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Abstract

:

Farmland scale management (FSM) is an essential strategy to establish an appropriate management scale for agricultural production, enhance smallholder farmer production efficiency, and improve the utilization rate of farmland. The Chinese government promotes farmland transfer as a tool to establish modern and moderate-scale agriculture. However, farmers remain unable to afford agricultural services and inputs required for appropriate FSM after farmland is transferred-in. This paper aims to examine the impact of agricultural socialized services (ASSs) on the FSM behavior of smallholder farmers through farmland transfer. A theoretical framework for the farmer household production aspect of this relationship is developed. A weighted least squares (WLS) model is applied to empirically examine smallholder farmers’ decisions to expand the scale of farmland induced by the promotion of ASSs based on data collected from 741 households in 2020 in the rice-growing region of southern China. The findings reveal that ASSs have a positive and significant impact on small farmers’ FSM. Small farmers’ behavior regarding farmland transfer is affected positively by the promotion of ASSs. The increase of ASSs encourages small farmers to transfer-in more farmland. However, the impact of ASSs on various steps of agricultural practice varied according to the FSM of smallholder farmers. Our findings imply that the government should take the development of ASSs as one of the main methods for promoting the establishment of moderate and large-scale agriculture and rural revitalization. Strengthening policies and financial support for both private and public ASS providers through financial innovation subsidies and preferential tax policies will help smallholder farmers reduce input costs and increase the scale of production and profits. The findings of this paper will provide a scientific basis and reference for the development of moderate-scale agriculture and rural revitalization.
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1. Introduction


The debate on the most appropriate size for a farm is ongoing [1,2,3,4]. Small-scale agriculture is promising when it comes to protection of the natural environment [5], whereas large-scale agriculture provides greater quantities of food for a growing population. In recent years, countries with a preference for small-scale agriculture have shown an interest in moving from small-scale to moderate and large-scale agricultural production through applying agricultural economies of scale [6,7]. The transfer of agricultural labor to rural off-farm industries and urban areas promotes farmland transfer among smallholder farmers, resulting in land consolidation through which moderate and large-scale farmlands are emerging [8]. However, farmland scale management (hereafter FSM) (farmland scale management refers to the form of land management to optimize socioeconomic benefits by changing the farmland area. Smallholder farmers adjust the size or scale of their farmland through transferring-in farmland from another farmer) alone cannot lead smallholder farmers to operate moderate and large-scale agriculture. The scale of other agricultural inputs, such as agricultural machinery, should be upgraded and matched with the scale of farms [9]. Smallholder farmers cannot purchase large-scale agricultural machines and other inputs suitable for emerging large and moderate scale farmlands. This prevents smallholder farmers from getting involved in the farmland transfer market and hinders the scaling-up of agricultural operations. Thus, a new model of agricultural input services urgently needs to be established.



China is on the way to establishing modern and moderate-scale agriculture by practicing FSM [6,10]. Besides encouraging agricultural labor transfers into off-farm employment, the government promotes farmland transfer to realize moderate-scale agriculture among smallholder farmers. Farmland transfer in China is the transfer of a parcel of farmland from one farmer (transfer-out) to another farmer (transfer-in) for two basic reasons. Firstly, when farmers move away to urban areas or rural-off farm industries for non-agricultural employment opportunities, they transfer-out their farmland [8,11]. Secondly, when farmers get old, the benefits to be obtained through transferring their farmland to others are greater than those derived from managing their farmland themselves [12]. In China, most old farmers have low skills and knowledge about modern farming practice (e.g., they cannot utilize farm machines and have limited abilities when it comes to fertilizer application). Moreover, the price of rice is cheap and the financial benefit obtained from rice farming is lower. Therefore, old farmers prefer to rent out their farmland to farmers who are capable of obtaining higher financial benefit through scaling up the size of their farmland and applying modern farming practices. At present, there is no special support policy for old farmers, which is similar to the situation in Japan and other countries.



Farmland transfer in China is highly promoted by the government. This is because the nature of China’s agriculture is small-scale. The farmland transfer market is fully guided by village government officials. The government collects all the available information on farmland and puts it into the online market system. Those farmers who would like to rent-in the farmland can obtain the information from the system. In 2019, the average farmland size was 0.56 hectares (according to our research, the operating farmland area of smallholder farmers in China is below 26 mu (1.733 hectares). The average farmland size in southern China is 7.276 mu (0.485 ha). Date on average farmland in China in 2019 retrieved from the national agricultural statistical data of Ministry of Agriculture and Rural Affairs in China), which is far less than the world average. When the household responsibility system come into effect in the main rural reform period of the early 1980s, communal farmlands were equally shared between rural households [13]. This resulted in substantial farmers with small and fragmented farmlands. The accumulation of agricultural labor in rural areas restricted the effort to cultivate moderate and large farms [14]. Farmers have been forced to get involved in intensive farming systems which put huge pressures on the land and lead to farmland fragmentation and degradation [15]. Nonetheless, with small farmers, China has achieved huge agricultural productivity over the last 40 years [16].



During the last four decades, urbanization and the growth of rural off-farm industries have caused the mass outflow of rural labor for employment opportunities [11,17]. This has created space for farmland transfer and promoted the establishment of an appropriate scale of farmland [18]. Since China promoted the reform of the “separation of three rights” (China’s farmland system divides farmland property rights into three types. The ownership right, where it belongs to the village collective; the contracting right, where it belongs to the members of the village collective; the management right, where farmland can be leased to others to obtain rent or other income) of farmland in 2014, researchers have conducted extensive discussions on farmers’ FMS behavior and its influencing factors. The factors affecting farmers’ FSM behavior decisions can be divided into two categories. First, the internal factors for farmers mainly include farmers’ human capital [19], social security [20], and part-time employment [18]. Second, there are the external factors, such as the economic development level [21], marketization of farmland transfer [22], and security of property rights [23].



