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Abstract

:

The purpose of this article is to examine the impact of rural population aging on farmers’ cleaner production behavior through the intervening effects of three aspects (learning capacity, factor substitution and behavior imitation). The data used in this article were collected from a questionnaire survey of 916 farmers in the main grain producing provinces of the North China Plain. First, confirmatory factor analysis was carried out, and then data were analyzed through structural equation modeling using the bootstrap methodology in AMOS 24. The findings indicate that rural population aging inhibits farmers’ cleaner production behavior through learning capacity. In contrast, rural population aging promotes farmers’ cleaner production behavior through factor substitution and behavior imitation. From the perspective of both challenges and opportunities, this article investigates the impact mechanism and comprehensive effect of rural population aging on farmers’ cleaner production behavior, so as to explore new ways to promote cleaner agricultural production under the background of an accelerated aging the of rural labor force and provide reference for the formulation of relevant policies.
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1. Introduction


For a long time, China has relied on an agricultural production mode for the high-intensity development of its resources as well as a high concentration of production factors, resulting in environmental pollution and low resource utilization efficiency, which restricts the sustainable development of agriculture and the rural economy [1]. At present, China has less than 8% of the world’s arable land, but its use of chemical fertilizer accounts for 35% of the global total, which is equivalent to the sum usage of the United States and India [2]. The pesticide utilization rate is only 35%, 10–20 percentage points lower than that in developed countries [2]. China’s agricultural water consumption accounts for more than 60% of national economic water consumption, and agricultural irrigation water efficiency is only 75% of developed countries [3]. On the whole, the marginal benefit of China’s agricultural inputs has decreased significantly, and the environmental capacity is approaching its limit [4]. The old agricultural development model has seriously affected the sustainable development of China’s agriculture [5].



Cleaner agricultural production can meet the needs of agricultural sustainable development by using clean energy and raw materials, improving the regulatory system and reducing all kinds of pollution in the process of agricultural product [6,7,8]. Cleaner production has different names in different development stages or different countries, such as “waste reduction”, “waste free process”, “pollution prevention”, etc. But its basic connotation is the same, that is to take pollution prevention strategies for products and product production processes to reduce the generation of pollutants [7]. Cleaner agricultural production is a practical agricultural technology and scientific production management mode, which can not only meet the needs of agricultural production, but also make rational use of resources and protect the environment. For example, by strictly controlling the total amount of agricultural water, reducing the use of chemical fertilizers and pesticides, and recycling livestock manure, crop straw, agricultural film and other agricultural wastes [4]. Its essence is to produce and use environment-friendly “green” agricultural inputs in the whole process of agricultural production, control agricultural pollution from the source, reduce the risk of agricultural production and service process to environment and human beings, realize the sustainable unity of social, economic and ecological benefits, and promote the sustainable development of agriculture.



Since the release of China’s cleaner production action plan (draft) in 1992, China has successively formulated and promulgated a series of rules and regulations on cleaner agricultural production. The Ministry of Agriculture and Rural Affairs of the People’s Republic of China issued the “Opinions on Promoting Agricultural Cleaner Production” in 2011. Over the years, “Document No.1 of the Central Government” also emphasized the promotion of cleaner agricultural production several times. However, government participation is not enough to solve the problem, because farmers are the decision-makers and executors of agricultural production. With the continuous advancement of urbanization and industrialization in China, a large number of rural labor force transferred to urban and non-agricultural sectors, the age structure of agricultural population has changed significantly, the burden of agricultural production has shifted from a young labor force to an aging labor force, and the aging trend of rural labor force in China is obvious.



Aging is a dynamic growth of the proportion of the elderly population in the total population due to a decrease in the number of young people and an increase in the number of elderly people. Generally speaking, when the elderly population over 60 years old accounts for 10% of the total population in a country or region, or the elderly population over 65 years old accounts for 7% of the total population, it means that the country or region is an aging society [9]. In 2000, the proportion of the rural population over 65 years old accounted for only 7.35% of the rural population in China. In 2016, the proportion rose to 12.53% [10]. According to the data for China’s Seventh National Census in 2021, the proportion of the elderly aged 60, 65 or higher in rural China is 23.81% and 17.72% respectively, 7.99 and 6.61 percentage points higher than in urban areas. Therefore, we need to pay attention to the aging of the rural population in China, and analyze its impact and mechanism on farmers’ cleaner agricultural production behavior.



The contribution of this article is that we pay attention to the remarkable feature of the accelerated aging of China’s rural labor force, analyze its impact on farmers’ cleaner production behavior and the corresponding mechanism, and answer the question of how to promote cleaner agricultural production under the background of labor aging, which is of great significance for realizing agricultural green development and ensuring food security.



