development of socialized services should be provided through measures such as tax exemptions, tax reductions, and fee waivers to increase industry profitability, thus attracting more resources into the socialized services sector.



Second, increasing investments in the construction of digital infrastructure in grain-producing areas is crucial. Studies indicate that in regions with a high proportion of grain cultivation and high internet penetration rates, socialized services have a more significant impact on enhancing AER. Therefore, it is recommended to enhance policy support for the development of socialized services in major grain-producing areas and to increase government investments in the construction of digital infrastructure in rural areas to improve internet penetration rates.



Third, a differentiated support policy framework should be established to develop socialized services. The research findings indicate that when AER exceeds 0.4689, socialized services have a more pronounced impact on enhancing AER. Therefore, it is recommended to prioritize enhancing the government’s capability to identify AER levels across different regions, further elucidate the production and management characteristics of farmers in areas with high AER, and subsequently adjust the supply structure of socialized service products in a targeted manner, thereby optimizing support policies for the development of these services in those regions.



Although this paper enriches the theoretical connotations and practical implications of socialized services and AER, offering new theoretical perspectives and policy references for countries undergoing agricultural modernization transformation, it also presents the following limitations: First, the research methodology can be further innovated. Although the methodology used in this paper is mature and applicable, clarifying the intrinsic link between socialized services and AER, it lacks theoretical innovation. This is a limitation of this study. Future studies can re-examine this important issue by introducing new methods from statistics and economics to further enrich research in this field. Second, the data dimension can be further optimized. Although the provincial data used in this paper clarify the link between socialized services and AER in China as a whole, enhancing the generality of the research conclusions, urban data contain more samples and information compared to provincial data. This helps to increase the credibility of this study’s conclusions and further clarify the impact of socialized services on AER. The absence of city-level data on socialized services means that this paper can only use China’s provincial data to assess the impact of socialized services on AER, which is another limitation.
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Figure 1. Food production in the world’s top five food-producing countries, 2011–2022 (data are from the World Bank. In this figure, CHN, USA, IND, RUS, and BRA denote China, the United States, India, the Russian Federation, and Brazil, respectively.). 
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Figure 2. Theoretical mechanism of socialized services affecting AER. 
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Table 1. Indicator system construction of AER.
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Level 1 Indicators

	
Secondary Indicators

	
Tertiary Indicators

	
Causality

	
Weights






	
Resistance

	
Disaster resistance

	
Effective irrigated area

	
+

	
0.0571




	
De-flooded area

	
+

	
0.1274




	
Percentage of damage: area affected/area affected by disaster

	
−

	
0.0115




	
Production resistance

	
Number of operational agrometeorological observation stations

	
+

	
0.0256




	
Value added of agriculture, forestry, animal husbandry, and fisheries

	
+

	
0.0539




	
Grain production

	
+

	
0.0645




	
Resilience

	
Ecological resilience

	
Fertilizer application intensity

	
−

	
0.0095




	
Pesticide application intensity

	
−

	
0.0043




	
Intensity of application of agricultural films

	
−

	
0.0047




	
Productive resilience

	
Reproduction index: ratio of total sown area of crops to cropland area

	
+

	
0.0224




	
Expenditures on agricultural claims by insurance organizations

	
+

	
0.0790




	
Financial expenditure on agriculture, forestry, and water

	
+

	
0.0338




	
Adaptability

	
Innovative resilience

	
Expenditures on agricultural research

	
+

	
0.0741




	
Number of applications for new varieties of agricultural plants

	
+

	
0.1068




	
Number of cultural station institutions in townships

	
+

	
0.0460




	
Transformational resilience

	
Rural broadband access users

	
+

	
0.0956




	
Number of legal entities in agriculture, forestry, animal husbandry, and fisheries

	
+

	
0.0700




	
Rural electricity consumption per capita

	
+

	
0.1138











 





Table 2. Description of variables and their descriptive statistical characteristics.
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Variant

	
Variable Type

	
Variable Definition

	
Average Value

	
Standard Deviation






	
Explanatory variable

	
AER

	
Weighted fit of resistance, resilience, and adaptability

	
0.2126

	
0.1364




	
Explanatory variable

	
Socialized services

	
Number of agricultural mechanization operation service organizations (10,000)

	
0.5825

	
0.6546




	
Control variable

	
Urbanization rate

	
Urban resident population/total resident population

	
0.5733

	
0.1365




	
Industrial structure

	
Value added of primary industry/value added of secondary and tertiary industries

	
0.1153

	
0.0684




	
Size of population

	
Year-end resident population (billion)

	
0.4442

	
0.2875




	
Level of digitization

	
Total postal and telecommunications business (trillion yuan)

	
0.1502

	
0.2191




	
Government intervention

	
Fiscal general budget expenditure (trillion yuan)

	
0.4667

	
0.2970




	
Farmers’ income structure

	
Wage income/total income

	
0.4030

	
0.1334




	
Labor employment structure

	
Employment in primary sector/total employment

	
0.3255

	
0.1453




	
Mechanism variables

	
Substitution of machinery for manpower

	
Average mechanical power of labor in primary industry (person/kW)

	
4.5481

	
2.1992




	
Efficiency of labor division

	
Food production per laborer in the primary sector (person/ton)

	
2.7740

	
2.1528











 





Table 3. The results of the base estimation of the impact of socialized services on AER.
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Variant

	
AER




	
(1)

	
(2)




