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The green production transition represents a significant strategy for promoting organic agriculture and achieving the goal of sustainable development of grain systems. It is an important tool for resource utilization of agricultural waste and reduction of nitrogen and phosphorus emissions. Based on the survey data of grain farmers in Jiangsu Province in 2022, this paper empirically analyzes the impact and mechanism of Agricultural Socialization Services on the green transition of farmers’ grain production based on the use of the finite mixture model (FMM) to measure the degree of green transition of farmers’ grain production. The study shows that the participation of Agricultural Socialization Services is conducive to the green transition of farmers’ grain production, and the more participation of socialization services, the deeper the degree of green transition of farmers’ grain production. The mechanism test shows that socialization services promote the green transition of farmers’ grain production mainly by regulating Plot Size and Labor Transfer. The extension analysis shows that compared with ordinary farmers, Agricultural Socialization Services play a more obvious role in promoting the Green Transition of Grain Production of new type of agricultural operating entit. This study addresses a theoretical gap in the field of green production under service outsourcing. Therefore, this study is of great significance for the promotion of green development in agriculture and the realisation of the goal of “carbon peak and neutrality”.
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1 INTRODUCTION
The phenomenon of global warming, which is caused by the emission of carbon into the atmosphere, has become a significant global concern, with the potential to pose a serious threat to human development. Agricultural production activities, particularly rice cultivation, represent the primary source of greenhouse gases (GHGs) in addition to industrial production and energy consumption. Recent studies highlight the potential of organic agriculture to mitigate environmental degradation while enhancing economic outcomes for farmers, as evidenced by a Pan-India survey (Reddy et al., 2022). China’s long-standing approach to agricultural development, which relies on a significant input of chemical substances to increase food production, has resulted in the over-consumption of resources and the emergence of severe environmental contamination. These developments pose a significant challenge to the realization of the “dual-carbon” objective and the advancement of sustainable agricultural practices (Ren et al., 2022). It is therefore imperative that, while ensuring the stability of agricultural production, effective guidance and incentives are provided to farmers to facilitate a green transition in production, in order to achieve the development of organic agriculture (Wang R. R. et al., 2022).
The transition to green practices in grain production underscores the necessity of moving beyond the conventional approach of “high input, high output, high pollution.” This entails a shift from the current operational framework to one that aligns with the principles of green development, leverages advanced production technology, and optimizes the use of resources, while simultaneously enhancing the ecological environment and ensuring the production of high-quality food (Zhang, 2020). As the smallest decision-making unit, the level of green cognition and the production behavior decisions of farmers significantly impact the effectiveness of the green transition in grain production. These decisions are closely linked to farmers’ attitudes, perceived benefits, and their readiness for change (Soga et al., 2017). Among these factors, perceived benefits are the primary drivers of farmers’ willingness to transform, while their attitudes toward the transition and perceived readiness directly influence their behavior (Sereenonchai and Arunrat, 2023). However, the fundamental national situation of “big country, small farmers” has determined that for an extended period, the ordinary farmer will remain the foundation of grain production in China. Their capital endowment and cognitive level are insufficient to cope with the complex, long-term, and systematic work of green production transition (Boix-Fayos and de Vente, 2023). The majority of Chinese grain farmers continue to adhere to a traditional, rudimentary production model, exhibiting minimal integration of environmentally conscious production elements such as organic fertilizers and bio-pesticides. Additionally, there is a notable absence of resource-intensive production technologies, including water-saving irrigation, soil testing and formula fertilization. Furthermore, the utilization of straw, agricultural film and other waste resources remains insufficient, contributing to a gradual and sluggish pace of green transition in the mode of production.
So, is there a path or model that can promote the green transition of production by farmers who have the will to transform, as well as drive the green transition of the production of farmers who do not have the will to transform through the invisible introduction of green production factors? According to some academics, Agricultural Socialization Services will play a significant role in encouraging farmers to change their way of production to one that is more environmentally friendly (Chen K. et al., 2023). The provision of Agricultural Socialization Services represents a novel organizational approach that can address the scarcity of land flow transition scale operations and facilitate the effective allocation of agricultural production factors. Furthermore, it can facilitate the promotion of organic inputs and advanced production technologies among farmers, enabling them to overcome the traditional constraints of rough management and reduce nitrogen and phosphorus emissions. This is regarded as a crucial strategy for advancing the transition to green production among grain farmers.
Previous studies on Agricultural Socialization Services and the green transition of agriculture primarily concentrate on three areas. The first is theoretical in nature, as demonstrated by Cheng et al. (2022) in the context of “big country, small farmers.” It delves deeply into the relationship between socialization services and high-quality agricultural development, highlighting the beneficial effects of socialization services on the modification of the primary agricultural business of grain production and the advancement of grain production techniques. involvement, boosting grain production scale, and enhancing grain production mode all have favorable implications (Zhao et al., 2023). The second is to characterize the level of transition through green total factor productivity and study the relationship between Agricultural Socialization Services and green transition. Most studies believe that socialization services play an important role in promoting agricultural green total factor productivity, and together with the deepening of the degree of participation in socialization services, it will improve agricultural green total factor productivity through the double-wheel drive of agricultural technology efficiency and green agricultural technology change, and realize the transition of farmers’ production behavior (Lu et al., 2023; Shi et al., 2024; Wang X. X. et al., 2022). Third, focusing on one or more production behaviors, we analyze the relationship between Agricultural Socialization Services and green transition (Yang et al., 2022). It has been widely recognized that Agricultural Socialization Services have a positive impact on farmers’ fertilizer reduction (Ren, 2023; Shi et al., 2023; Yang et al., 2022), adoption of organic fertilizer and soil testing and formulation fertilization technology (Lin et al., 2022; Ren, 2023), pesticide reduction (Li L. et al., 2023; Li and Zhu, 2023), pest and disease specialization Unified Pest Control behavior had significant positive effects (Wang et al., 2023). In addition, (Li et al., 2022), used a finite mixture model, which assumes that a population is composed of several subgroups (or latent classes) with distinct characteristics. By incorporating various behaviors into a unified framework, this model identifies heterogeneous patterns within the data. The study found that fertilizer application and plant protection services significantly promote the green production transition of wheat farmers.