This rest of this article is organized as follows. Section 2 conducts a literature review. Section 3 presents the theory and hypotheses. Section 4 describes data sources and methodology. Section 5 analyses the empirical results. Section 6 provides the main findings and policy recommendations.




2. Literature Review


2.1. Aging of Rural Population


After the Second World War, due to the continuous improvement of human living conditions, the global average life expectancy increased from 46.5 years in the early 1950s to 71.4 years in 2015 [11,12]. Over the same period, the global total fertility rate fell from 5.0 to 2.5 [13]. Under the “dual” effect of prolonging life expectancy and declining fertility rate, the proportion of people aged 65 and over in the world’s total population has increased from less than 5% to 8.5% [12,13]. Population aging has become a global social and economic development problem and presents an accelerated development trend with the passage of time [14]. According to the research results of the U.S. Census Bureau, by 2050, the proportion of the global population aged 65 and over will further rise to 16.7%, with a total scale of 1.566 billion, of which developing countries will have the largest and fastest growth, and their elderly population will quadruple on the basis of the beginning of the 21st century [13,15].The increasingly severe aging situation will have a far-reaching impact on economy, society, culture and politics in all aspects, and become a great challenge for global sustainable development.



The research on population aging originated from Britain, France, and other leading industrialized countries in Western Europe [16]. By the 1970s, with the increasingly prominent problem of population aging in newly industrialized and developing countries, the contents and methods of aging research were continuously expanded and deepened. On the whole, these studies mainly focus on demography, sociology, management, biology, medicine, etc., involving the impact of population aging on social and economic development [17,18,19], construction of social security systems for the elderly [20], development and utilization of human resources for the elderly [21], development and evolutionary trends of aging [22,23], and countermeasures for population aging [24].



Since the founding of new China, great changes have taken place in China’s rural population structure [25]. China’s rural labor force and corresponding agricultural production system have experienced four evolution stages: In the first stage, from the founding of new China to 1978, a unified planned production and universal planned rationing system were implemented, forming a household registration migration system that strictly restricted the flow of rural population to cities. Under the collective ownership of the people’s commune, it is almost impossible for farmers to control their own labor production factors. The rural labor force is confined to the land, resulting in serious loss of production efficiency and forming a “poverty trap”. In the second stage, from 1978 to 1984, the high-efficiency inputs of the rural labor force led to an ultra-high growth of agriculture. The household contract system replaced the inefficient production team management system, which fundamentally changed the incentive mechanism of agricultural production and greatly improved the marginal output of agriculture. At the same time, the restrictive policy of rural labor mobility began to loosen. In the third stage, from 1985 to 2000, the “double track” management of grain and the outflow of rural labor force started. The contract ordering system of grain production replaced the unified purchase and marketing system of grain, which made it possible for the rural surplus labor force to be separated from grain production. A “tide of migrant workers” began to appear, and the employment management system for the cross regional mobility of the rural labor force was implemented. The fourth stage, since 2001, has been marked by an implementation of the marketization of the purchase and sale of agricultural products which has accelerated the outflow of the rural labor force. The market-oriented reform of the grain circulation system has greatly reduced the direct restrictions on the flow of rural labor and accelerated its outflow. The outflow of the rural labor force is not only the process of reallocation of family labor resources, but also a new contractual arrangement among family members. More and more young adults choose to leave the countryside to engage in non-agricultural operations, resulting in the decline of the level of human capital invested in agricultural production and the aging of agricultural producers.




2.2. Impact of Aging on Agricultural Production


First, the impact of aging on the input of agricultural production factors. Some scholars have found that due to the limitation of their own physical energy, aging farmers tend to abandon their land, reduce labor input to agricultural production and reduce land use rate, resulting in insufficient agricultural labor and land input, which has a negative impact on agricultural output [26,27]. In addition, some scholars believe that although elderly farmers are not good at directly adopting modern agricultural technology and production modes due to their low level of education, conservative ideas and poor ability to accept new things, they will replace the labor force by purchasing “outsourcing” services of agricultural machinery and “capital” means of production such as chemical fertilizer, pesticide and thin film. Therefore, the view that the aging of the agricultural labor force has a significant negative impact on the investment of land factors is debatable [28,29].



Secondly, the impact of aging on agricultural production efficiency. In the short term, the aging of the agricultural labor force has no significant negative impact on agricultural production [30], but in the long term, it has a significant negative effect [31]. Rural mechanization and infrastructure investment can offset part of the negative impact [32] to a certain extent. The aging of the agricultural labor force has a significant negative impact on the comprehensive technical efficiency and pure technical efficiency of farmers. From different regions, the aging of the labor force reduces farmers’ technical efficiency of agricultural production in northern China, but the impact on farmers in southern China is not significant [33].



