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Background: Arable land protection is the key to guaranteeing food security in China, as well as protecting the ecological environment and ensuring the continuous increase of farmers’ income. Crop rotation is one of the many forms of arable land protection.
Objectives: In this paper, we aim to estimate the possible influence of land fragmentation, famers’ willingness to rotate, and farmers’ rotation behavior in China. Combining farmers’ willingness to rotate and farmers’ rotation behavior using the theory of intermediary effect, we determine whether the degree of land fragmentation will affect farmers’ willingness to rotate or not, thereby affecting farmers’ rotation behavior.
Methodology: This study based on the field survey conducted in Heilongjiang Province in 2018, focused on the impact of land fragmentation on farmers’ rotation behavior through OLS and Probit model. Specifically, the degree of land fragmentation and farmers’ willingness to rotate are 0.187 and 0.463, respectively. Further, by taking the farmers’ willingness to rotate as the mediator, this paper discusses the mechanism on the effect of land fragmentation on farmers’ rotation behavior. Finally, the farmers are divided into large and small farmers—according to acreage for heterogeneity analysis.
Main findings: This study found that the degree of land fragmentation affects farmers’ willingness to rotate, thereby having some mediating effects on farmers’ rotation behavior.
Conclusion: The indirect impact accounts for only 39.86% of the total impact, and more comes from the direct impact. Thus, policy makers should strengthen the guidance for farmers to stimulate their behavior and willingness to implement rotation. Furthermore, it is vital to improve the popularization of arable land protection knowledge and increase crop rotation subsidies.
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1 INTRODUCTION
Various ecological problems have become increasingly prominent due to the accelerated growth of urbanization. Ecological security and conservation have recently become an important hot issue (Yu et al., 2021). In April 2013, during the inspection in Hainan, President Xi Jinping emphasized that “a good ecological environment is the most equitable public good and allows for the most inclusive people’s livelihood.” (http://politics.people.com.cn/n/2013/0410/c1024-21090468.html accessed on 10 April 2013) In the following 5 years, China has strengthened its policies concerning the ecological environment. In June 2018, the CPC Central Committee and the State Council issued Opinions on Comprehensively Strengthening Ecological and Environmental Protection and Resolutely Fighting a Tough Battle for Pollution Prevention and Control to ensure a fundamental improvement in the quality of the ecological environment and in the economic policy and legal system for ecological and environmental protection. The development of green and low-carbon recycling economy and improving comprehensive energy and resource conservation were promoted to achieve the goal of building a beautiful China (http://www.gov.cn/zhengce/2018-06/24/content_5300953.htm?trs=1 accessed on 24 June 2018).
Northeast China is one of the largest producers of grain in the country. In 2020, in the main grain producing areas, the output of corn, rice, and soybean in Heilongjiang Province were 36.466 million tons, 28.962 million tons, and 9.203 million tons, respectively, accounting for 98.97% of the total grain output of the province, providing sufficient guarantee for the supply of grain crops throughout the country. Northeast China, including Liaoning, Jilin, and Heilongjiang provinces. Northeast China has superior agricultural natural conditions, rich industrial natural resources, and prominent geographical relations and strategic position (Li and Chen, 2017). However, in recent years, with the increase in population and the over exploitation of resources, the ecological environment in this area has been deteriorating (Li et al., 2010a). In May 2017, the Ministry of Agriculture issued the action plan for straw treatment in Northeast China to increase farmers’ income and the quality of cultivated land, as well as to promote ecological and environmental protection (http://www.kjs.moa.gov.cn/hbny/201904/t20190418_6185480.htm accessed on 18 May 2017). In recent years, the preservation and development of the ecological environment in Northeast China has achieved remarkable results. In terms of high-quality economic and social development, Northeast China needs more support and help from the state, and internal regional linkages must be strengthened to build an ecological coordination mechanism.