The extant literature on the green production transition in grain farming remains largely theoretical, with limited empirical studies focusing on specific practices, such as the use of organic fertilizers and reduced chemical inputs. Recent studies have highlighted the importance of policy design and implementation in promoting sustainable agricultural practices (Reddy, 2018). There is growing evidence that using organic fertilizers and reducing chemical inputs offer significant environmental and societal benefits. Organic fertilizers improve soil health, enhance soil structure, increase microbial activity, and boost water retention. Organic fertilizers, unlike synthetic ones, also reduce greenhouse gas emissions and air pollution (Muscolo et al., 2020). Reducing chemical inputs promotes sustainable farming, enhancing long-term environmental quality and food security. It also benefits local communities by improving air and water quality (Arunrat et al., 2022). However, the green production transition is a systematic and continuous process, and the adoption of integrated nitrogen and phosphorus reduction technologies and the utilization of agricultural waste resources are also essential components. Given this, this paper uses the survey data of 545 grain farmers in Jiangsu Province, and empirically analyzes the comprehensive effects of socialization agricultural services on the green transition of farmers’ grain production, based on the measurement of the degree of green transition of farmers’ grain production by using the finite mixture model (FMM); at the same time, it examines the regulating effect of the allocation of factors such as land, technology and labor, etc. Finally, it compares the differences in the transforming effects of socialization services among different production segments and types of farmers, with the aim of providing clues for improving the construction of the agricultural socialization service system and promoting the sustainable advancement of the grain system.
2 THEORETICAL MODELS AND RESEARCH HYPOTHESES
2.1 Impact of agricultural socialization services on the green transition of farmers’ grain production
The transition from traditional methods to green methods in farmers’ grain production is referred to as the Green Transition. This process involves upholding the concept of green production, applying green production technology, and achieving resource conservation, environmental protection, and high-quality grain production. The key to this transition lies in the green knowledge and capacity of farmers. Agricultural Socialization Services represent a new organizational form that can scientifically and effectively guide farmers in overcoming the constraints of traditional rough management and transitioning towards green production methods. This is considered an important way to promote the green transition of farmers’ production methods (Qing et al., 2023).
We have outlined three key areas where Agricultural Socialization Services have impacts on farmers’ green transition of grain production. The aspect of resource allocation comes first. The scale operation of services provided by Agricultural Socialization Services can effectively compensate for the inadequacies of the land flow transition scale operation in the context of the decentralized grain production pattern. In addition to lowering the cost of grain production and improving the efficiency of the allocation of labor, land, machinery, and other inputs, the development of Agricultural Socialization Services can also encourage farmers to manage their arable land in a unified manner, operate their machinery, buy agricultural supplies, and follow other standardized procedures to achieve the Green Transition of Grain Production (Ji et al., 2023; Liu and Li, 2023). The advancement of technology comes in second. The core information collection capabilities of the agricultural socialization service for grain production and management are stronger, and it can directly introduce increased efficiency, reduced pollution, and a greater alignment with market expectations for emerging production technology (Zhang Y. J. et al., 2023). Additionally, it can provide farmers with technical services to help them accept new information and adopt new technologies, thereby realizing the Green Transition of Grain Production (Zhang Y. N. et al., 2023). Factor inputs come in third. Agricultural Socialization Services can not only release surplus agricultural labor through mechanical substitution labor, increase the income of non-farm employment of farmers; can also improve the quality of grain, expand sales channels, realize the increase in the income of grain farmers, play the “crowding out effect” to increase the use of green inputs by farmers, and guide the green transition of farmers’ production (Li and Guan, 2023; Mi et al., 2020). Therefore, the first hypothesis presented in this paper is as follows.
H1. Agricultural Socialization Services can promote the farmers’ green transition of grain production, and the deeper the participation in socialization services, the more effective the green transition of production will be.
2.2 Impact of agricultural socialization services on the farmers’ green transition of grain production from the perspective of production factor allocation
2.2.1 Agricultural socialization services, plot size, and green transition of grain production
Limited and scarce arable land resources are the foundation of grain production. The Green Transition of Grain Production is closely linked to the large-scale operation of agricultural land and its role in resource allocation. Farmers of varying scales of operation differ in capital endowment, cognitive level, and business objectives, which affect their green transition behavior (Li Q. et al., 2023). On the one hand, most of China’s smallholder farmers engage in part-time work and lack adequate field management in grain production. This makes it easier for them to compensate for the risk of yield reductions caused by insufficient labor inputs by increasing the use of chemical inputs. The challenges of aging, feminization, and marginalization of production are especially severe for smallholder farmers involved in grain production. The adoption of green inputs and emerging production technologies has been hindered by weakened human capital and technological cognitive barriers, impeding the transition to more sustainable grain production methods (Li and Li, 2023). On the other hand, small farmers may have little incentive to choose environmentally friendly inputs and production technologies due to the low proportion of grain business income in their total household income (Chen and Liu, 2023). However, large-scale households tend to prioritize the cultivation of land power and the goal of long-term yield increase, leading them to choose green production methods. As the scale of operation expands, farmers must pay more for production factor inputs. To control production costs, large-scale households are less likely to over-apply chemical inputs. Therefore, large-scale operations promote the Green Transition of Grain Production.
The impact of Agricultural Socialization Services on the green transition of farmers’ grain production may be limited by the scale of cultivated land (Chen et al., 2022). First of all, fragmented land and diversified crop cultivation will impede mechanical operations and make it more difficult to replace labor with machinery when agricultural socialization service organizations provide production services to farmers (Zhang Y. F. et al., 2023). In contrast, relatively concentrated, continuous, and leveled arable land in large areas facilitates the application of agricultural machinery and improves the use of modern production technology and the management level of agricultural socialization service organizations, which is conducive to the transition of grain production into a green industry (Cheng et al., 2023). Secondly, the size of the plot affects farmers’ behavior when purchasing socialization services. While machinery can substitute for labor in technology-intensive processes, such as land preparation and harvesting, it has limited substitution in labor-intensive processes. Therefore, labor is still necessary to support operations. Large-scale households face greater labor constraints than small farmers and are more likely to supplement or replace labor by purchasing professional socialization services. This makes it easier to achieve rational use of Chemical Inputs and Green Transition of Grain Production (Tian et al., 2023). Lastly, from the standpoint of the service providers, the size of farming operations and the size of service demand influence the degree of socialization service delivery. Due to the significant fixed costs involved, service providers can only be drawn to provide pertinent services and support the Green Transition of Grain Production when both the commissioned service area and service demand reach a certain scale. In light of this, the second hypothesis put out in this paper is.