Thirdly, the impact of aging on farmers’ behavior decision-making. In terms of planting structure, due to the suitability of mechanical farming in plain areas, elderly farmers will increase the planting proportion of grain crops with a high degree of mechanization. In Hilly and mountainous areas, agricultural machinery is difficult to replace labor, and elderly farmers will increase the planting proportion of cash crops with high economic benefits [34]. Zhang R.J. found that the aging of the agricultural labor force has a significant positive impact on land transfer [35].



To sum up, does the aging of the rural population affect farmers’ cleaner production behavior? If so, what is the mechanism? Scholars have little research on this issue. The formation of the concept of cleaner agricultural production and the application of cleaner production technology largely depend on the level of human capital in the rural labor force. Knowledge, skills, health, and the physical strength of the rural labor force are the main content of human capital. Schultz believes that human capital plays an important role in the process of agricultural technology progress and traditional agricultural transformation [36]. However, according to the life cycle theory of human capital stock, with the increase of age, the stock of human capital increases, and then gradually decreases after reaching the peak [37]. This means that the aging of the rural population will inevitably lead to the weakening of agricultural human capital. Compared with the young and middle-aged labor force, the aging population has rich experience, but knowledge system is relatively old, and it is weak in cognitive ability and the ability to learn new technology, thus hindering the application of cleaner production technology in agricultural production [38]. However, some scholars believe that aging does not necessarily hinder the development of cleaner agricultural production, because some external conditions can effectively improve the human capital constraints of an aging labor force [39,40]. For example, the perfecting of an outsourcing service level, the improvement of rural public goods supply and collective decision-making can effectively reduce the adverse impact of aging on cleaner agricultural production. Population aging reduces the number of farmers and forces the upgrading of agricultural technology [41]. This means that the traditional mode of agricultural production which has been dependent on labor input may be broken due to the application and promotion of advanced science and technology. From this perspective, population aging provides a chance for the development of cleaner agricultural production, but there is little literature that has carried out in-depth analysis on it.



Based on the survey data of farmers in five provinces of the North China Plain, this paper uses a structural equation model and intermediary effect test method to study the impact of rural population aging on farmers’ cleaner production behavior, so as to explore new ways to promote China’s cleaner agricultural production under the background of agricultural population aging, and provide reference for the formulation of government policies.





3. Theory and Hypotheses


3.1. Human Capital Theory


In the 1960s, American economists Schultz and Becker founded the human capital theory. Human capital is an intangible asset, which includes knowledge, skills, health and so on [36,42]. The role of human capital is greater than that of material capital. Therefore, human capital, as the power source of the transformation of agricultural production from traditional to modern, determines the promotion of agricultural clean technology. Human capital follows the law of life cycle, and there is an inverted U-shaped relationship between age and human capital stock of the agricultural labor force [43,44]. The age effect of elderly farmers is obvious, the learning ability and innovation consciousness decrease with the increase of age, and the efficiency of the human capital mechanism is generally not high, which is an important obstacle to the promotion of agricultural clean technology [45]. Learning ability refers to the ability of a labor force to acquire, identify, transform and utilize knowledge [46,47]. Compared with young farmers, old farmers’ physical and mental functions are weakened, their ability to accept new things is poor, and their ability to obtain, identify, transform and utilize clean technologies is relatively low. This means that with the growth of age, the learning ability of the rural elderly labor force will decline, which will directly affect the willingness to adopt clean technology, and even hinder the promotion and application of clean technology for the sake of their own vested interests.



Based on the above analysis, this article puts forward Hypothesis 1 (H1):



Hypothesis 1 (H1).

Rural population aging has a negative impact on farmers’ cleaner production behavior through learning capacity.






3.2. Labor Supply Theory


According to the labor supply theory, workers, as “rational people”, determine their labor supply time according to the principle of utility maximization under existing budget constraints. When budget constraints change due to changes in economic parameters, workers constantly adjust their labor supply by maximizing utility [48]. Many links of cleaner production are continuous operations with high technical content. It is difficult for an elderly labor force to be competent by relying on their own ability. Acemoglu believes that when labor resources are relatively scarce, replacing labor with technology can save production costs [49]. When elderly farmers are constrained by labor supply, they will reconfigure production factors and replace labor input through capital investment and energy-saving technology [50]. Therefore, they often purchase some agricultural socialized services related to cleaner production, such as straw returning services, soil testing and formulated fertilization services, green technology for pest and disease control services, and subsoiling tillage services, from large professional households or cooperatives, so as to realize the purpose of capital investment as a replacement for labor input. Existing literature shows that agricultural socialized services have played an important role in promoting cleaner production, agricultural socialized service organizations use advanced clean technology and equipment to assist farmers in achieving cleaner production under the guidance of national policies [51,52]. In addition, the aging of the agricultural labor force leads to the gradual withdrawal of elderly farmers from agricultural production and the transfer of land management rights to cooperatives or enterprises. Large-scale operation is more conducive to the promotion of cleaner agricultural production technology [53]. Cleaner production needs new production factors such as advanced technology and scientific management to play a role, and gradually replace traditional factors. The deepening of factor substitution will undoubtedly help elderly farmers to participate in cleaner production.