Farmland transfer alone cannot induce the establishment of moderate-scale agricultural operations. Farmland transfer should be integrated simultaneously with improvement in the scale of agricultural input services [24]. Even though smallholder farmers have an opportunity to cultivate moderate-scale farms, they cannot afford inputs, such as agricultural machines, which are suited to the size of the farmland. In China, agricultural socialized services (hereafter ASSs) are an agricultural business model in which cooperatives, private agricultural service firms, and self-employed agricultural service agents provide agricultural input services (such as machine-rent and labor-hire services) to smallholder farmers [25]. ASSs represent the specialization and marketization of agricultural input services for smallholder farmers [26]. The cost of ASSs is expected to be lower than the farmers’ capability of providing the services by themselves. However, in some areas, the cost of ASSs is higher than the smallholder farmers’ capability to provide for themselves. This raises the question of whether ASSs have an influence on the farmland transfer behavior of smallholder farmers and facilitate the development of moderate-scale agriculture in China.



ASSs are generally regarded as a bridge to shifting smallholder farmers into operating moderate and large-scale agriculture. They can effectively promote farmland transfer and coordination to achieve large-scale farmland management [27,28,29]. Farmland-scale and service-scale operations promote each other. The process of agricultural modernization as carried out in China is not characterized by competitive but by win–win relationships [24]. Moreover, ASSs can realize agricultural scale operations without changing the household management system and land property ownership [30], which is a good way to resolve the contradiction between household operation and the scale of agricultural mechanization [31].



Researchers have carried out an empirical analysis of how FSM is affected by ASSs. For instance, [32] investigated the interaction between agricultural machinery investment and land scale using state-level data from the United States. They found that one-third of profitable farm owners expanded their farmland under their management through leasing due to the use of agricultural machinery. In [33], it was reported that the unified provision of irrigation services, tractor farming services, and pest control services in a village can significantly promote land scale management, while [34] revealed that the purchase of agricultural machinery and socialized services in rice production and harvesting have become key factors affecting farmers’ land transfer behavior. The authors also revealed that rice transplanting and drying have little impact on farmers’ land transfer. This indicates that the effect of ASSs on the FSM of small farmers varied between various agricultural practices. The authors of [35] found that the availability of ASSs promoted the development of farmers’ FSM operations by alleviating constraints on labor, technology, and other resource endowments.



Previous studies have shortcomings in that they focus on whether purchasing was the best way to measure ASSs and their impact on farmland transfer behavior among smallholder farmers when it is difficult to accurately measure development levels. Moreover, it is easy to sink into serious endogenous problems in the empirical analysis. In addition, existing studies have ignored an important fact regarding rice production in southern China. There are still a large number of artificial transplanting (artificial rice transplanting ASSs refers to the transplanting of seedlings from one rice farm to another, which is an important part of rice production in China) ASSs that the researchers have not addressed yet. In the study of ASSs, we cannot consider only agricultural machinery services to the exclusion of artificial socialized services.



This paper attempts to supplement the existing literature in two aspects. Firstly, focusing on the smallholder (in this paper, smallholder farmers refer to rice-farmers who are cultivating a range of farmlands below 26 mu (1.733 ha)) farmers in the rice region of southern China, this paper takes the development level of ASSs in the villages where the smallholder farmers are located as the relevant variable to avoid the endogeneity (in the process of quantitative analysis, due to the mutual influence between two variables, endogenous problems will occur. This will affect the accuracy of the analysis and thus, measures must be taken to avoid it) of the model analysis. We empirically test the farmland management area and farmland transfer behavior of the smallholder farmers to make the analysis in-depth and complete. Second, in terms of research methods, using microsurvey data and weighted least squares (WLS), this paper considers the possibility of simultaneous decision making between different production and management decisions of smallholder farmers (i.e., the purchase of ASSs and farmland transfer-in). Moreover, this study contributes to the literature by providing policymakers with specific knowledge on how the availability of ASSs could affect the FSM operation of smallholder farmers when moving into moderate and large-scale agricultural production.



The paper is organized as follows. First, we develop the theoretical framework for analysis and propose our hypotheses on the influence of ASSs on the FSM operation of smallholder farmers. Second, we summarize the survey methodologies and the data obtained from the smallholder farmers. Third, we evaluate the empirical findings, after which we provide a summary of the paper’s contributions to the agricultural economy of scale literature, and finally highlight the broad implications for contemporary debates on ASSs in Section 4.




2. Theoretical Analysis and Development of Hypotheses


2.1. ASSs and the Change in Input Structure for Agricultural Production Factors


The promotion of urbanization and the rapid development of secondary and tertiary industries leads to an increase in real wage income. This encourages a large number of young and middle-aged people from the rural labor force to transfer into urban areas, resulting in the extreme differentiation of rural and urban populations, with more elderly people, women and children, and a reduced young male labor force in the former [36]. The elderly and women are now the main representatives of agricultural labor. Moreover, China’s demographic dividend has gradually disappeared [37], and the rapid rise of labor costs have gradually increased the cost of agricultural production. According to a theory of induced technological change in agricultural production proposed by [38], changes in factor prices caused by scarcity of resources will induce technological progress and factor substitution. Land and labor are the basic input elements of agricultural production, and the cost of the agricultural labor force is increasing. Farmers, therefore, tend to reduce their investment in agricultural labor to maintain an operational scale and maintain their income level. Thus, farmers, tend to replace human labor with agricultural machines to reduce the cost of agricultural production.



The advancement of agricultural technology, especially regarding the high efficiency of agricultural production brought about by the improvement of the level of mechanization, makes agricultural machinery the best choice for labor substitution. Researchers have also revealed that there is a strong substitution relationship between agricultural machinery and labor [39]. Figure 1 shows a model of the agricultural machinery and labor substitution process to indicate factor substitution.