H2. The relationship between Agricultural Socialization Services and the green transition of farmers’ grain production is moderated by Plot Size. The larger the Plot Size, the greater the role of socialization services in promoting the green transition of production.
2.2.2 Agricultural socialization services, agricultural technology training, and green transition of grain production
The population’s level of demand and the structure of grain consumption are continually changing in this new stage of development, which raises the bar for grain production and calls for the development of superior varieties, improved quality, and strong brand identities. Thus, to successfully transition from conventional to green production methods, grain production at this stage requires not only reducing and increasing the efficiency of chemical inputs such as fertilizers and pesticides, and updating green production technologies such as deep plowing and water-saving irrigation, but also integrating advanced concepts and management practices such as soil testing, formula fertilization, physical/biological prevention and control, and resourceful use of waste into the production process (Gao et al., 2023; Ma et al., 2024). Research has demonstrated that inadequate access to agricultural information and technical support are the primary obstacles to achieving green agriculture. Providing Agricultural Technology Training can help correct farmers’ cognitive biases, increase their awareness of the benefits of modern agricultural production technology, and facilitate the transition to sustainable and environmentally friendly production practices (Guo and Zhang, 2023). In addition, providing Agricultural Technology Training can enhance farmers’ environmental literacy and equip them with the necessary knowledge and skills to address and prevent environmental issues. This can facilitate a shift towards green agricultural production in the long run (Malimi, 2023).
Agricultural socialization service organizations can help farmers overcome information blockages and improve their human capital by providing up-to-date market transaction information, consumer demand preferences, and advanced Agricultural Technology Training. This can help alleviate the imbalance in resource allocation and the uncertainty of technology adoption caused by information asymmetry. Therefore, organizations that provide Agricultural Socialization Services can promote the transition to green production for farmers by utilizing their advantages in specialization and cost-effectiveness (Wang Y. et al., 2022). Additionally, these organizations can indirectly facilitate the transition by providing farmers with valuable market information and professional technical training. A higher level of knowledge about green grain production and a better understanding of the benefits of technology-intensive production link socialization services are possessed by farmers who have received Agricultural Technology Training. This helps to alleviate information asymmetry caused by the speculative behavior of service providers, which in turn reduces the use of chemical inputs by farmers and agricultural socialization service organizations, ultimately leading to a more environmentally friendly grain production process. Accordingly, this paper proposes a third hypothesis.
H3. There is a moderating effect of Agricultural Technology Training between Agricultural Socialization Services and farmers’ green transition of grain production. The more farmers receive relevant training, the greater the promotion effect of socialization services on the green transition of production.
2.2.3 Agricultural socialization services, labor transfer, and green transition of grain production
The degree of human capital possessed by grain farmers ultimately determines the Green Transition of Grain Production systems. The Green Transition of Grain Production is severely hampered by the fact that, as a result of the growing disparity between the returns from grain production and other economic activities, farmers have shifted to non-grain and non-agricultural businesses, and their human capital has steadily declined (Yu et al., 2023). On the one hand, the part-time work of grain farmers leads to a shortage of effective supply of labor and other production factors in the process of grain production, and according to the traditional “factor substitution theory”, farmers tend to increase the use of chemical inputs to compensate for the shortage of labor factors caused by the loss of grain production. On the other hand, in light of Labor Transfer, the farmers who are left behind operate on a small scale and part-time basis to meet their families’ basic grain needs. They are unable to create the economies of scale necessary to offset the high cost of switching to green production methods, and they lack the necessary mechanical operating conditions, which limits the adoption of green technology elements (Lu and Xie, 2018).
The reduction of the labor force and the increase in household income brought about by part-time farming affect farmers’ socialization service purchasing behavior through the substitution effect and the income effect, respectively (Qing et al., 2023). On the one hand, the theory of induced technological change holds that rational farmers will choose to replace more expensive and scarce labor factors with capital factors like agricultural machinery and socialization services as rural surplus labor becomes scarcer and more expensive, making up for the labor constraints brought on by part-time farming (Wen et al., 2023). On the other hand, non-farm employment can provide higher income and complement the substitution of ‘machinery labor’ through Agricultural Socialization Services, thereby alleviating the capital constraint of agricultural production. Therefore, as part-time farming becomes more prevalent, there will be a greater need for socialization services in the grain production industry. When multi-link socialization services are implemented, the advanced production concepts and green production technologies of agricultural socialization service organizations will be maximized and brought into the industry, supporting the green transition of the grain industry. Accordingly, this paper proposes the fourth hypothesis.
H4. The relationship between Agricultural Socialization Services and the green transition in farmers’ grain production is moderated by Labor Transfer. The greater the degree of Labor Transfer, the greater the contribution of socialization services to the green transition in production.
In summary, the analytical framework for agricultural socialization services to promote the green transition in farmers' food production is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Framework diagram of research theory.
3 DATA, VARIABLES, AND METHODS
3.1 Data sources
This paper uses data from the 2022 China Land Economic Survey (CLES) conducted by Nanjing Agricultural University, which gathers household, crop production, and social service purchase data, with new questions on green production technologies like deep plowing and integrated pest management. Although the survey focuses on Jiangsu Province, a key grain-producing area, its findings provide valuable insights into broader agricultural trends in China, though regional variations in climate, agricultural practices, and policies may limit generalizability. The CLES employed a probability proportionate to size (PPS) sampling method across 24 villages in 12 counties and 6 cities, resulting in 1,203 responses. After excluding incomplete questionnaires, 545 valid responses were retained. While the PPS method ensures better representation of larger villages, biases may arise from underrepresentation of remote or economically underdeveloped areas.
The survey relies on self-reported data, which may introduce biases such as social desirability and recall bias, particularly regarding sensitive issues like income and land use. Although measures to ensure anonymity and confidentiality were implemented to reduce these biases, they cannot be entirely eliminated. Given the provincial focus, caution is needed when generalizing the results to the national level. Future research could broaden the geographic scope or employ alternative data collection methods, such as longitudinal studies or objective measures, to improve the robustness of the findings.