Based on the above analysis, this article puts forward Hypothesis 2 (H2):



Hypothesis 2 (H2).

Rural population aging has a positive impact on farmers’ cleaner production behavior through factor substitution.






3.3. Social Network Effect


As an informal channel for the dissemination of new technologies, social networks play an important role in the promotion of clean technologies. Generally speaking, the impact of a social network effect on production behavior will be enhanced with the increasing age of a population. The reason is that elderly farmers have deeper social communication, higher dependence on social networks, and find it easier to imitate others’ cleaner production behaviors [54]. Firstly, the agricultural production mode has strong imitability. Within the village, people’s environmental conditions and factor constraints are almost the same, their working habits are similar, and the homogeneity of technical interaction is high. Elderly farmers find it easy to imitate the behavior of others in the village [55]. Secondly, elderly farmers have an insufficient understanding of new knowledge and new technology. Their access to technical services mostly depends on the communication between relatives, friends and neighbors, and farmers are willing to imitate the agricultural production mode of rural elites.



Based on the above analysis, this article puts forward Hypothesis 3 (H3):



Hypothesis 3 (H3).

Rural population aging has a positive impact on farmers’ cleaner production behavior through behavior imitation.





In addition to the above three indirect mechanisms, rural population aging also has a direct impact on farmers’ cleaner production behavior. According to the above hypotheses, this article constructs a theoretical analysis framework as in Figure 1.





4. Methodology and Data Sources


4.1. Data Sources


The data used in this article were collected from a questionnaire survey of farmers in the main grain producing provinces of the North China Plain from July to September in 2019. The survey provinces include Hebei, Henan, Shandong, Anhui and Jiangsu. They are the key areas to promote cleaner agricultural production technology in China, and have good representativeness and reference value for the study of farmers’ cleaner production behavior. The map shows the location of these provinces as in Figure 2. The North China Plain is an important grain production base in China, and also the plain with the largest population in China. The total area is 300,000 square kilometers, accounting for 3.1% of China’s total land area, and the total population is 339 million, accounting for 24.2% of China’s total population. The dominant crops in the North China Plain are wheat, rice and corn, which play an irreplaceable role in ensuring China’s food security.



This survey adopted the method of multi-stage stratified sampling and random sampling. Firstly, three counties were selected in each province, next, three sample towns were selected in each sample county, then, 2–3 villages were randomly selected in each town, and finally, 10 farmers were selected in each village for investigation. In order to ensure the quality of the survey, all the investigators received professional training in the early stage. The questionnaires were communicated and filled in by investigators. The surveyed families are mainly engaged in planting grain. Each family sent a representative to participate in the survey. This representative is usually the head of household or the person in the family who is mainly involved in agricultural production decision-making. The basic family information of sample farmers is shown in Table 1. A total of 981 questionnaires were distributed in this survey. After eliminating invalid questionnaires, questionnaires with key information missing, logical errors and missing variables, a total of 916 valid questionnaires were collected. Items related to subjective answers were measured by a Likert five-dimension scale.




4.2. Model


Learning capacity, factor substitution and behavior imitation are difficult to measure directly and accurately. Therefore, they are latent variables and can only be measured indirectly by some observable indicators. Traditional statistical methods need to assume that the independent variables are error free and cannot deal with latent variables effectively. Structural equation models can analyze the complex relationship between multiple dependent variables and independent variables on the basis of dealing with latent variables which are difficult to observe [56]. Therefore, this article will use a structural equation model to analyze the mechanism and effect of rural population aging on farmers’ cleaner production behavior.



Structural equation models generally include structural equations and measurement equations. A structural equation is used to define the relationship between potential independent variables (rural population aging, learning capacity, factor substitution, behavior imitation) and potential dependent variables (learning capacity, factor substitution, behavior imitation, farmers’ cleaner production behavior). Measurement equation is used to define the linear relationship between the above latent variables and the observed variables.



The structural equation is as follows:


  η =  B η  +  Γ ξ  + ζ  



(1)




where   η   is an endogenous latent variable, which indicates farmers’ cleaner production behavior, ξ is an exogenous latent variable, which indicates the degree of farmers’ aging, B is the coefficient matrix of endogenous latent variable, Γ is the coefficient matrix of exogenous latent variable and ζ is the residuals of the structural equation, which reflects the unexplained part of the equation.