E*0 represents the initial possibility curve of technological innovation. When the price ratio of machinery to labor is aa′, a certain technology (such as machinery) e0 is invented. At this time, the minimum cost equilibrium point is M. At this point, labor and the input of mechanical elements are at the optimal ratio. When the price ratio of machinery to labor changes from aa′ to bb′, the machinery reaches a new development and progress level and labor costs rise. Point N is the new equilibrium point and indicates that machinery will replace labor to a greater extent.




2.2. Changes in the Input Structure of Agricultural Production Factors and Agricultural Scale Management


In the process of urbanization and development of secondary and tertiary industries, the demand for labor has risen and labor resources are relatively scarce. This leads to a rise in labor wages and changes in the capital–labor factor input ratio. As a result, the substitution of labor has become an important driving force in farmland transfer. On the other hand, the advancement of agricultural machinery and technology promotes the application of agricultural machinery and improves the efficiency of agricultural production, thereby changing the ratio of capital–labor factor inputs. Thus, farmland transfer and the scale of operation have become matters of rational choice for agricultural operators. This paper constructs the theoretical analysis framework for agricultural machinery and farmland transfer as shown in Figure 2.




2.3. Agricultural Socialized Services and Agricultural Scale Operations


In terms of economic benefits, agricultural machinery improves agricultural production efficiency. However, the limited economic ability and small-scale agricultural operation of small farmers means that they often cannot afford the purchase cost of large agricultural machinery [40]. Compared with the high cost of purchasing agricultural machines, the ASS has gradually developed under the conditions of marketization and socialization to reduce agricultural investment. Agricultural mechanization has become a common demand from farmers of different scales [41] and has become an important choice when it comes to realizing agricultural modernization with Chinese characteristics.



Affected by rapid urbanization and the aging of its farmers, China’s agricultural labor force is rapidly shrinking. Agricultural machine replacement is the best solution to continue China’s agricultural development. Currently, ASSs in southern China are mainly agricultural mechanization services, and though the cost of ASSs are rising, they are still affordable. There are specialized farm machinery service providers for farmers in southern China who provide machine services on a mobile basis throughout the region. These farmers are able to purchase the machines for themselves and provide tillage, transplanting, and harvest services to other smallholder farmers. There are problems associated with accessing ASSs as a result of the high demand for ASSs during the peak agricultural (i.e., sowing and harvesting) seasons. Therefore, increasing the availability of farm machinery during peak agricultural seasons should be increased and the costs of ASSs should be reduced to some extent.



ASSs can solve the problem of heavy physical labor and improve agricultural production efficiency, reduce the input cost of agricultural production, and improve the comprehensive income of rural households. Encouraging farmland transfer to achieve moderate-scale agricultural operation is the most satisfying choice for farmers. Planting rice in southern China will make little profit if the planting area is very small, but it will occupy the main labor force of the family. With the help of ASSs, farmers can operate a much larger area of farmland than their own contracted farmland. Therefore, farmers are highly encouraged by farmland transfer to maximize their received benefits via the adjustment of the size of their farms. In terms of institutional changes in perspective, the service outsourcing mechanism for agricultural practices promotes moderate scale management of farmland operations [33]. As a new system of allocating resources, agricultural service outsourcing shows strong evidence of the institutional changes in agricultural production. It is believed that with the help of agricultural service outsourcing, farmers will gradually change the traditional farmland management model and realize large-scale agricultural operations with Chinese characteristics (operations with Chinese characteristics refers to operating under the land system arrangement whereby land rights are split into three. Farmland transfer is used to expand the scale of operation, rather than buying and selling land).




2.4. Development of Research Hypotheses


Based on the above theoretical analysis, ASSs introduce advanced production factors into the production behavior of small farmers. Moreover, they improve agricultural production efficiency, liberate agricultural labor to increase productivity, and realize the substitution of capital factors for labor factors. The purchase of ASSs rationalizes the appropriateness of farmland size and agricultural machines for better productivity through reducing farmland fragmentation and agricultural labor inefficiency. The development of ASSs promotes farmland transfer and concentrates separated and scattered lands, thereby enhancing land consolidation. In China, arable land cannot be bought and sold. Agricultural socialized services allow the service providers to specialize in specific services (e.g., tillage and harvesting services). Moreover, ASSs reduce production costs for farmers and induce technological changes in agricultural production. Smallholder farmers transfer-in farmland from other farmers to expand their scale of operation and increase the marginal income from agricultural production.



ASSs are diversified across the different steps of agricultural practice. The impact difference is due to the differences in the physical and temporal needs of the labor force in different agricultural production practices. The impact is highest on rice harvesting because a larger labor force is needed and takes more time compared with other agricultural production practices. This difference may lead to differences in the scale of farmland management. ASSs save more energy and time and enhance the quality of agricultural production practices (reducing the loss of agricultural input and output). This directly encourages smallholder farmers to transfer-in farmland. However, there is no direct effect of ASSs on farmers who transfer-out their farmlands. The presence of those receiving farmland indicates the existence of those giving away their farmlands. This paper examines the overall impacts of ASSs on the FSM of smallholder farmers through farmland transfer. We then select the ASSs of the four main steps of agricultural practices; tillage, sowing, crop protection, and harvesting, to investigate their impacts on the FSM of small farmers. Finally, we take the small farmers’ decision-making behavior to analyze the specific impact of ASSs as a reference for robustness analysis. Based on the above theoretical analysis, we propose the following hypotheses:

Hypotheses 1.

Increasing the accessibility of ASSs has a positive impact on smallholder farmers’ FSM operations.





Hypotheses 2.

The impact of ASSs differs between tillage, transplanting, crop protection (including pesticide, herbicide, and fertilizer application), and harvesting on the FSM of smallholder farmers.





Hypotheses 3.