The black soils in Northeast China play an important role in food security for the Chinese population of 1.4 billion (Liu et al., 2021). According to the data provided by the Office of the Leading Group for the Preparation of National Water and Soil Conservation Planning, the total area of black soil area is 1.09 million square kilometers, accounting for about 12% of the total area of the global black soil area. However, over the past few decades, the black soil layer has decreased by an average of 1 cm per year. The thickness of black soils is 80–100 cm at the initial stage of reclamation, while it is only 20–40 cm at present (Chen et al., 2021). In recent years, the quantity and quality of soil organic matter cultivated in black soils in Northeast China have decreased rapidly due to natural and artificial factors; hence, the urgent protection of black soils is necessary (Yan et al., 2021). Due to overexploitation and unsustainable management measures, the soil organic matter in this area is declining as well as the quality of cultivated land (Du et al., 2021). This has led to the long-term exposure of black soil, degradation of soil structure, and aggravation of wind and water erosion in some parts of Northeast China, which poses a severe challenge to the sustainable development of agriculture and the guarantee of food security in Northeast China. According to the 2020 data from the China Soil and Water Conservation Bulletin, the area of black soil erosion in the northeast is 2,16,000 square kilometers, accounting for 19.86% of the total black soil area, and the black soil layer is decreasing at an average annual rate of 0.1–0.5 cm erosion loss. Thus, effective protection and utilization of northeast black soil resources is an important measure to ensure food security and sustainable development in China (Kamil, 2020). FAO (Food and Agriculture Organization of the United Nations) defines conservation agriculture as an agricultural system that promotes minimal soil disturbance, maintains permanent soil cover, and diversifies plant species. It enhances biodiversity and natural biological processes above and below the surface, improves the efficiency of water and nutrient use, and sustains crop production (https://www.fao.org/conservation-agriculture/en/accessed in 2021). In March 2020, the Ministry of Agriculture and Rural Affairs and the Ministry of Finance of the People’s Republic of China jointly issued the Northeast Black Soil Conservation Tillage Action Plan (2020–2025) at the national level to raise the implementation of conservation tillage in Northeast China. It is necessary and feasible to strengthen policy guidance and change the traditional farming system to curb the degradation of black soil, restore and enhance the fertility of cultivated land, and strengthen the foundation of national food security (http://www.gov.cn/xinwen/2020-03/18/content_5492780.htm accessed 18 March 2020).
Land fragmentation, wherein a household operates more than one separate plot of land, is a vital factor restricting agricultural development (Tran and Vu, 2019), which is the most feature of China. Some studies confirm that land fragmentation may have positive effects. Those who support this view believe farmers who possess several minute and diverse parcels of land spread out spatially generally means that they had access to a greater variety of soils for cultivation when facing the risk of natural disasters (Shaw, 1963). Also, land fragmentation allows farmers allocate production factors to increase land productivity and food diversification, acceptability, accessibility according to different plots (Bentley, 1987; Ntihinyurwa and Vries, 2021). At the same time, a variety of crops can be planted in different plots to reduce market risks and farmers’ exposure to weather variability (Benin et al., 2004; Ntihinyurwa et al., 2019). However, many previous studies have shown that the existence of land fragmentation has negative effects. Many researchers find that land fragmentation is related to lower agricultural output and reduced productivity in settings as diverse as rural China (Nguyen et al., 1996; Wan and Cheng, 2001), which tends to be associated with high cost of production, particularly in terms of labour, because of the amount of time spent getting into spatially separated parcels (Van Hung et al., 2007). In other words, smaller and more fragmented parcels of cultivated land hinder mechanization, increase fixed costs such as fences, and adds to the possibility of land disputes (Demetriou et al., 2013). Previous studies indicated that about 3%–10% of effective arable land was wasted due to the land fragmentation in China (Xiang, 2010). Many research shows that the more serious the degree of land fragmentation, the lower the efficiency of agricultural management and the lower the utilization rate of agricultural machinery, which directly leads to the reduction of cultivated land area (Li et al., 2010b). Furthermore, the impact of land fragmentation on farmers who mainly grow grain is also serious, mainly because the degree of land fragmentation is closely related to the operation scale of cultivated land and the income of farmers, which determines the quality of life and living environment of farmers to a certain extent (Van den Berg et al., 2007). Much of existing research on it focus on food security, crop productivity, and farmer income, but there is a lack of research data on the parcel of land involved and a research method combining land fragmentation, farmers’ willingness to rotate, and farmers’ rotation behavior. Our findings make a contribution to fills this gap. We used OLS and Probit model to estimate the impact of land fragmentation on farmers’ rotation behavior. Furthermore, according to acreage for heterogeneity analysis, the farmers are divided into large and small farmers.