3.2 Variables
3.2.1 Variable settings for FMM
Considering the relatively slow adjustment of farmers’ inputs to grain production factors in the short term and the fact that the focus of this paper’s analysis is on the impact of Agricultural Socialization Services on the Green Transition of Grain Production rather than on the formal aspects of specific production technologies, the classical C-D production function with its concise form and clear economic implications is used. This paper presents a latent category stochastic frontier model based on the basic form of the C-D production function to describe the input-output relationship in the grain production chain of farmers. The specific form of the model is:
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In Equation 1, [image: image] represents the annual income per acre of grain for the farmer [image: image]; [image: image] represents the capital input per acre of grain for the farmer [image: image]; [image: image] represents the labor input per acre of grain for the farmer [image: image]; [image: image] represents the level of integrated technology; and represents the random error term. Equation 2 is transformed into a logarithmic form to obtain:
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Based on the research results of Li et al. (2022) and the requirements outlined in the Key Points of Planting Industry in 2023 issued by the Ministry of Agriculture and Rural Development, we selected covariates for the FMM from three aspects: input reduction and efficiency, adoption of green technology, and utilization of waste resources. The seven indicators are Fertilizer Intensity, Organic Fertilizer Rate, Pesticide Intensity, Physical or Biological Control Inputs, the adoption rate of resource-intensive technologies (such as deep plowing and deep-polishing, and water-saving irrigation), the adoption rate of environmentally friendly technologies (such as biopesticides and soil-formula fertilization technologies), and utilization rate of waste resources (such as agricultural film recycled, pesticide packaging recycled, and straw returned to the field adopted). The above indicators are only a few performance characteristics of farmers’ green production methods and do not fully represent green production methods. However, by using the relationship between these closely related covariates and outputs, the probability of a farmer’s grain production method falling into a green production method can be calculated indirectly. This allows for obtaining proxy variables for the green production transition. Table 1 displays the definitions of the pertinent variables.
TABLE 1 | Setting of variables related to FMM.
[image: Table 1]3.2.2 Core explanatory variables
The purpose of this paper is to study the impact of Agricultural Socialization Services on the green transformation of farmers’ grain production, and to choose “whether to purchase Agricultural Socialization Services in the grain production process” as a measurement indicator to reflect the purchase of Agricultural Socialization Services by farmers. In addition, in the robustness test, the paper uses “the number of purchased socialized service links” and “the cost of adopting socialized services” as core explanatory variables.
3.2.3 Moderating variables
This paper selects three variables as moderating variables based on the previous theoretical analysis: Plot Size, Agricultural Technology Training, and Labor Transfer. Among them, Plot Size is obtained by dividing the total scale of grain operation of farmers by the number of plots; Agricultural Technology Training is selected as a proxy variable for whether farmers have received training in environmentally friendly related technologies; Labor Transfer is selected as a proxy variable for whether the labor force is engaged in non-agricultural employment as a proxy variable for the mechanism test.
3.2.4 Control variables
Based on the research conducted by Zhang et al. and the current state of grain production, 16 control variables were selected. These variables include characteristics of the household head, household, grain production and operation, and farmers’ cognition (Ai et al., 2023). Household head characteristics include gender, age, education level, health status, and Risk Preference. Household characteristics include whether there are cadres, the size of the agricultural labor force, planting specialization, and employment status. Production and operation characteristics include whether agricultural insurance is purchased, the size of the operation, the fertility of the land, irrigation conditions, and subsidies for the planting industry. Farmers’ policy awareness mainly refers to their understanding of policies. See Table 2 for specific variables.
TABLE 2 | Descriptive statistical summary of the variables.
[image: Table 2]3.3 Methods
China’s grain production is undergoing a transition from traditional to green methods. While some farmers have already adopted advanced production concepts and technologies, others are still in the process of transitioning. However, a significant proportion of farmers continue to rely on traditional and crude production methods. Previous studies generally agree that farmers’ choice of grain production methods is influenced by factors such as resource endowment, external environment, and others. However, it is challenging to measure specific data related to grain production methods, which makes it difficult to scientifically depict the relationship between the various influencing factors and grain production methods. In recent years, the Finite Mixture Model (FMM) has been increasingly applied in economics. This model is capable of modeling unobserved heterogeneity in samples, making it particularly useful for addressing the challenges in representing grain production methods that are difficult to quantify with traditional data. This paper employs the FMM to create an indicator for assessing the likelihood that farmers will choose green production methods. This indicator is then incorporated as an explanatory variable into the econometric model to explore the relationship between ASS and the green transformation of farmers’ grain production. The aim is to provide empirical insights for both theoretical research and practical decision-making among farmers.
3.3.1 FMM: a means to assess farmers’ grain production approaches
The FMM is a powerful tool in econometric modeling, particularly when addressing unobserved heterogeneity. This method enables the segmentation of a population into latent subgroups, each of which may exhibit distinct behaviors or characteristics. FMM is highly adaptable to various types of data and distribution patterns, making it well-suited to capture the heterogeneous growth paths of farmers in the context of grain production. By identifying unobservable heterogeneity in the sample, the model divides the data into several subgroups, assigning each observation to the appropriate subgroup. This capability allows FMM to overcome the limitations of traditional models, which often fail to account for such heterogeneity.
In the context of our study, FMM is particularly advantageous as it helps reveal underlying patterns in farmers’ adoption of green production methods. These patterns are not directly observable in the data and are influenced by a range of factors, including resource endowments, external policies, and individual farmer preferences. By applying FMM, we can estimate the probability of farmers transitioning to green production methods based on their unique characteristics and circumstances. This segmentation not only enhances our understanding of farmers’ decision-making processes but also enables more precise policy recommendations aimed at promoting sustainable agricultural practices.
In our analysis, we follow the method of Li and Li (2023), who categorize potential sample categories based on the distribution of data. Specifically, we divide the entire sample distribution into multiple sub-probability density functions, allowing for a more nuanced understanding of the factors influencing farmers’ choices. This approach is particularly useful in capturing the diversity of factors driving the transition to green grain production.
[image: image]
In Equation 3, [image: image] represents the conditional probability density distribution of sample y when it belongs to potential category k. [image: image] is a vector of explanatory variables, and is the parameter to be estimated. [image: image] denotes the proportion of mixing, and is also referred to as the weight corresponding to each sub-density, and [image: image].
Amidst mounting resource constraints and environmental pollution, Chinese farmers are embracing a green transition. This paper introduces indicators that characterize the green production method as covariates into the FMM to reflect the probability distribution of the input-output relationship in the grain production process. The distribution function of the entire sample can be characterized by the following equation, assuming that the sample farmers can be divided into two potential categories: traditional production and green production:
[image: image]
The Equation 4 is used to calculate the posterior probability of each sample farmer belonging to the jth category.