ASSs will affect the farmland transfer behavior of smallholder farmers, including both farmland transfer-in and transfer-out.









3. Data and Methods


3.1. Data Collection


Data were collected in July and August 2020 in the Hunan, Jiangxi, and Zhejiang provinces of south China. These provinces are the rice-producing bases of China and are responsible for more than 25% of national rice production. In the selection of sample households, the regional development level, geographical location, and relevant agricultural natural resource endowment were considered. The sample villages were determined using a combination of stratification (counties and districts) and random sampling (village and towns). However, the selection of farmers with farms in these villages was conducted using random sampling selection. Representative counties for the major rice-planting areas in the three provinces were selected. Figure 3 show the map of the study area. In Hunan province, 282 households were selected in Hengyang, Yanling, and Yiyang counties. In Jiangxi province, 334 households were selected in Wannian, Poyang, and Yugan counties. In Zhejiang province, 125 households were selected in Qingyuan and Xiangshan counties. In total, we obtained 741 households in eight counties to construct the dataset.



The controlled variables required were data on small-scale rice farmers’ characteristics, family characteristics, farmland characteristics, and village characteristics. A total of 800 questionnaires were distributed, and 741 valid samples met the requirements of this study, with an effective rate of 92.63%.



The questionnaire formulation, pre-investigation, and finally the editing of the questionnaire were carried out to ensure that the content was clear, properly understood, and accepted by farmers in the face-to-face interviews. The interviews with farmers were conducted by a group of 12 research experts who were familiar with our research team. Before the survey, to prove the trustworthiness and reliability of the survey data, the experts undertook training to ensure that the members fully understood the relevant issues in the questionnaire. The survey targeted rice farmers who had transferred farmland (in and out) in the village. The raw data were handled and analyzed using stata14 to facilitate analysis.




3.2. Description of Variables


3.2.1. Dependent Variables


Table 1 presents the definitions of the variables and descriptive statistical analyses. The dependent variables in this paper are the operation scale of small farmers, small farmers’ behavior regarding farmland both transferred-in and transferred-out, small farmers’ behavior regarding only farmland transferred-in, and small farmers’ behavior of farmland only transferred-out. According to the descriptive statistical analysis of variables (see Table 1), the average farmland scale of small farmers in Hunan, Jiangxi, and Zhejiang is 7.275 mu, and the overall operation scale is small. The proportion of small farmers showing farmland transfer behavior was 52.45%, 40.53% of which came under the category of farmland transferred-in behavior.




3.2.2. Independent Variables


This paper adopted ASSs that produce one season of rice per mu of land in the village where small farmers are located as its variable. This avoids endogeneity problems induced by farmers’ green production behaviors and the purchase of agricultural services. If the expenditure on ASSs per unit area for each farmer is used directly as a variable, this will create serious endogeneity problems. Therefore, the average price of ASSs per unit area in the village where the farmer is located is used as a substitute. The amount of expenditure is used to measure the level of local ASSs. Therefore, the availability of the ASS is measured based on the cost of ASSs. The lower the cost of an ASS, the easier smallholder farmers can access it. Compared with the direct use of local availability indicators, such as the availability of ASSs, this better represents the development level of ASSs where farmers are located.




3.2.3. Controlled Variables


In accordance with the rational farmer behavior theory, this paper identified four controlled variables: the individual characteristics of farmers, family characteristics, farmland characteristics, and village characteristics. First, individual characteristics include the age, educational level, migrant work experience, and agricultural technology training experience of the farmers. Family characteristics consist of income level, family business type, and human capital. The farmland characteristics are composed of farmland area, farmland fragmentation degree, farmland leveling, and farmland fertility. The characteristics of the village mainly include the geographical location of the village and whether the local government has publicized agricultural green production policies in the village.





3.3. Model Specification


In accordance with the household model of [42,43], this paper constructs a farm household production framework to analyze the impact of ASSs on FSM. In order to facilitate the analysis, it is assumed that the factor market faced by farmers is perfect and that the goal of maximizing farmers’ utility is simplified to maximizing agricultural production profits. In addition, it is assumed that farmers only engage in agricultural production, without carrying out any off-farm employment. Moreover, the crop type isn’t distinguished and the agricultural production function of farmers only includes agricultural socialized services and farmland scale operations.



The land resource endowment of the farmer is    A ¯   . In local farmland transfer markets, farmers can transfer their farmland. The actual farmland managed by the farmer is A, and the farmland rent-in is represented by r. In the ASS market, farmers can purchase ASS, and the value of ASS per area invested in agricultural production is S and the price per area is m. Thus, the cost of purchasing ASS is mS. The unit price of the grain product is p. Therefore, farmers invest in ASS, and the optimal value of land S*, A* can be transformed in order to solve the maximization problem. To ensure that the objective function has a maximum value, it is necessary to assume that the farmer’s agricultural production function, f(A, S) is strictly concave, i.e.,    f S  > 0  ,    f A  > 0  ,    f  S S   < 0  ,    f  A A   < 0  , and also:


  D =        f  S S        f  S A          f  A S        f  A A         =  f  S S    f  A A   −  f 2     S A   > 0  











We set the farmer objective function as:


    max   S , A    ∏   = p f   A , S             m S             A ,  A ¯    r  



(1)







The first-order condition is:


        p  f S  = m       p  f A  = r        



(2)







A farmer’s decision to invest in FSM and ASS to obtain the maximum profit needs to satisfy Equation (2). This shows that, at equilibrium state, the marginal output of households purchasing one unit of ASS should be equal to the price of unit ASSs. The net income of investing in one unit of farmland for agricultural production is equal to the rent per unit of transferred farmland. Since    f A    and    f S    are the functions of farmland input A and ASS input S, respectively, the total differential of   A , S , m , r , p   is obtained from Equation (2) as follows:


        p  f  S S   d S + p  f  S A   d A +  f S  d p − d m = 0       p  f  A S   d S + p  f  A A   d A +  f A  d p − d r = 0        



(3)







Solving Equation (3) can obtain the result:


  d A =  1  p (  f  A S    f A  −  f  A A    f S  )     ( p  f  A S    f S  − P  f  S S    f A  ) d S +  f A  d m −  f S  d r    



(4)







This paper only observes the impact of ASSs on the FSM; therefore, let   d m = d r = 0   and grain price   p = 0  , then:


    d A   d S   =    f  A S    f S  −  f  S S    f A     f  A S    f A  −  f  A A    f S     



(5)







Equation (5) shows that if    f  A S   > 0  , then     d A   d S   > 0  , i.e., with the increase of ASS input, the FSM will expand.