In terms of arable land protection, the key to maintaining and improving the quality of arable land lies in how to motivate farmers to practice its continuous and effective protection. Academic research on the potential influencing factors of arable land protection behavior has achieved good results, among which are the farmers’ age and agricultural income (Molnar, 1985; Yu et al., 2014), educational level, (Wu, 2018) and the period of residence of part-time farmers in the local area (Wilson, 1997). Similarly, the area of rocky desertification (Yu et al., 2014), the publicity of arable land protection, and the level of local economic development (Wu, 2018) are also important influencing factors affecting farmers’ arable land protection. Some scholars mentioned that the “empathy” of the pursuit of the public interest have influenced farmers’ arable land decision-making behavior in the psychological level, which in turn has made farmers inclined to conservation tillage (Supalla, 2003; Chouinard et al., 2008); however, these studies are mainly theoretical analyses and lack data and empirical research. Sheeder and Lynne (2011) empirically analyzes the impact of compassion on farmers’ adoption of conservation tillage and finds that the more compassionate farmers are, the more likely they are to adopt conservation tillage (Sheeder and Lynne, 2011). Research on conservation tillage has focused on its benefits (Zhang et al., 2012; Dai et al., 2021; Madarász et al., 2021), its present implementation, and the problems with its extension (He et al., 2010; Pedersen et al., 2012; Wang et al., 2016), among others. The results show that conservation tillage is of vital significance to the improvement of cultivated land quality and grain yield.
In aspect of research on farmer behavior, the existing research mostly discuss the factors influencing crop rotation behavior through internal characteristics and external key factors (Grabowski and Kerr, 2014; Mann, 2018; Ntshangase et al., 2018). In the previous studies, farmers with greater environmental awareness pay more attention to rural land protection (Beedell and Rehman, 2000). As for policy tools, scholars often study its impact on macro land use changes (Schieffer and Dillon, 2015; Kuang et al., 2020) or explore specific incentive policies (Barry et al., 2014; Brown et al., 2018). Some scholars also research the effect of policy stimuli, proving that policies can effectively stimulate farmers’ behavior (Barry et al., 2014; Schieffer and Dillon, 2015; Kaine et al., 2017). Existing research methods on farmers’ behavior focus on simple linear regression models such as logistic regression (Yadav et al., 2021) or structural equation models (Aregay et al., 2018) for quantitative analysis.
The willingness to arable land protection plays an important role in preserving the rural ecological environment. Foreign scholars have conducted several studies on the influencing factors of arable land protection intention, which are mainly reflected in a number of aspects. First, in terms of the certainty of cultivated land management right, the uncertainty of land tenure will hinder farmers from adopting conservation tillage technology (Bewket, 2007). Second, in the aspect of the individual characteristics of farmers, the impact of age, educational level, non-agricultural income, length of residence, and other factors on farmers’ adoption of conservation tillage technology (Wilson, 1997). Among them, the longer the period of residence, the more farmers tend to adopt conservation tillage. The factors affecting farmers’ actual protective measures include environmental degradation (Traoré et al., 1998), farmers’ education level, expected crop loss, the impact of pesticide use on health, and the availability of sufficient information on best management practices. In addition, the higher the level of education, the stronger the farmers’ awareness of protecting cultivated land (Mbaga-Semgalawe and Folmer, 2000; Vignola et al., 2010). Third, in the aspect of policy encouragement, higher incentives had a positive impact on respondents’ willingness to install buffers (Lynch et al., 2002). As crop input management decisions become more complex and technical assistance becomes more challenging, the provision of expert advice may help promote the adoption of specialized conservation practices (Lambert et al., 2007). Fourth, in terms of environmental awareness, cognitive and psychological variables such as belief in soil protection and sense of responsibility for soil management have a positive impact on the adoption of soil protection measures (Lynne et al., 1988; Gould et al., 1989). The awareness of environmental issues was improved through education, membership of producer organizations, and participation in government funded agricultural projects (Traoré et al., 1998). Also, farmers’ perception of the probability and severity of climate related events and the final perceived coping ability are the determinants of farmers’ coping behavior (Grothmann and Patt, 2005).