The measurement equations are as follows:


  X =  Λ X  ξ + δ  



(2)






  Y =  Λ Y  η + ε  



(3)




where  X  represents the exogenous observed variable,  Y  represents the endogenous observed variable,    Λ X    is the correlation coefficient matrix of exogenous latent variables and their observed variables,    Λ Y    is the correlation coefficient matrix of endogenous latent variables and their observed variables, and   δ   and   ε   represent the residual terms of the two measurement equations respectively.




4.3. Variable Description


4.3.1. Farmers’ Cleaner Production Behavior


Cleaner production is a sustainable production mode matching with the carrying capacity of resources and environment [5]. Six kinds of cleaner production technologies are selected in the survey, including seed coating, water saving irrigation, soil testing and formulated fertilization, subsoiling tillage, green technology for pest and disease control, and straw returning. These technologies can cover the main links of agricultural production [8]. In the survey, investigators will provide the above six cleaner production technologies for respondents to choose from. There are two ways for farmers to use clean technology: one is done by the farmer, and the other is used through the purchase of agricultural socialized services. Either way, it represents that the farmer has used agricultural clean technology on the land. We use the following items to measure farmers’ cleaner production behavior [57,58,59]: “Do you use cleaner production technology?” (CPB1); “How many clean production technologies are used in your family?” (CPB2); “What is the percentage of cultivated land in your family that adopts cleaner production technology?” (CPB3); “Do you actively participate in the training of cleaner production technology?” (CPB4).




4.3.2. Rural Population Aging


Rural population aging should consider not only the number of rural elderly people, but also the age structure of the rural elderly population. Therefore, we use the following three items to measure rural population aging [40,60]: “What is the average age of the labor force engaged in agricultural production in your family?” (AGE1); “What’s the percentage of the population aged 60 or above in your family?” (AGE2); “What’s the age of the agricultural production decision maker in your family?” (AGE3).




4.3.3. Learning Capacity


Learning capacity refers to farmers’ ability to acquire, identify, understand, and apply cleaner production technologies. If farmers have a strong learning capacity, it will help to promote farmers’ continuous learning, and help them to fully understand and apply the obtained cleaner production technology, so as to improve production efficiency. We measure the learning capacity of the interviewees through the following four items [61,62,63]: “Do you often discover new technologies earlier than others around you?” (LC1); “Do you often quickly know the characteristics and functions of the new technology?” (LC2); “Do you have enough ability to understand the new technology?” (LC3); “Do you often learn to use new technology quickly?” (LC4).




4.3.4. Factor Substitution


The level of factor substitution measures the extent to which farmers’ labor input is replaced by mechanization, capital, outsourcing service, and modern field management [64]. The existing research mainly uses a single index to analyze the substitution of machinery for labor and chemical fertilizer application for labor [65]. There are many links in agricultural production, so it is difficult to quantify with a single index. This paper measures the degree of factor substitution of farmers by the following four items [8,57,58,59]: “Is your crop pest control mainly done by others?” (FS1); “Is your planting and transplanting mainly done by others?” (FS2); “Is your plowing and harvesting mainly done by others?” (FS3); “Would you rather buy outsourcing services than learn new technologies?” (FS4).




4.3.5. Behavior Imitation


Behavior imitation is a type of learning method of adopting new skills or improving skills by observing and imitating the behavior of other individuals or organizations [66]. The existing literature mainly discusses the influence of other individuals or organizations in the production decision-making process from the perspective of collective decision-making, peer effect, social network, and subjective norms [67,68,69,70,71,72]. This paper measures the degree of behavior imitation through the following four items: “Do you mainly follow others in agricultural production technology?” (BI1); “Do you mainly follow others in your choice of planting varieties?” (BI2); “Do you mainly follow others for your choice of planting structure?” (BI3); “Do you mainly follow others in choosing the brand of chemical fertilizer and pesticide?” (BI4).




4.3.6. Control Variables


We also selected five control variables: level of education, the number of family labor force, fragmentation degree of cultivated land, field road condition and the intensity of government’s promotion of cleaner agricultural production [48].






5. Results and Discussion


5.1. Reliability and Validity Test


Cronbach’s α coefficient and composite reliability (CR) are used to test the stability and internal consistency of latent variables. All values of Cronbach’s α (0.801, 0.824, 0.859, 0.889 and 0.901) and composite reliability values (0.822, 0.838, 0.852, 0.873 and 0.881) are greater than 0.7 (See Table 2), which indicates the questionnaire has high reliability. The average variance extraction (AVE) (0.607, 0.564, 0.592, 0.635 and 0.651) of all potential variables are greater than 0.5, which shows that potential variables can explain more than half of the measured variables. Estimated standardized path coefficients are greater than 0.6, so the measurement scale has good convergent validity.