If    f  A S   < 0  ,     d A   d S   < 0  , then with the increase of investment in ASSs, the scale of farmland management will shrink. It can be seen that the direction of the impact of ASS inputs on the FSM depends on the positive and negative direction    f  A S    .



   f  A S     represents the impact of changes in ASS inputs on the marginal output of farmland, reflecting the substitution or complementation of factors. ASSs and farmland are complementary factors of production. If technological progress is not taken into account, and when the input of farmland and other factors are at an equilibrium state, an increase in the input of ASSs will increase the relative scarcity of farmland and increase the marginal output of farmland. Achieving a new equilibrium state, the input of farmland will also increase, showing a situation where the input of ASSs and the input of farmland will increase and decrease simultaneously.



It can be seen that, since FSM and farmland are complementary elements, the increase in ASS input increases the marginal output of land, that is,    f  A S   > 0  , then     d A   d S   > 0  .



As a rational agricultural production and operation subject, farmers consider external constraints when deciding to expand the FSM. At this stage, the continuous development of ASSs provides sufficient service supply for agricultural production. Farmers can alleviate the original resource endowment of FSM restrictions through the reasonable matching of their production factors and external production factors to achieve moderate-scale operation. Therefore, it can be inferred theoretically that the increase of ASS investment provides an incentive to farmers to expand their farms. In this paper, we empirically test the above research hypothesis using microdata from the farmer level.



This paper has carried out an empirical analysis of the mechanism of ASSs affecting the appropriate FSM of small farmers in China. From the practical perspective, this paper examines how ASSs have impacts on the moderate scale operation of farmland. Moreover, the paper analyzes the structural differences in the impact of different types of FSM on farmland transfer. In the development of moderate-scale agriculture operations, changes induced by the impact of ASSs were empirically explored.



The data used in this paper are cross-sectional and do not have equal variance; thus, they violate the homoscedasticity assumption. The application of the ordinary least squares method (OLS) in this case will lead to the problem of heteroscedasticity, which will affect the scientific validity of the regression results. Thus, weighted least squares (WLS) are used to overcome the heteroscedasticity problem. Moreover, WLS regression is critical for concentrating on each specific area and gives greater weighting to the target variables. The main operating principle is that by weighting the ordinary least square method, it is possible to construct a model without a heteroscedasticity problem. The equation for weighted least squares (WLS) is written as follows:


   W i  =  1   σ i     











If the weighting is taken as read, then the matrix is written as follows:


  W =        w 1     0   ⋯   0     0     w 2     ⋯   0     ⋯   ⋯   ⋯   ⋯     0   0   ⋯     w N         











In addition, the OLS + robust standard error approach is used to handle heteroscedasticity. The robust standard error is an approach to analyze data without the biased standard errors of the OLS coefficient of heteroscedasticity, serving as a robust reference for model estimation results.





4. Results and Discussion


4.1. The Impact of ASSs on Smallholder Farmers’ FSM


The impact of ASSs on the overall FSM of smallholder farmers is presented in Table 2. It can be seen that ASSs have a significant impact on the operating scale of small farmers. The empirical results in Model 1 and Model 2 are similar, indicating that the results are relatively stable. In Model 1, the result shows that the coefficient of ASSs is 4.463 with a significance level of 1%, implying that ASSs have a significant, positive impact on the overall FSM operation of smallholder farmers. In Model 2, the result shows that the coefficient of agricultural socialized services is 4.411 with a significance level of 1%; ASSs have a significant, positive impact on the overall FSM operation of smallholder farmers. The higher the level of ASSs, the larger the FSM of smallholder farmers, which confirms hypothesis 1. The purchase of ASSs by smallholder farmers can effectively alleviate their labor, technical, and financial constraints, and provide external conditions for expanding their FSM operations.



Consistent with our findings, [44] found that the expansion of large farmlands through land consolidation can only be achieved by improving suitably scaled agricultural mechanization services. The authors of [7] revealed that the provision of agricultural mechanization in the form of services can push smallholder farmers to switch to larger farmland operations by farmland rent-in. Ref. [11] studied the complementarity effect of farmland and agricultural mechanization and found that the growing availability of agricultural mechanization tends to have reduce small-sized farmlands in Asia. This finding supports the role of AM services in speeding up farmland transfer-in to create large farmlands. The authors of [45] revealed that, in the effort to move into operating moderate-scale agriculture, the complementarity of ASS with respect to mechanization and farmland rent-in is critical. It was stated in [46], however, that the establishment of large farms induced by land transfer and AM services resulted in a decline in labor-intensive crop production yet enhanced reduced-labor crop growth. This implies that the development of ASSs should consider such types of bottlenecks. Therefore, in the process of agricultural scale management, it is necessary to not only consider how farmland consolidation is influenced by ASSs to create large farms but also to evaluate the outcomes of FSM operations, such as reduced input costs and enhancing agricultural productivity.



Among the control variables, age, education level, income level, the proportion of agricultural production income, human capital, degree of farmland fragmentation, local farmland transfer price, and agricultural infrastructure level also have an impact on the FSM of smallholder farmers. Age and the farmland fragmentation degree appear to have a negative impact on the FSM of small farmers.