[image: image]
In the Equation 5, [image: image], [image: image] and [image: image] represent the a posteriori probabilities of sample farmers falling into potential categories. This paper divides grain production methods into two categories: traditional production and green production. Therefore, if the a posteriori probability of a sample farmer belonging to the category of green production methods is P, then the a posteriori probability of belonging to the category of traditional production methods is 1-P. In fact, since the transition to green production of grain is not a clear-cut technology but a long-term and systematic process, the a posteriori probability of a sample farmer falling into the category of green production methods reflects, to some extent the degree of green transition of farmers’ grain production.
3.3.2 Basic regression model
To investigate the influence of ASS on the adoption of sustainable practices in farmers’ grain production, this paper presents the benchmark model:
[image: image]
In Equation 6, [image: image] is the degree of green transition of farmer’s grain production, the size of the a posteriori probability that a sample farmer uses a green production method reflects the farmer’s degree of GTGP; the larger the probability value, the stronger the farmer’s degree of GTGP; the smaller the probability value, the weaker the farmer’s degree of GTGP. [image: image] is Agricultural Socialization Services, expressed as whether or not ASS are purchased; [image: image] is Plot Size, expressed as the total size of the grain operation divided by the number of arable plots; [image: image] is farm technology training, expressed as the number of times a farm household receives farm technology advice and training in 2021; and [image: image] is Labor Transfer, expressed as the number of laborers working outside the household divided by the total number of laborers in the household (Yang and Li, 2023). [image: image] denotes control variables, including individual characteristics such as gender, age, health, education, and Risk Preference of the ith farm household. Also included are household characteristics such as whether it has a cadre, the size of the agricultural labor force, planting specialization, and whether it employs laborers. Production and operation characteristics such as the size of the operation, whether it has purchased agricultural insurance, soil fertility, irrigation conditions, and subsidies for the planting industry, as well as policy perceptions are also considered. [image: image] is the constant term, [image: image], [image: image], [image: image], [image: image] and [image: image] is the coefficient that needs to be estimated; and [image: image] is the random perturbation term.
3.3.3 Moderated effects model
To analyze how the agricultural socialization service affects farmers’ decisions to transition to green production, we construct a model of moderating effects as follows:
[image: image]
[image: image]
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In Equation 7, [image: image] represents the interaction term between ASS and PS. In Equation 8, [image: image] represents the interaction term between ASS and ATT. In Equation 9, [image: image] represents the interaction term between ASS and LT. [image: image] denotes control variables, including individual characteristics such as gender, age, health, education, and Risk Preference of the ith farm household. Also included are household characteristics such as whether it has a cadre, the size of the agricultural labor force, planting specialization, and whether it employs laborers. Production and operation characteristics such as the size of the operation, whether it has purchased agricultural insurance, soil fertility, irrigation conditions, and subsidies for the planting industry, as well as policy perceptions are also considered. [image: image] is the constant term, [image: image], [image: image], [image: image] and [image: image] is the coefficient that needs to be estimated; and [image: image] is the random perturbation term.
4 RESULTS AND DISCUSSION
4.1 Results of FMM
4.1.1 Calculation of the posterior probability that sample farmers belong to a potential category
4.1.1.1 Determination of the number of farmers’ grain production methods
To determine the number of potential categories in the sample, the Bayesian Information Criterion (BIC) index is used, i.e., the number of categories corresponding to the smallest value of the BIC is selected, and the results of model fitting are shown in Table 3. When the number of categories is 2, the value of the BIC is 1,453.524, which is lower than the number of categories of 1 and the number of categories of 3. Therefore, we believe that it is statistically optimal to divide the sample into two major categories, and in this paper, we classify farmers’ grain production methods into two categories: traditional production methods and green production methods.
TABLE 3 | Results of potential category tests for grain production practices among sample farmers.
[image: Table 3]4.1.1.2 This section presents a probability analysis of a sample that may belong to a potential category
The design of the FMM determines the posterior probability that a sample falls into a potential category, which then determines the category to which the sample belongs. China’s grain production is shifting from traditional to green methods. The results of the BIC suggest dividing the samples of the study into two potential categories. If the posterior probability that a sample belongs to category A is P, then the posterior probability that it belongs to category B is 1-P. Thus, the probability analysis of a sample belonging to category A, based on its own probability, is equivalent to that based on category B. The result of the probability analysis remains unchanged. This paper presents the organization of the probability of samples falling into category A, as shown in Table 4. Out of 545 samples, 127 had a posterior probability of P > 0.5, with an average probability of 0.886. The remaining 418 samples had an a posteriori probability of P ≤ 0.5, with a mean probability of 0.087. Note that the majority of the samples fell into this group.
TABLE 4 | Posterior probability statistic of a sample falling into category A.
[image: Table 4]4.1.2 Characterizing farmer cultivation by potential category
The paper utilized the sample mean t-test to determine the significance of differences between categories for the seven main indicators of green production methods (see Table 5). The results indicate that, except for the physical/biological control inputs indicator, which did not show significant differences between the two sample categories, the other six indicators showed significant differences, with one group having significantly higher values than the other. Based on the difference in mean values of the indicators that characterize green production methods in the two categories, it can be concluded that the higher the a posteriori probability of the sample farmers falling into category A, the more apparent their green production characteristics are. Therefore, this paper concludes that the posterior probability of a sample farmer falling into category A, as measured by the FMM, is highly correlated with the farmer’s grain production method. A smaller posterior probability indicates that the farmer is still engaged in traditional production, while a larger posterior probability indicates that the farmer’s degree of green production is higher. The posterior probability of falling into the green production method, P, is used as a measure of green production transition in the later analysis.
TABLE 5 | Comparison of input indicators for potential farmer categories.
[image: Table 5]Group A: Farmers with a higher posterior probability of adopting green production methods, indicating a more pronounced transition towards green production practices.
Group B: Farmers with a lower posterior probability, indicating a continued reliance on traditional production methods with less green production characteristics.