Domestic scholars on farmer willingness to rotate are fewer, previous studies found that farmers’ age, education level, annual household income, per capita arable land area per household, and dependence on land resources are the five basic and universal factors that influence farmers’ willingness to rotate (Chen et al., 2005). The older farmers are, the stronger their awareness of arable land protection. In addition, land fragmentation and the decline in the proportion of agricultural income will lead to the reduction of farmers’ willingness to protect (Zhao et al., 2008). However, there is a lack of research on the influencing factors that combine the willingness and behavior of arable land protection, which is the problem to be discussed in this paper.
To address this gap, this study aims to estimate the possible influence of land fragmentation, famers’ willingness to rotate, and farmers’ rotation behavior in China. Combining farmers’ willingness to rotate and farmers’ rotation behavior using the theory of mediating effect, we determine whether the degree of land fragmentation will affect farmers’ willingness to rotate or not, thereby affecting farmers’ rotation behavior. Further, large and small farmers were divided based on acreage and were estimated to explore whether there is different mediating effect between them. Despite these important findings, this study has several limitations. Considering the time and financial costs, our study focused on the main grain producing areas. The lessons learned from the present study may not be generalizable to other areas of China. Also, the age of the farmers in the sample is about 50 years old, and cognitive gaps limited by age are not fully discussed in this paper. Under the perspective of intergenerational, the new and middle generations are more willing to preserve agricultural land than the older generation (Zhao et al., 2008), the impact of land fragmentation on farmers’ age is not significance in our study.
The remainder of this paper is structured as follows. Section 2 analyzes the investigation data. Section 3 describes the methodology and the mediation model. Section 4 presents empirical results, and Section 5 concludes the study.
2 STATISTICAL METHODS
2.1 Data collection and definition of variables
We select samples according to the accumulated temperature zone (the sum of the daily average temperature during the continuous period of daily average temperature ≥10°C in a year, i.e., the sum of active temperature, referred to as accumulated temperature, which is an index to study the relationship between temperature and the development speed of biological organisms). Most of them are sample counties in the third and fourth accumulated temperature zone. We use multi-stage sampling in this research. First, we selected 15 counties from Heilongjiang Province according to the distribution of accumulated temperature zone using the probability scale proportional sampling (PPS). Second, we chose three towns from each sample county according to the per capita industrial output value through the equidistant sampling method. Finally, we randomly selected three villages from each town, and then randomly choose 10 farmers from each village.
In Table 1, farmers’ rotation behavior and rotation intention were 56.0% and 75.2%, respectively, indicating that most farmers have relatively high intention of arable land protection. The key independent variable in this study is the degree of land fragmentation, and its mean value is 0.654.
TABLE 1 | Definitions of variables.
[image: Table 1]The most frequently used tool to measure fragmentation is the Simpson index (Blarel et al., 1992), which was used in this study to reflect the degree of land fragmentation. To assess the degree of fragmentation, the Simpson index we used is as follows:
[image: image]
where SI denotes the degree of land fragmentation, which is bounded between 0 and 1; the greater its value, the higher the degree of land fragmentation. When SI = 0, the farmers have only one piece of land, and when SI = 1, the fragmentation is worst. In Eq. 1, ai refers to the area of each plot i, and n denotes the number of plots. We select the gender, age, whether the village leader, whether the party member, years of education and land area of farmers as control variables. In the control variables, and the mean value of sample gender is 0.988, indicating that most farmers involved are males. We asked farmers whose families mainly make decision about farming, which is why the proportion of male is so high. The age of the farmers in the sample is about 50 years old, indicating that the main labor force in rural areas is the elderly. Among them, the average educational level of farmers is 7.931, which means the educational level of the main labor force in rural areas is not high, and most of them have not completed the 9-year compulsory education.