4.2. The Impact of ASS for Various Steps in Agricultural Practices on the FSM of Smallholder Farmers


The impact of ASSs on agricultural practices include tillage, transplanting, crop-protection (including pesticide, herbicide, and fertilizer application), and harvesting on the FSM of smallholder farmers is presented in Table 3. The weighted least squares method (WLS) is still used to estimate from Model 3 to Model 6. The results show that the impact of ASSs on various agricultural practices on the FSM of smallholder farmers is different. The ASSs for transplanting, crop protection, and harvesting have a significant impact on smallholder farmers’ FSM operations. However, as can be seen in Table 3 of Model 3, the impact of ASSs for tillage operation on the FSM of smallholder farmers is not significant for two fundamental reasons: (1) in areas with small household size, almost all of the smallholder farmers conduct farmland tilling operations using animal power; (2) in areas with large household sizes, small farmers buy small agricultural machines by themselves. This is because the cost of purchasing small agricultural machines (3000–5000) is far lower than the cost of renting machines through an ASS. Moreover, small agricultural machines owned by the farmers provide a long service life (3–5 years), high operation efficiency (about 1mu/hr), whereas the agricultural machinery socialized service cost is 100 yuan/ mu. These are the two critical factors that discourage farmers from acquiring agricultural machines in the form of ASS.




4.3. The Impact of ASSs on the Farmland Transfer Behavior of Small Farmers


In China, under the institutional arrangement of the household responsibility system, farmland transfer is one of the critical pathways for smallholder farmers to expand the scale of agricultural operations. Farmland is transferred-in to collectives or to other small farmers on the basis of enhancing the scale of operation and reducing farmland fragmentation. The farmland transfer behavior of smallholder farmers is divided into two kinds: (1) farmland transfer-in (Yes, farmers transfer-in farmlands), where farmers rent land to expand their scale of operation; (2) farmland is maintained as it is (No, farmers don’t want to transfer-in farmlands), where farmers keep their original farmland without transferring it to other farmlands. Thus, we use a binary logit regression to examine the impact of the overall development level of ASSs and the level of ASSs for agricultural practices, such as tillage, sow, crop protection, and harvesting, on the farmland transfer behavior of smallholder farmers. The estimated results are presented in Table 4.



The results of Model 7 show that the coefficient of overall ASSs is 1.266 with a significance level of 1%, indicating that, overall, ASSs have a significant, positive impact on the farmland behavior of small farmers, and implying that the higher the overall level of ASSs, the greater the farmland transfer behavior of small farmers. Therefore, developing ASSs is an important way to encourage smallholder farmers to expand their FSM and enhance the management scale of overall agricultural operations. The ASSs for each agricultural practice also have a significant, positive impact on the farmland transfer behavior of smallholder farmers in China.





5. Conclusions and Recommendation


Farmland transfer is one of the most critical paths for China to realize moderate and large-scale agriculture. This study aimed to empirically investigate the impact of ASSs on FSM operations of smallholder farmers and the impact of the ASSs for tilling, transplanting, crop-protection, and harvest operations on the FSM of small farmers, and to explore the ways in which smallholder farmers’ farmland transfer behavior (transfer-in and transfer-out) is affected by ASSs. This paper uses sample data collected from 741 small farmers in eight counties located in Hunan, Jiangxi, and Zhejiang provinces. The findings showed that the current average scale of farmland operation of smallholder farmers in southern China is 7.275 mu. The proportion of smallholder farmers exhibiting farmland transfer behavior is 52.45%, 40.53% having transferred farmland.



The empirical findings generally showed that the availability of ASSs has a significant impact on the promotion of smallholder farmers’ FSM operations. Of the ASSs for particular agricultural practices, only ASSs for tillage have an insignificant impact on the scale of farmland operation for smallholder farmers and for two fundamental reasons. Firstly, in areas with small household sizes, almost all smallholder farmers conduct the farmland tilling operation using animal power. Secondly, in areas with large household sizes, smallholder farmers prefer to buy small agricultural machines rather than renting them in the form of ASSs because the cost of renting the machinery through ASSs is higher than the cost of purchasing it for themselves. However, ASSs for harvest, crop protection, and harvesting have a significant impact in terms of promoting the scale of farmland operations of smallholder farmers and promoting farmland transfer behavior. The total of (whole) ASSs for tillage, transplanting, crop protection, and harvesting has a significant impact on smallholder farmers’ FSM in China.



The findings from this study have policy implications for the establishment of moderate-scale agriculture. The positive and significant impact of the ASSs on the FSM of smallholder farmers implies the necessity of a policy intervention to realize the establishment of an appropriate scale of farmland by incorporating ASSs for smallholder farmers. The government and related organizations should put forward supporting measures, such as subsidies to encourage the expansion of innovative ASSs.



The development of ASSs should be taken as one of the main directions for promoting agricultural and rural modernization, strengthening classified guidance, and promoting orderly rural development. The government should strengthen pilot and demonstration projects and carry out trials to innovate ASSs. Incentive-based policies and strategies, such as financial support policies and preferential tax policies, should be implemented. The policies should strengthen both the supply and demand sides of ASSs.