In order to test the discriminant validity between latent variables, Pearson correlation coefficients are calculated. The square root of AVE is placed in the diagonal position of a correlation coefficient matrix for comparative analysis (See Table 3). The square root of every AVE is larger than any correlation coefficient of all other latent variables, which indicates the measurement scale has good discriminant validity.




5.2. Model Overall Fitness Test


The results of the model overall fitness test are    χ 2  / df   = 2.989, RMSEA = 0.052, GFI = 0.908, AGFI = 0.912, TLI = 0.903, CFI = 0.908. All the index values are in the recommended range, which shows that the overall fitness of the model is good.




5.3. Direct Effect Analysis


The direct effect of rural population aging on farmers’ cleaner production behavior is significantly negative (p < 0.01), and the path coefficient is −0.112 (see Table 4). This shows the decision-making of farmers in China is conservative with aging, which affects farmers’ acceptance of the concept of cleaner agricultural production. Therefore, as the direct decision-maker and implementer of agricultural production, rural population aging has a negative impact on cleaner agricultural production.



Rural population aging has a significant negative impact on learning capacity (p < 0.05), and the path coefficient is −0.086 (see Table 4). With the deepening of the aging degree, the physical strength of the agricultural labor force gradually decreases, and their learning motivation and ability to learn new knowledge and new technology will gradually decrease because of the decline of their human capital [38]. Accordingly, their ability to acquire, digest and apply new knowledge and new technology will further weaken.



Rural population aging has a significant positive impact on factor substitution (p < 0.01), and the path coefficient is 0.098 (see Table 4). The aging has changed the endowment of production factors of farmers. Farmers need to readjust the allocation of factors, give up the control of all or part of the production links, especially reduce the labor input in each link of production, and replace it with agricultural machinery services or other outsourcing services. This provides a chance for the entry of modern factors. Therefore, agricultural population aging contributes to the deepening of factor substitution to a certain extent.



Rural population aging has a significant positive impact on behavior imitation (p < 0.05), and the path coefficient is 0.079 (see Table 4). The higher the degree of aging, the more dependent farmers’ production behaviors are on the outside world [54]. For example, compared with the young labor force, the rural social network of the elderly labor force is closer and more vulnerable to the influence of other individuals or organizations in the network. They also lack the initiative to make production decisions and tend to follow the behaviors of surrounding people. Therefore, the aging of rural population makes it easier for farmers to listen to the suggestions of others or organizations in cleaner production decision-making.



Learning capacity has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.193 (see Table 4). Learning capacity reflects farmers’ ability to acquire, understand and apply cleaner production technology. Therefore, the higher the learning capacity, the less difficult it is for farmers to understand and internalize cleaner production technology, which is helpful for farmers to participate in cleaner production [61,63].



Factor substitution has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.231 (see Table 4). The level of factor substitution measures the extent to which farmers’ labor input is replaced by capital, outsourcing services, and modern management in the process of agricultural production [64]. The deepening of the degree of factor substitution is helpful to improve the degree of social division of cleaner agricultural production, which provides the possibility of further development for cleaner agricultural production [65].



Behavior imitation also has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.154 (see Table 4). The higher the degree of farmers’ behavior imitation, the more likely they are to adopt the views and suggestions of rural authorities or organizations, the stronger the binding force of social norms on them, and the more likely they are to participate in cleaner production [69,70].



Education level has a significant positive impact on farmers’ cleaner production behavior (p < 0.05), and the path coefficient is 0.078 (see Table 4). These results suggest that farmers with higher education tend to accept new things. They have a stronger ability to absorb cleaner production technology and imitate cleaner production behavior, so they are more likely to adopt cleaner agricultural production modes [48]. Labor number has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.181 (see Table 4). Although some cleaner agricultural production links have been replaced by mechanical operation, the number of agricultural labor force is still an important guarantee for field farming management to a certain extent, which has an important impact on the production mode of farmers. Farmland fragmentation has a significant negative impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is −0.112 (see Table 4). Farmland fragmentation has been an important factor restricting farmers to adopt cleaner production technology for a long time [52]. It not only causes higher costs of transportation, time, and manpower, but also makes it difficult to effectively play the scale effect of technology adoption, which is not conducive to farmers’ cleaner production. The field road condition has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.109 (see Table 4). Good field road conditions can significantly improve the possibility of popularization of mechanical cleaner production technology (such as subsoiling tillage) and create a good external environment for farmers’ cleaner production. Government promotion has a significant positive impact on farmers’ cleaner production behavior (p < 0.01), and the path coefficient is 0.139 (see Table 4). The government adopts a variety of publicity methods to form a social atmosphere for the extensive development of cleaner production and makes full use of television, newspapers, internet and other publicity media to carry out special reports on cleaner agricultural production, hold various knowledge lectures and introduce cleaner production demonstration results, which help farmers adopt cleaner production technologies [71].