2.2 Descriptive statistics
Based on the above main variables, we analyze the differences between the two sample groups in each variable by distinguishing whether farmers have rotation intention or not, and obtain the descriptive statistics. Among them, 981 farmers have rotation intention, accounting for 75.23% of the total sample, while 323 farmers had no rotation intention, accounting for 24.77% of the total sample in Table 2.
TABLE 2 | Descriptive statistics of variables.
[image: Table 2]There are significant differences in rotation behavior between farmers with rotation intention and farmers without rotation intention. Specifically, the average land fragmentation index of farmers with rotation intention is 0.668, which is 0.056 higher than the average of 0.612 of farmers without rotation intention. In terms of other variables, there are still significant differences between farmers with and without rotation intention, and the average value of farmers with rotation intention is higher than that of farmers without rotation intention. Specifically, the average value of rotation behavior of farmers with rotation intention is 0.712, which is much higher than the average value of 0.099 of farmers without rotation intention. Furthermore, in the control variables, the acreage has significant differences between farmers with rotation intention and farmers without rotation intention. Specifically, the average value of acreage of farmers with rotation intention and farmers without rotation intention are 46.387 and 27.072, respectively, indicating that the role of farmers’ rotation intention in farmers’ rotation behavior is extremely significant.
In order to further explore the impact of land fragmentation on farmers’ behavior of arable land protection and the possible mechanism, we use the OLS and Probit model to estimate.
3 METHODOLOGY
3.1 Estimation method
We use the OLS model to estimate the influence of land fragmentation on farmers’ rotation behavior, as follows:
[image: image]
where Y is the dependent variable that denotes whether the farmers have rotation behavior or not, and [image: image] denotes the degree of land fragmentation (between zero to one). [image: image] is the coefficient for land fragmentation, which we are focusing on, and measures the impact of land fragmentation on farmers’ rotation behavior. X is a vector of exogenous control variables, such as the gender, age, party membership, education level, cadres of the farmers and acreage. [image: image] is the related coefficient vector. [image: image] is the intercept, and [image: image] is a random error that exists in normal distribution. [image: image] represents each of the observations.
The dependent variable of this paper is whether farmers implement crop rotation behavior or not, which includes two aspects: Yes and No. This requires ensuring that the short-cut process of the dependent variable is 0 or 1 in the empirical analysis. Therefore, we used the Probit model, a non-linear regression model specifically designed for binary dependent variables, which are y (0 = farmers have no rotation in the recent 5 years; 1 = farmers have rotation in the recent 5 years), and X, the degree of land fragmentation (between zero to one), as follows:
[image: image]
where [image: image] is the cumulative standard normal distribution function. For the convenience of calculating probabilities, we used the Probit model instead of the Logit model, because the Logit model allows more extreme observations while the Probit model assumes a normal distribution.
3.2 Mediation model
In this research, we hypothesized that farmers implement crop rotation behavior based on their willingness to rotate, which acts as the mediating variable. Therefore, a mediation model was used in this study. Mediation analysis involves statistical methods used to respond to how an independent variable, X (the degree of land fragmentation), transmits its effect on a dependent variable, Y (farmers’ rotation behavior), and this effect is “mediated” by another variable (Hayes, 2013), M (farmers’ willingness to rotate) (Hayes, 2013). According to MacKinnon et al. (2007), the “mediator is a variable that is in a causal sequence between two variables, whereas a moderator is not part of a causal sequence between the two variables” (MacKinnon et al., 2007). In other words, the variable M is intermediate in the causal trajectory of X and Y and represents an asymmetrical relationship between such variables. Therefore, a mediating effect model is established to test the impact mechanism.