This study is limited to examining the impact of ASSs on the FSM operation of smallholder farmers. Such impacts may occur due to factors such as farmers’ income status, off-farm employment opportunities for rural labor, farmland rights policies, and the topography of the farmland areas. Future studies addressing these factors in the study of farmland transfer would contribute to the establishment of moderate and large-scale agricultural operations. Our study only focuses on smallholder rice farmers and data collected from eight counties from the three provinces in the southern rice-growing region of China. Studies on other grains, such as wheat, corn, and soybeans, are crucial to gain better knowledge of the heterogeneous effects of ASSs on FSM in a broader context.
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Figure 1. Model diagram showing the substitution of agricultural machinery for labor. Source: Created by the author. 
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Figure 2. The relationship between agricultural mechanization, rural labor, and farmland transfer. Source: The authors designed the diagram of the theoretical framework based on the information available in the above analysis. 
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Figure 3. Map of the surveyed area. Source: Created by the author. 
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Table 1. Variable definitions and statistical description.
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Variable Category

	
Variables

	
Definition

	
Mean

	
S. D






	
Dependent variable

	
Scale management behavior

	
Management scale of smallholder farmers

	
Actual cultivated land management area of smallholder farmers (MU)

	
7.276

	
6.363




	
Is there any cultivated land transfer in

	
Yes = 1; No = 0

	
0.405

	
0.491




	
Independent variable

	
Agricultural socialized service

	
Development level of local ASS

	
Actual expenditure of ASS for producing one season of rice per mu in the village where the smallholder farmers are located (yuan)

	
266.904

	
61.317




	
Cultivated land link

	
Proportion of households purchasing services in cultivated land in villages where smallholder farmers are located

	
0.783

	
0.153




	
Planting link

	
Proportion of households in the village where smallholder farmers are located to purchase services during seedling transplanting

	
0.342

	
0.189




	
Plant protection link

	
Proportion of smallholder farmers’ villages purchasing services in plant protection (%)

	
0.193

	
0.152




	
Harvesting link

	
Proportion of smallholder farmers’ villages in purchasing services during harvesting (%)

	
0.821

	
0.178




	
Control

variable

	
Individual characteristics

	
Age

	
Actual age of respondents (years)

	
61.901

	
9.417




	
Education level

	
Education years of respondents (years)

	
3.979

	
3.092




	
Work experience outside hometown

	
Years of migrant work of respondents (years)

	
3.661

	
1.022




	
Family characteristics

	
Population structure

	
Number of labor force/total number of households (%)

	
0.598

	
0.332




	
Income level

	
Total household income in 2019 (10,000 yuan)

	
93506.88

	
103963.6




	
Proportion of agricultural production income

	
Agricultural income/total household income in 2019 (%)

	
0.287

	
0.334




	
Human capital

	
Number of college students in family members (person)

	
0.326

	
0.469




	
Cultivated land characteristics

	
Degree of cultivated land fragmentation

	
Number of cultivated plots/actual cultivated plots (block/mu)

	
1.211

	
1.363




	
Cultivated land leveling

	
Flat = 1; A little slope = 2;

Large slope = 3

	
1.813

	
0.788




	
Cultivated land fertility status

	
1 = very poor; 2 = poor; 3 = General; 4 = better; 5 = very good

	
3.274

	
0.859




	
Village characteristics

	
Geographical position

	
Mileage from nearest township government (km)

	
5.619

	
4.047




	
Local cultivated land transfer price

	
Actual price of land circulation in 2019 (yuan/mu)

	
436.782

	
83.926




	
Agricultural infrastructure level

	
Does the village have high standard farmland construction 1?

Yes = 1, no = 0

	
0.360

	
0.480








1 In China, the construction of high-standard farmland has been carried out over the years as an agricultural project, which means that uneven farmland is sorted and flattened according to the standard and broken farmland is consolidated.
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Table 2. The overall impact of ASS on the FSM operation of small farmers.
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Variables

	
Model 1

	
Model 2




	
OLS + Robust Standard Error

	
Weight Least Squares (WLS)




	
Coefficient

	
S.E.

	
Coefficient

	
S.E.






	
ASS

	
4.463 ***

	
1.302

	
4.411 ***

	
1.107




	
Age

	
−0.058 ***

	
0.021

	
−0.052 **

	
0.023




	
Education level

	
0.142 **

	
0.063

	
0.153 **

	
0.068




	
Physical health

	
0.033

	
0.190

	
−0.032

	
0.206




	
Population structure

	
0.436

	
0.580

	
0.397

	
0.609




	
Income level

	
1.492 ***

	
0.125

	
1.481 ***

	
0.151




	
Agricultural production income

	
5.161 ***

	
0.649

	
5.305 ***

	
0.706




	
Human capital

	
1.610 ***

	
0.458

	
1.621 ***

	
0.436




	
Fragmentation degree of farmland

	
−0.457 ***

	
0.178

	
−0.429 ***

	
0.151




	
Farmland leveling

	
−0.110

	
0.830

	
−0.116

	
0.624




	
Farmland fertility status

	
−0.110

	
0.254

	
−0.176

	
0.237




	
Geographic location

	
0.149

	
0.150

	
0.1517

	
0.115




	
Local farmland transfer price

	
3.384 **

	
1.706

	
3.4814 ***

	
1.277




	
Agricultural infrastructure level

	
1.468 ***

	
0.485

	
1.529 ***

	
0.466




	
Constant term

	
−53.650 ***

	
8.088

	
−53.886 ***

	
7.178








Note: **, *** indicate statistical significance at the level of 5%, and 1%, respectively.
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Table 3. The impact of ASSs for agricultural practices (tillage, transplanting, crop-protection, and harvest) on the FSM of smallholder farmers.
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Variables

	
Model 3

Tillage

	
Model 4

Transplanting

	
Model 5

Crop-Protection

	
Model 6

Harvest




	
Coefficient

	
S.E.

	
Coefficient

	
S.E.

	
Coefficient

	
S.E.

	
Coefficient

	
S.E.