5.4. Mediating Effect Test


Indirect effect means one variable influences another through at least one intermediary variable. There may also be significant indirect effects between rural population aging and clean production behavior. Bootstrapping takes the research sample as the sampling population, uses repeated sampling technology to repeatedly extract a certain number of samples from the research sample, and takes the average parameters obtained from each sampling as the final estimation result. If the 95% confidence interval of the regression coefficient product does not contain 0, the mediating effect is valid [72]. This method can overcome the error of confidence interval estimation caused by the non-normal distribution of a mediating effect to a large extent, and it is an ideal method to test mediating effects at present [73]. In addition, the bootstrapping method can also judge the significance of each intermediate transmission mechanism, which is an advantage that traditional test methods do not have.



The indirect effect of learning capacity (LC) is −0.196 (see Table 5), and bias-corrected bootstrapped 95% confidence interval [−0.367, −0.058] and percentile 95% confidence interval [−0.332, −0.017] do not contain 0. This result suggests that rural population aging has a significant negative effect on farmers’ cleaner production behavior through learning capacity, which verifies Hypothesis 1. In other words, the weakening learning capacity is one of the important factors hindering the adoption of cleaner production.



The indirect effects of factor substitution (FS) and behavior imitation (BI) are 0.252 and 0.116 respectively, which have passed the mediating effect test. The results show that rural population aging has a significant positive impact on farmers’ cleaner production behavior through factor substitution and behavior imitation, which verifies Hypothesis 2 and Hypothesis 3 respectively. This means that the deepening of factor substitution and the improvement of external dependence of production decision-making brought by the aging of the population promote the participation level of farmers in cleaner production and bring important opportunities for the development of cleaner agricultural production.



The total indirect effect is 0.172 and passes the significance test. The direct effect is −0.398 and passes the significance test (see Table 5). We find that although the total indirect effect is positive, the direct effect is negative and the influence is greater than the total indirect effect. Therefore, in general, rural population aging has a significant negative impact on farmers’ cleaner production behavior, and the total effect is −0.226. The results show that there are significant differences among the three intermediate transmission mechanisms. The positive effect of factor substitution is significantly higher than that of the other two, which means we should pay more attention to the opportunities brought by factor substitution and create a good platform and environment for further improving the degree of factor substitution.





6. Conclusions and Policy Implications


Based on survey data of 916 farmers in five major grain producing provinces of the North China Plain in 2019, this paper used structural equation model and bootstrapping methods to empirically test the mechanism and effect of rural population aging on farmers’ cleaner production behavior. The results are as follows: first, aging of the rural population reduces farmers’ learning capacity, but has a positive effect on factor substitution and behavior imitation. Furthermore, we find learning capacity, factor substitution and behavior imitation have positive effects on farmers’ cleaner production behavior. Second, the results of mediating effect test show rural population aging does affect farmers’ cleaner production behavior through three intermediate transmission mechanisms: learning capacity, factor substitution and behavior imitation, but there are significant differences in these effects. Population aging has played a positive role in promoting farmers’ participation in cleaner production through the mechanism of factor substitution and behavior imitation, which is more than the negative role through the mechanism of learning capacity, thus making the total indirect effect positive. Third, although the total indirect effect of population aging on farmers’ cleaner production behavior is positive, the total effect is negative. This is because the direct effect of rural population aging on cleaner production is negative, and greater than the positive effect of indirect effect. Last, education level, the number of agricultural labor force, field road conditions and government promotion intensity have positive effects on farmers’ cleaner production behavior, while farmland fragmentation has negative effects on it.



Based on the above conclusions, we find that the aging of the rural population has an adverse effect on cleaner production. Therefore, first of all, improve the degree of agricultural mechanization, research easy-to-learn and easy-to-use cleaner agricultural production technology to reduce the dependence of cleaner production on labor. Secondly, strengthen the construction and investment of agricultural socialized service system. Thirdly, we should give full play to the important role of social network in cleaner agricultural production and build a public social mutual aid platform for rural elderly groups.
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Figure 1. Theoretical analysis framework. 
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Figure 2. Location map of sample provinces in China. 
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Table 1. Basic Family Information of Sample Farmers.
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Variable

	
Categories

	
Percentage (%)






	
Gender

	
Male

	
71.7




	
Female

	
28.3




	
Age

	
≤50

	
24.6




	
51–60

	
30.1




	
61–70

	
34.5




	
≥71

	
10.8




	
Years of education

	
≤6

	
41.3




	
7–9

	
39.5




	
10–12

	
17.1




	
≥13

	
2.1




	
Number of family labor force

	
≤2

	
43.3




	
3–5

	
50.1




	
6–8

	
6.4




	
≥9

	
0.2




	
Cultivated land area (/ha)