The following shows the impact mechanism model of farmers’ rotation behavior:
Based on the above analysis, the mediator in this paper is the farmers’ willingness to rotate. The refinement of the above model is as follows:
[image: image]
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where Y is the dependent variable that denotes whether the farmers have rotation behavior or not, and W is the mediator which shows whether the farmers are willing to rotate or not. [image: image] is the coefficient for the impact of land fragmentation on farmers’ rotation behavior, and [image: image] is the coefficient for the mediating effect of land fragmentation on farmers’ willingness to rotate. [image: image] is the coefficient for the indirect effect of farmers’ willingness to rotate on farmers’ rotation behavior, and [image: image] is the coefficient for the direct effect of land fragmentation on farmers’ rotation behavior after controlling the impact of farmers’ willingness to rotate. [image: image] are the intercepts, and [image: image] are random errors that exist in normal distribution. [image: image] represents each of the observations.
4 EMPIRICAL RESULTS AND DISCUSSION
4.1 Estimation results of OLS and probit model
This study focuses on the impact of land fragmentation on farmers’ rotation behavior through OLS and Probit mode based on the field survey conducted in Heilongjiang Province in 2018. Specifically, the degree of land fragmentation and farmers’ willingness to rotate are 0.187 and 0.463, respectively. The results, as presented in Table 3, show that the coefficient of the degree of Land fragmentation is positive and significant at the significance level of 1%, indicating that land fragmentation has a significant positive effect on farmers’ rotation behavior in Model 1. The higher the degree of land fragmentation, the more rotation behavior. Furthermore, the coefficient of farmers’ willingness to rotate is positive and significant at the significance level of 1%, indicating that farmers’ rotation intention will positively affect farmers’ rotation behavior. This means that the more farmers are willing to rotate, the more they will carry out actual rotation behavior. For the control variables, acreage has a significant impact on farmers’ rotation behavior at the significance level of 5%. However, farmers’ gender, age, party membership, and their education level have little impact on farmers’ rotation behavior. Whether farmers are village cadres is significant at the significance level of 10%, indicating that farmers having a certain mastery of arable land protection knowledge will promote their rotation behavior.
TABLE 3 | Estimation results of land fragmentation on farmers’ rotation behavior.
[image: Table 3]Combined with the results of Models 2 and 3, the degree of land fragmentation is significantly positively correlated with farmers’ rotation behavior at the significance level of 1%, with a marginal effect of 19.6%, indicating that the more serious the land fragmentation, the more farmers will carry out rotation behavior to improve the quality of cultivated land. Similarly, there is also a significant relationship between farmers’ willingness to rotate and farmers’ rotation behavior. Specifically, it has impact at the significance level of 1%, with a marginal effect of 39.7%. Through the estimation of the Probit model, it can be concluded that the more serious the land fragmentation and the higher the farmers’ willingness to protect arable land, the more farmers will protect cultivated land.
4.2 Mediating effect results
We analyzed each regression results according to the mediation effect estimation process modified (Wen and Ye, 2014).
First, we examine whether the total regression meets the first requirement of mediating effect in Model 4, that is, whether its coefficient is significant. It can be seen from the results that the degree of land fragmentation significantly affects whether farmers have rotation behavior or not. Specifically, the farmers with rotation are about 0.187 higher than those without rotation, and this difference has passed the significance test at the level of 1%. Second, we estimate whether the coefficients [image: image] and [image: image] are significant. The results show that [image: image] is significantly positive at the significance level of 1%, which means land fragmentation has a positive impact on farmers’ rotation behavior; [image: image] is significant at the significance level of 1%, which means that farmers’ willingness to rotate has a positive impact on farmers’ rotation behavior. The stronger the farmers’ willingness to rotate subjectively, the more they will practice rotation behavior. Furthermore, the product of [image: image] and [image: image] is positive and has the same sign as [image: image]. It shows that farmers’ willingness to rotate has some mediating effects on the impact of land fragmentation and whether farmers practice rotation or not; the degree of land fragmentation can promote farmers’ rotation behavior by strengthening farmers’ willingness to rotate. It can be calculated that the partial mediation is [image: image], and the total effect is 0.187. Therefore, the mediating effect is [image: image] of the total effect; the influence mechanism in Figure 1 is established.
[image: Figure 1]FIGURE 1 | The influence mechanism of Land fragmentation on Farmer’s rotation behavior.