4.2 The impact of agricultural socialization services on green transition of farmers’ grain production
4.2.1 Benchmark regression results
Table 6 presents the estimation results of the model without the interaction term. Model 1 shows the results without the introduction of moderating variables, while Models 2-4 show the results with the introduction of PS, ATT, and LT, respectively. The results of Model 1 regression indicate that the coefficient for socialization services in the green transition of farmers’ grain production is 0.364, which is significant at the 1% level (p < 0.01), prior to controlling for PS, ATT, and LT factors. Therefore, the results suggest that the participation of ASS contributes to promoting the green transition of farmers’ grain production. This supports hypothesis 1. However, while the study demonstrates a strong correlation, it is important to note that correlation does not imply causation. To explore potential causal mechanisms, we propose several pathways: First, the development of socialization services enhances the specialization of service providers, reducing farmers’ learning costs, alleviating human capital constraints, and promoting the adoption of green technologies. Second, socialization services improve resource allocation efficiency, potentially releasing surplus rural labor and encouraging farm households to increase non-farm income, which in turn facilitates investment in green inputs. Third, service providers have greater bargaining power in the production factor market, and their machinery operation services can improve input efficiency, reduce costs, and support the green transition by leveraging cost-saving advantages. While these mechanisms offer potential explanations for the causal effect, further research, such as longitudinal studies or experimental designs, is needed to establish stronger evidence of causality.
TABLE 6 | Estimated results of ASS versus GTGP.
[image: Table 6]After introducing PS in Model 2, both ASS and PS have a significant positive effect on the green transition of farmers’ grain production. Specifically, the coefficient for ASS is 1.695, which is significant at the 5% level, and the coefficient for PS is 1.038, significant at the more stringent 1% level. The results indicate that increasing plot size encourages farmers to transition to more sustainable production methods. There are differences in the business objectives of farmers of different sizes (Zhou et al., 2023). Grain-scale households prioritize controlling total production costs and achieving long-term production goals. This leads to a lower possibility of excessive application of chemical inputs and a greater inclination towards choosing green production methods. On the other hand, the centralized operation of large areas of contiguous and leveled arable land facilitates the application of agricultural machinery, promoting the rational use of green inputs and the application of emerging technologies, and supporting the GTGP.
After introducing ATT in Model 3, both ASS and ATT had a significant positive effect on the green transition of farmers’ grain production. Specifically, the coefficient for ASS is 1.431, which is significant at the 5% level, and the coefficient for ATT is 1.349, significant at the more stringent 1% level. This suggests that receiving ATT can promote the green transition of farmers’ production. ATT can correct farmers’ cognitive biases and change their traditional concepts. This can help them realize that emerging agricultural technologies can improve production efficiency, prompting them to actively adopt green production technologies and transition to green production. In addition, ATT can promote a transition towards more sustainable grain production in the long term by increasing farmers’ awareness of and concern for environmental issues, as well as enhancing their knowledge, skills, and motivation to address current environmental problems and prevent new ones.
After introducing LT in Model 4, ASS continue to have a significant positive effect on the green transition of farmers’ grain production. Specifically, the coefficient for ASS is 1.644, which is significant at the 5% level. However, LT has a significant negative impact on this green transition, with a coefficient of −1.725, which is significant at the more stringent 1% level. These findings suggest that while ASS encourage a greener transition, LT may pose a challenge to this process. The GTGP depends on the level of human capital of the grain-growing labor force. However, LT leads to a gradual reduction and weakening of human capital, which ultimately constrains the formation of green production concepts, the application of emerging technologies, and the GTGP methods. Labor migration has resulted in a shortage of available labor for the grain production process. As a result, farmers often resort to increasing chemical inputs to maintain grain production. However, the characteristics of small-scale and part-time operations among left-behind farmers in the context of labor migration do not allow for the formation of a scale of intensification to offset the high cost of green production transition. Additionally, they lack the objective conditions for mechanical operation, which hinders the widespread adoption of green technology elements.
4.2.2 Robustness test
4.2.2.1 Replacement of explanatory variables
To ensure the robustness of the benchmark regression results, this paper includes the green production behavior of farmers as a proxy variable for the GTGP. The variable indicates whether the grain production methods of farmers belong to the category of green production. The results are presented in Table 7. The study indicates that ASS have a positive impact on farmers’ green grain production behavior. This means that socialization services can help farmers transition from traditional to green production methods. The results of the control variables estimation are consistent with the benchmark regression results. Therefore, the benchmark regression results remain valid even after using farmers’ green production behavior as a proxy variable for the green transition of farmers’ grain production. This indicates that the above conclusions are robust.
TABLE 7 | Estimated results of ASS on farmers’ green production behavior.
[image: Table 7]4.2.2.2 Replacement of core explanatory variables
To assess the benchmark regression results more thoroughly, this paper replaces the primary explanatory variables of adopting ASS with the degree and cost of adoption of socialization services for empirical testing. The results are presented in Table 8. The results of models 1-4 in Table 8 indicate that the adoption of ASS promotes the green transition of farmers’ grain production at a statistically significant level of 5%. The estimation results of the control variables are consistent with those of the previous paper. The results of models 5-8 in Table 8 indicate that the adoption cost of socialization services significantly promotes the green transition of farmers’ grain production at the statistical level of 5%. The estimation results of other variables are also consistent with the benchmark regression. After replacing the core explanatory variables of whether or not to adopt ASS with the degree of adoption of ASS and the cost of adoption of ASS, respectively, we found that the main findings still hold. This means that the benchmark regression results are robust based on the above analysis.
TABLE 8 | Estimated results of the adoption level and cost of ASS on GTGP.
[image: Table 8]4.2.3 Endogeneity test
Given that a farmer’s decision to purchase ASS during the grain production stage is an autonomous choice, it may lead to self-selection bias and endogeneity problems. To address this issue, this paper employs the propensity score matching (PSM) method to explore the potential endogeneity problems between ASS and the green transformation of farmers’ grain production. Table 9 presents the PSM estimation results of four different matching methods: 1-1 proximity matching, 1-3 proximity matching, radius matching, and kernel function matching. All methods indicate a significant positive effect of ASS on the green transition of farmers’ grain production. This means that the adoption of ASS can lead to a more environmentally friendly approach to farmers’ grain production. In summary, the PSM estimation results are consistent with the previous study, indicating the robustness of the benchmark regression results. This paper aims to assess whether the PSM results can balance the data better through the balance test method. The radius matching method is used as an example for the balance test, and the results are shown in Table 10. The results indicate that after matching, the standardized deviations of most variables are reduced compared to before matching. Additionally, the standardized deviation rate after matching is generally lower than 10%. Furthermore, the t-test results of most variables do not support the hypothesis that there is a systematic difference between the experimental group and the control group. Therefore, the PSM results pass the balance test (He and Huang, 2023).