	
Estimated Coefficient

	
Standard Error of Robustness

	
Estimated Coefficient

	
Standard Error of Robustness






	
Socialized services

	
0.0508 ***

	
0.0193

	
0.0484 ***

	
0.0102




	
Urbanization rate

	

	

	
0.4585 ***

	
0.0822




	
Industrial structure

	

	

	
0.0445

	
0.0734




	
Size of population

	

	

	
−0.7832 ***

	
0.1145




	
Level of digitization

	

	

	
0.0073

	
0.0184




	
Government intervention

	

	

	
0.3301 ***

	
0.0277




	
Farmers’ income structure

	

	

	
0.0350

	
0.0301




	
Labor employment structure

	

	

	
−0.1367 ***

	
0.0325




	
Constant term

	
0.2341 ***

	
0.0183

	
0.4527 ***

	
0.0860




	
Area FE

	
Y

	
Y




	
Time FE

	
Y

	
Y




	
F-p value

	
0.0000

	
0.0000




	
Adj. R-sq

	
0.943

	
0.977




	
N

	
403

	
403








Note: *** indicate significance at the level of 1%.













 





Table 4. A robustness test of the impact of socialized services on AER.
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Variant

	
AER




	
Substitution of Explanatory Variables

	
Model Transformation

	
Delete Municipalities

	
Variable Indentation




	
(1)

	
(2)

	
(3)

	
(4)






	
Socialized services

	
0.1963 ***

(0.0431)

	
0.0714 ***

(0.0198)

	
0.0421 ***

(0.0103)

	
0.0465 ***

(0.0098)




	
Constant term

	
0.5237 ***

(0.0825)

	
−0.0456

(0.0705)

	
0.5774 ***

(0.0883)

	
0.4022 ***

(0.0809)




	
Whether or not to control

	
Y

	
Y

	
Y

	
Y




	
Area FE

	
Y

	
/

	
Y

	
Y




	
Time FE

	
Y

	
/

	
Y

	
Y




	
F-p value

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	
Adj. R-sq

	
0.977

	
/

	
0.977

	
0.979




	
N

	
403

	
403

	
351

	
403








Note: robust standard errors are given in parentheses, as below; *** indicate significance at the level of 1%.













 





Table 5. An endogeneity discussion of the impact of socialized services on AER.
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Variant

	
2SLS—Phase I

	
2SLS—Phase II




	
Socialized Services

	
AER




	
(1)

	
(2)






	
Instrumental variable

	
−0.8730 ***

(0.1717)

	




	
Socialized services

	

	
0.2290 ***

(0.0694)




	
Constant term

	
0.8804 ***

(0.0638)

	
0.0920 *

(0.0535)




	
Whether or not to control

	
Y

	
Y




	
Area FE

	
Y

	
Y




	
Time FE

	
Y

	
Y




	
F-value

	
25.85 ***

	
228.17 ***




	
Kleibergen–Paap rk LM

	
25.006 ***




	
Cragg–Donald Wald F

	
30.939




	
Kleibergen–Paap Wald F

	
66.136




	
10% maximal IV size

	
16.38




	
Adj. R-sq

	
/

	
0.965




	
N

	
341

	
341








Note: robust standard errors are given in parentheses, as below; * and *** indicate significance at the level of 10% and 1%, respectively.













 





Table 6. A mechanism analysis of the impact of socialized services on AER.
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Variant

	
Substitution Effect

	
Division Effect




	
Substitution of Machinery for Manpower

	
AER

	
Efficiency of Labor

Division

	
AER




	
(1)

	
(2)

	
(3)

	
(4)






	
Socialized services

	
1.3951 ***

(0.2779)

	
0.0366 ***

(0.0098)

	
1.3951 ***

(0.2779)

	
0.0366 ***

(0.0098)




	
Substitution of machinery for manpower

	

	

	

	
0.0085 ***

(0.0020)




	
Efficiency of labor division

	

	
0.0085 ***

(0.0020)

	

	




	
Constant term

	
12.5859 ***

(2.5385)

	
0.3462 ***

(0.0874)

	
12.5859 ***

(2.5385)

	
0.3462 ***

(0.0874)




	
Whether or not to control

	
Y

	
Y

	
Y

	
Y




	
Area FE

	
Y

	
Y

	
Y

	
Y




	
Time FE

	
Y

	
Y

	
Y

	
Y




	
F-p value.

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	
Adj. R-sq

	
0.933

	
0.978

	
0.933

	
0.978




	
N

	
403

	
403

	
403

	
403








Note: robust standard errors are given in parentheses, as below; *** indicate significance at the level of 1%.













 





Table 7. Heterogeneity in the impact of socialized services on AER.
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Variant

	
AER




	
Proportion of Food Grown

	
Internet Penetration




	
Low

	
High

	
Low

	
High




	
(1)

	
(2)

	
(3)

	
(4)






	
Socialized services

	
0.0201 **

(0.0100)

	
0.0369 ***

(0.0127)

	
0.0111 **

(0.0051)

	
0.1256 ***

(0.0399)




	
Constant term

	
−0.2641 **

(0.1087)

	
0.3680 **

(0.1617)

	
0.3405 ***

(0.0798)

	
−0.0720

(0.1677)




	
Whether or not to control

	
Y

	
Y

	
Y

	
Y




	
Area FE

	
Y

	
Y

	
Y

	
Y




	
Time FE

	
Y

	
Y

	
Y

	
Y




	
F-p value.

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	
Adj. R-sq

	
0.973

	
0.981

	
0.993

	
0.987




	
N

	
190