4.3 Heterogeneity analysis
The empirical results above in Table 4 show that land fragmentation has a positive impact on farmers’ rotation behavior. However, in the process of agriculturalization, arable land becomes uneven in rural areas. Based on the descriptive statistics of the primary variable, it is concluded that the average land area of each household in the study area is 42 mu. In the next step, the farmers who have a cultivated land area greater than or equal to 42 mu are defined as large farmers, while those with a cultivated land area less than 42 mu are defined as small farmers. The discussion below is a heterogeneity analysis based on this.
TABLE 4 | Estimation results of mediating effect model of farmers’ willingness to rotate.
[image: Table 4]As shown in Table 5, small farmers’ willingness to rotate has a significant and positive guiding effect on farmers’ rotation behavior at the significance level of 1%, and the degree of land fragmentation has a significant and positive impact on farmers’ rotation behavior and farmers’ willingness to rotate at the significance level of 1% and 5%, respectively. This indicates that the higher the degree of land fragmentation, the smaller farmers are willing to implement rotation. Moreover, the mediating effect plays a vital impact in the heterogeneity analysis of small farmers. Specifically, the mediating effect is [image: image], and the total effect is 0.216. Therefore, the mediating effect is [image: image] of the total effect, which means they have crop rotation intention and would practice rotation behavior to ensure the quality of arable land, so that it will not affect the crop yield due to over tillage.
TABLE 5 | Heterogeneity analysis of small and large farmers.
[image: Table 5]The impact of large farmers’ willingness to rotate on farmers’ rotation behavior is significant at the significance level of 1%, which is positive, but the degree of land fragmentation has no significant impact on farmers’ willingness to rotate and farmers’ rotation behavior. Therefore, for large farmers, the degree of land fragmentation does not affect their willingness to conduct conservation tillage and arable land protection subjectively, that is, there is no mediating effect for large farmers. Furthermore, it can also be seen that the impact of rotation willingness of large farmers on rotation behavior is 0.144 higher than that of small farmers. This indicates that farmers with more land area may be more willing to implement rotation behavior on arable land, and they will be better at maintaining the quality of arable land to ensure greater yield. Land fragmentation index of large farmers and small farmers are 0.14 and 0.22, respectively. According to the “2016 Heilongjiang Province crop rotation subsidy pilot implementation plan” of the Heilongjiang Provincial Agricultural Committee, the policy encourages the rotation of centralized and continuous land and gives crop rotation subsidies, which explains that for large households they will rotate their crops no matter what.
5 CONCLUSION
The issue of arable land protection has always been the top priority for rural development in China. This study combines farmers’ willingness to rotate and farmers’ rotation behavior to estimate the possible influential pathway through which the degree of land fragmentation may affect farmers’ rotation behavior, thereby affecting farmers’ willingness to rotate. By using data from Heilongjiang Province in Northeast China, this study draws the following conclusions. First, the degree of land fragmentation is high. Specially, the average land fragmentation index of farmers with rotation intention is 0.668, which is 0.056 higher than the average of 0.612 of farmers without rotation intention. Second, the ratio of farmers’ willingness to rotate and their rotation behavior is high, but there is a disparity between willingness and behavior. Specifically, the degree of land fragmentation and farmers’ willingness to rotate are 0.187 and 0.463, respectively. Moreover, the estimation results of the mediation models show that the mediation effects of farmers’ willingness to rotate was small but significant. Specifically, the mediating effect is 39.86% of the total effect, which means that there is a partial mediation effect. In addition, the mediating heterogeneity effect between large and small farmers are different. For small farmers, the mediating effect is 34.39% of the total effect, but there is no mediating effect for large farmers.
Considering the heterogeneity between subgroups of mediating effects, agricultural practitioners and policy makers should adopt multi-aspect intervention policies to not only to promote through multiple channels, but also subsidies should be provided to encourage farmers to carry out crop rotation. First, the government and society must conduct vigorous information campaigns on the specific form, necessity, and implication of conservation tillage due to the gap crop rotation ratio and the willingness to rotate. Second, we should pay more attention to small farmers who make up the majority of this group. And the government should include small farmers into the scope of subsidy when formulating the crop rotation subsidy policy.
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