TABLE 9 | PSM estimation results for ASS in GTGP.
[image: Table 9]TABLE 10 | Equilibrium test of the martingale matching method.
[image: Table 10]4.3 Testing the moderating effect of factors allocation
In order to further analyze the path through which ASS affect the green transition of farmers’ grain production, this paper uses moderated effects analysis, respectively, the three variables of PS, ATT, and LT and their interaction terms with ASS are included in the regression model, and the results are shown in Table 11.
TABLE 11 | The results of mechanism path analysis.
[image: Table 11]Table 11 Model 1 shows the moderating effect of PS on the relationship between ASS and the green transition path of farmers’ grain production. The results indicate that ASS have a significant positive effect on this green transition, with a coefficient of 4.673 (p < 0.01). PS also positively influences the transition, with larger plots showing a greater tendency to adopt green practices, as reflected in a coefficient of 1.906 (p < 0.01). Moreover, the interaction term between PS and ASS is significantly positive (coefficient = 2.793, p < 0.01), suggesting that the positive impact of socialization services on the green transition becomes more pronounced as PS increases. These findings support Hypothesis 2, highlighting the crucial role of both ASS and PS in promoting the green transition, with larger plots benefiting more from socialization services. PS significantly influences farmers’ engagement with socialization services, which in turn affects their production methods. Large-scale households, with more extensive land areas, are more likely to invest in these services to address labor constraints and adopt advanced agricultural technologies, such as machinery and green production techniques. The larger the operation, the more feasible it becomes to integrate these technologies, making green practices both efficient and profitable. This creates a positive feedback loop where service providers are incentivized to offer high-quality services, further promoting the green transition in grain production. In contrast, small farmers with limited resources and smaller plots may struggle to access these services, slowing the adoption of green technologies. However, targeted policies that subsidize socialization services for smallholders can help bridge this gap, fostering broader adoption of sustainable practices across all scales of farming operations.
Table 11 Model 2 shows the moderating effect of ATT on the relationship between ASS and the path of green transition of farmers’ grain production. Specifically, the coefficient for ASS is 1.919, which is statistically significant at the 5% significance level, suggesting a positive and substantial impact on the transition to green grain production. Similarly, the coefficient for ATT is 1.735, significant at the 1% significance level, indicating a strong and positive effect on the green transition. However, the interaction term between ATT and ASS, with a coefficient of 1.467, is not statistically significant. This finding suggests that ATT does not moderate the relationship between socialization services and the green transition of farmers’ grain production. In other words, the positive influences of both socialization services and technology training operate independently, rather than through their interaction (Sui and Gao, 2023). Therefore, Hypothesis 3 has not been supported. The reason for this may be that ATT in China is primarily focused on the individual level. Its aim is to improve the scientific knowledge of grain farmers on new technologies that increase production and ecological environmental protection. This is done to improve their production behavior decisions. However, when ASS intervene in grain production, the power of service organizations becomes the main reliance to achieve green production transition. Therefore, the interaction effect between the two is not significant.
Table 11 Model 3 shows the moderating effect of LT on the relationship between ASS and the green transition path of farmers’ grain production. The results provide detailed insights into the statistical significance and impact sizes of the key variables. Specifically, the coefficient for ASS is 1.194, which is statistically significant at the 10% level. This positive coefficient indicates that ASS promote the green transition of farmers’ grain production, as hypothesized. In contrast, the coefficient for LT is −1.264, significant at the 5% level, indicating a significant negative effect on the green transition. This finding aligns with the concern that increasing rates of LT may hinder the adoption of green production methods by farm households. However, the coefficient of the interaction term between LT and ASS is 1.830, significant at the 10% level. This positive coefficient suggests that the inclusion of ASS can help mitigate the negative effects of LT on the green transition. In other words, ASS may act as a catalyst to overcome the obstacles posed by Labor Transfer, facilitating the adoption of green production among farm households. Hypothesis 4 has been confirmed. Due to the continuous transfer of labor from grain growing to other industries, rural surplus labor is becoming scarce. Socialization services can compensate for the lack of labor through mechanical operations. Additionally, increased income from non-farm employment can alleviate the capital constraints of farmers and increase their purchasing behavior for socialization services. Introducing multi-link ASS into grain production can maximize the advanced production concepts and green production technologies of socialization service organizations, promoting the GTGP. Furthermore, to enhance the practical application of our findings, it is crucial to consider how elements such as ATT engage with socialization offerings in realistic scenarios. For instance, socialization service organizations often provide training programs that educate farmers on advanced production concepts and green technologies. These training programs not only improve farmers’ skills but also enhance their ability to effectively utilize socialization services. By integrating training with socialization services, farmers are better equipped to adopt green production methods, thereby accelerating the GTGP. Real-world cases demonstrate that farmers who have undergone such training are more likely to adopt multi-link ASS, maximizing the benefits of advanced production concepts and green technologies provided by these services. Introducing multi-link ASS into grain production can further maximize the advanced production concepts and green production technologies of socialization service organizations, promoting the GTGP.
4.4 Heterogeneity analysis
4.4.1 Impact of socialization services on green transition of farmers’ grain production
The previous section confirms that the participation of agricultural socialization service organizations can guide the green transition of farmers’ grain production. In other words, the more farmers participate in ASS, the more enthusiastic they become about the green transition of their grain production. However, it is necessary to examine which segment of ASS plays a major role in the process of GTGP, as each segment has different preferences for labor, technology, and other production factors. To accurately identify the differences in the promotional effects of ASS on the green transition of farmers’ grain production in different production segments, this paper divides the six segments of socialization services into labor-intensive socialization services (ploughing, planting, and harvesting) and technology-intensive socialization services (rice transplanting, dousing, and straw returning to the field) based on the demand preferences for production factors in each grain production segment. Table 12 shows that labor-intensive socialization services have a positive effect on the green transition of farmers’ grain production at a 5% significance level with a coefficient of 1.632. Additionally, technology-intensive socialization services have a positive effect on the green transition of farmers’ grain production at a 10% significance level with a coefficient of 1.103. Both types of services contribute to the green transition, but their impacts vary depending on factors such as the farmer’s scale, economic status, and adoption of technology.
TABLE 12 | Heterogeneity analysis based on different segments of socialization services.