	
ASS

	
−0.300

	
1.485

	
8.337 ***

	
1.780

	
11.435 ***

	
2.457

	
6.455 ***

	
1.521




	
Age

	
−0.034

	
0.023

	
0.012

	
0.021

	
0.0115

	
0.019

	
−0.013

	
0.022




	
Education level

	
0.185 ***

	
0.071

	
0.234 ***

	
0.067

	
0.1684 ***

	
0.064

	
0.234 ***

	
0.069




	
Physical health

	
−0.259

	
0.210

	
−0.470 **

	
0.201

	
−0.534 ***

	
0.191

	
−0.103

	
0.209




	
Population structure

	
0.623

	
0.646

	
−0.170

	
0.622

	
−0.051

	
0.511

	
0.291

	
0.645




	
Income level

	
1.400 ***

	
0.160

	
1.242 ***

	
0.149

	
1.262 ***

	
0.150

	
1.393 ***

	
0.155




	
Agricultural production income

	
6.094 ***

	
0.730

	
6.074 ***

	
0.755

	
6.217 ***

	
0.716

	
5.516 ***

	
0.738




	
Human capital

	
2.056 ***

	
0.453

	
1.861 ***

	
0.403

	
2.188 ***

	
0.385

	
2.110 ***

	
0.435




	
Fragmentation degree of farmland

	
−0.322 **

	
0.147

	
−0.424 ***

	
0.139

	
−0.303 ***

	
0.115

	
−0.500 ***

	
0.149




	
Farmland leveling

	
0.194

	
0.655

	
−0.160

	
0.616

	
0.925 *

	
0.556

	
−0.415

	
0.694




	
Farmland fertility status

	
−0.201

	
0.244

	
−0.621 ***

	
0.219

	
−0.671 ***

	
0.205

	
−0.457 *

	
0.234




	
Geographic location

	
0.093

	
0.118

	
0.133

	
0.118

	
−0.024

	
0.102

	
0.285 **

	
0.128




	
Local farmland transfer price

	
8.498 ***

	
1.196

	
1.847

	
1.392

	
1.466

	
1.445

	
3.132 **

	
1.408




	
Agricultural infrastructure level

	
1.031 **

	
0.498

	
1.687 ***

	
0.438

	
1.306 ***

	
0.438

	
1.883 ***

	
0.473




	
Constant term

	
−59.651 ***

	
7.707

	
−20.708 **

	
8.736

	
−18.563 **

	
8.860

	
−33.521 ***

	
8.337








Note: *, **, *** indicate statistical significance at the level of 10%, 5%, and 1%, respectively.
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Table 4. The impact of ASSs on farmland transfer behavior of smallholder farmers.
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Variables

	
Model 7

(Whole)

	
Model 8

(Tillage)

	
Model 9

(Transplanting)

	
Model 10

(Crop-protection)

	
Model 1

(Harvest)




	
Coefficient

	
S.E.

	
Coefficient

	
S.E.

	
Coefficient

	
S.E.

	
Coefficient

	
S.E.

	
Coefficient

	
S.E.






	
ASS

	
1.266 ***

	
0.470

	
1.640 ***

	
0.627

	
1.331 **

	
0.616

	
3.448 ***

	
0.903

	
2.174 ***

	
0.686




	
Age

	
−0.005

	
0.010

	
−0.005

	
0.010

	
−0.004

	
0.010

	
−0.007

	
0.010

	
−0.002

	
0.010




	
Education level

	
−0.016

	
0.030

	
−0.019

	
0.030

	
−0.014

	
0.030

	
−0.010

	
0.030

	
−0.015

	
0.030




	
Physical health

	
−0.161 *

	
0.089

	
−0.162 *

	
0.089

	
−0.171 *

	
0.088

	
−0.149 *

	
0.089

	
−0.148 *

	
0.089




	
Population structure

	
1.564 ***

	
0.338

	
1.595 ***

	
0.334

	
1.546 ***

	
0.335

	
1.680 ***

	
0.339

	
1.535 ***

	
0.332




	
Income level

	
0.639 ***

	
0.078

	
0.663 ***

	
0.079

	
0.627 ***

	
0.078

	
0.649 ***

	
0.079

	
0.645 ***

	
0.078




	
Agricultural income

	
2.170 ***

	
0.332

	
2.322 ***

	
0.327

	
2.200 ***

	
0.332

	
2.140 ***

	
0.329

	
2.147 ***

	
0.329




	
Human capital

	
0.584 ***

	
(0.190)

	
0.586 ***

	
0.190

	
0.582 ***

	
0.190

	
0.622 ***

	
0.192

	
0.674 ***

	
0.195




	
Fragmentation degree of farmland

	
0.202 ***

	
0.072

	
0.210 ***

	
0.072

	
0.184 ***

	
0.070

	
0.219 ***

	
0.073

	
0.197 ***

	
0.071




	
Farmland leveling

	
0.494 *

	
0.271

	
0.571 **

	
0.266

	
0.605 **

	
0.265

	
0.827 ***

	
0.270

	
0.302

	
0.287




	
Farmland fertility status

	
−0.026

	
0.103

	
−0.003

	
0.104

	
−0.030

	
0.102

	
0.017

	
0.104

	
−0.025

	
0.103




	
Geographic location

	
−0.042

	
0.050

	
−0.044

	
0.050

	
−0.070

	
0.049

	
−0.085 *

	
0.050

	
0.005

	
0.054




	
Local farmland transfer price

	
−0.015

	
0.523

	
0.607

	
0.457

	
0.131

	
0.524

	
−0.780

	
0.603

	
−0.216

	
0.536




	
Agricultural Infrastructure level

	
0.664 ***

	
0.205

	
0.726 ***

	
0.212

	
0.610 ***

	
0.201

	
0.575 ***

	
0.200

	
0.693 ***

	
0.206




	
Constant term

	
−16.120 ***

	
3.251

	
−14.687 ***

	
3.131

	
−10.337 ***

	
3.429

	
−5.786

	
3.725

	
−9.901 ***

	
3.274








Note: *, **, *** indicate statistical significance at the level of 10%, 5%, and 1%, respectively, and the robust standard errors are in parentheses.
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