[image: Table 12]The differences in the impact of these two service types are likely due to the varied needs of farmers across different segments. Small-scale farmers tend to prioritize cost-efficiency, and the rising cost of services may limit their willingness to adopt technology-intensive services, which often require higher upfront investments. In contrast, larger farmers, or those with more capital, are more likely to adopt both labor-intensive and technology-intensive services, as they can distribute costs over a larger area of land. For instance, technology-intensive services like rice transplanting and straw return can significantly reduce dependence on chemical fertilizers and improve soil fertility. However, the adoption of such services is often constrained in areas dominated by smallholders due to the higher costs involved.
Moreover, tailoring services to meet the specific needs of different farmer segments could further facilitate the green transition. For example, service providers could offer scaled-down or more affordable versions of technology-intensive services for smallholders, or create bundled packages that combine both labor- and technology-intensive services to reduce overall costs. In regions where small farmers predominate, improving the accessibility of these services is crucial for ensuring that the green transition is inclusive and effective.
4.4.2 Impact of agricultural socialization services on the green production transition of farmers of different types
In recent years, China has prioritized the cultivation of new type of agricultural operating entit to promote the high-quality development of the grain industry (Chen Y. J. et al., 2023). These subjects differ from ordinary farmers in their business models, management styles, and development goals, which may impact their choice of grain production methods. Thus, the paper divides the sample farmers into two groups: ordinary farmers and new type of agricultural operating entit. The model test is then conducted separately for each group, and the results are presented in Table 13. The results indicate that ASS have a significant positive impact on the green transition of production for both ordinary farmers and new type of agricultural operating entit. This suggests that the inclusion of socialization services can effectively promote the green transition of farmers’ grain production. We found that the promotion effect of ASS on the green transition of production of new type of agricultural operating entit is more obvious, which indicates that the new type of agricultural operating entit have higher levels of their own quality and knowledge, and higher awareness of green development and environmental responsibility, and are important implementers of the current GTGP.
TABLE 13 | Heterogeneity analysis based on different business types of farm households.
[image: Table 13]The impact of ASS varies by farmer type. For ordinary farmers, services should focus on basic training, infrastructure support, and financial incentives to help them adopt sustainable practices. In contrast, new types of agricultural operating entities, with higher knowledge and management capacity, would benefit more from advanced services like specialized green technology workshops, market information systems, and eco-friendly production techniques. To enhance the effectiveness of the green transition in grain production, the government should tailor services to meet the specific needs of these two groups—basic support for ordinary farmers and advanced services for new agricultural entities. This targeted approach will foster a more effective green transition and contribute to the high-quality development of agriculture.
5 CONCLUSION AND POLICY RECOMMENDATIONS
As the agricultural sector faces increasing pressure to transition towards greener production methods, Agricultural Socialization Services have emerged as a key support mechanism for farmers. This study investigates their impact on the green production transition of grain farmers in Jiangsu Province. The results indicate that Agricultural Socialization Services significantly promote the adoption of green production practices, such as organic fertilizer use and nitrogen and phosphorus reduction technologies. These findings remain robust even after accounting for potential endogeneity using the propensity score matching method. Moreover, the study reveals that Plot Size and part-time farming play a moderating role in the effectiveness of Agricultural Socialization Services in facilitating the green production transition. These findings highlight the importance of tailored Agricultural Socialization Services in supporting the green production transition, particularly for different farm sizes and labor conditions.
To better understand how Agricultural Socialization Services drive the green transition of grain production, we propose a “Theory of Change” that outlines the process flow, identifies bottlenecks, and suggests actionable interventions. ASS promote green transition through resource allocation (efficient use of land, labor, and machinery), technology adoption (disseminating organic fertilizers, soil testing, and water-saving irrigation via training), labor transfer (substituting human labor with machinery), and economic incentives (increased income and reduced costs). However, bottlenecks such as smallholder constraints (financial and cognitive barriers), labor migration (reduced rural labor availability), and inconsistent policy implementation hinder progress. To address these challenges, the government should provide subsidies for green technologies, invest in tailored training programs, promote land consolidation for large-scale farming, and strengthen ASS organizations with financial and technical support to ensure accessible and affordable services, particularly for smallholders.
Figure 2 illustrates the process flow of how ASS influence the green transition of grain production. The diagram shows the key mechanisms (resource allocation, technology adoption, labor transfer, and economic incentives) and identifies the bottlenecks (smallholder constraints, labor migration, and policy implementation). The proposed government interventions are also highlighted to address these challenges.
[image: Figure 2]FIGURE 2 | Theory of change: how agricultural socialization services drive green transition.
These findings provide the following insights into the study: (1) To promote the green transformation of grain production, the government should strengthen Agricultural Socialization Services, particularly in regions where green technologies are not yet widely adopted. This can be achieved by offering financial incentives to service providers for adopting green technologies, providing training programs to enhance sustainable agriculture skills, and fostering cooperation between local governments and service agencies to ensure these services reach remote farmers. (2) Tailored support policies should be implemented based on farmers’ resource endowments, especially for smallholder farmers. These policies may include financial incentives to reduce barriers to adopting green practices, promoting land transfer and integration with socialized services to support large-scale farming, and offering training and technical assistance to help farmers master sustainable techniques, particularly those that replace chemical inputs. (3) Finally, new agricultural entities, which generally have stronger technical and managerial capacities, should be prioritized as key players in the green transformation. The government can support these entities through tax incentives, low-interest loans, and other policy measures to encourage the adoption of green technologies. Targeted training should also be provided to enhance their management capabilities, and these entities should be encouraged to offer technical support and demonstration projects for smallholder farmers, thus leading the way in green agricultural practices.
This study provides valuable insights into the role of Agricultural Socialization Services in China’s green transformation, but several limitations should be addressed in future research. First, the study focuses on Jiangsu Province, which may limit the generalizability of the findings. Future research should include other regions to enable a comparative analysis of Agricultural Socialization Services across diverse agricultural sectors and policy environments. This would help understand how regional contexts influence the effectiveness of these services in promoting green transformation. Second, the lack of longitudinal data limits our understanding of the long-term effects of socialization services on farmers’ behaviors. Future studies could use longitudinal data to track these behaviors over time and assess the sustainability of green practices. Finally, this study relies on cross-sectional data, which reveals correlations but cannot establish causality. Experimental or natural experimental designs would provide more insight into the causal mechanisms at play.
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