	
≤0.33

	
29.7




	
0.34–0.67

	
35.5




	
0.68–1.33

	
19.3




	
≥1.34

	
15.5




	
Household income (/ten thousand yuan)

	
≤2

	
15.9




	
3–5

	
39.2




	
6–10

	
30.3




	
≥11

	
14.6
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Table 2. Reliability and Validity of the Scales.
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Scale

	
Items

	
   Cronbach ’ s    α    

	
Factor Loadings

	
CR

	
AVE






	
Rural population aging (AGE)

	
AGE1

	
0.801

	
0.709

	
0.822

	
0.607




	
AGE2

	
0.801




	
AGE3

	
0.823




	
Learning capacity (LC)

	
LC1

	
0.824

	
0.787

	
0.838

	
0.564




	
LC2

	
0.692




	
LC3

	
0.752




	
LC4

	
0.769




	
Factor substitution (FS)

	
FS1

	
0.859

	
0.829

	
0.852

	
0.592




	
FS2

	
0.634




	
FS3

	
0.814




	
FS4

	
0.784




	
Behavior imitation (BI)

	
BI1

	
0.889

	
0.692

	
0.873

	
0.635




	
BI2

	
0.709




	
BI3

	
0.858




	
BI4

	
0.907




	
Cleaner production behavior (CPB)

	
CPB1

	
0.901

	
0.709

	
0.881

	
0.651




	
CPB2

	
0.719




	
CPB3

	
0.918




	
CPB4

	
0.861
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Table 3. Pearson correlation and discriminant validity test results.
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	Latent Variable
	AGE
	AC
	FS
	BI
	CPB





	AGE
	0.779
	
	
	
	



	LC
	−0.089
	0.751
	
	
	



	FS
	0.116
	−0.401
	0.769
	
	



	BI
	0.078
	−0.498
	0.398
	0.797
	



	CPB
	−0.167
	−0.045
	0.029
	0.134
	0.807







Note: Square root of AVE is on the diagonal.
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Table 4. SEM estimation of the impact of aging labor force on green grain production behavior of farmers.
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	Path
	Unstandardized Estimate
	S.E.
	Z-Value
	Standardized Estimate





	AGE→LC
	−0.511 **
	0.151
	−3.384
	−0.086



	AGE→FS
	0.598 ***
	0.164
	3.646
	0.098



	AGE→BI
	0.401 **
	0.161
	2.491
	0.079



	AGE→CPB
	−0.398 ***
	0.101
	−3.941
	−0.112



	LC→CPB
	0.383 ***
	0.062
	6.177
	0.193



	FS→CPB
	0.421 ***
	0.065
	6.477
	0.231



	BI→CPB
	0.289 ***
	0.057
	5.070
	0.154



	EDU→CPB
	0.021 **
	0.009
	2.333
	0.078



	Labor number→CPB
	0.188 ***
	0.029
	6.483
	0.181



	Farmland fragmentation→CPB
	−0.081 ***
	0.019
	−4.263
	−0.112



	Road condition→CPB
	0.132 ***
	0.037
	3.568
	0.109



	Government→CPB
	0.051 ***
	0.010
	5.100
	0.139







Note: *** p < 0.01, ** p < 0.05.
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Table 5. Bootstrap Test Results for the Mediating Effect.
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Transmission Mechanism

	
Product of Coefficients

	
Bias-Corrected (95% CI)

	
Percentile (95% CI)




	
Lower

	
Upper

	
Lower

	
Upper






	
AGE→LC→CPB

	
−0.196

	
−0.367

	
−0.058

	
−0.332

	
−0.017




	
AGE→FS→CPB

	
0.252

	
0.078

	
0.491

	
0.065

	
0.487




	
AGE→BI→CPB

	
0.116

	
0.031

	
1.432

	
0.025

	
1.501




	
Total indirect effect

	
0.172

	
0.087

	
0.276

	
0.075

	
0.289




	
Direct effect

	
−0.398

	
−0.518

	
−0.178

	
−0.502

	
−0.111




	
Total effect

	
−0.226

	
−0.321

	
−0.101

	
−0.329

	
−0.099




	
LC vs. FS

	
0.447

	
0.141

	
0.953

	
0.067

	
0.801




	
FS vs. BI

	
−0.136

	
−0.241

	
−0.032

	
−0.265

	
−0.054




	
LC vs. BI

	
0.312

	
0.081

	
0.513

	
0.091

	
0.591








Note: The product of coefficients is the product of nonstandard estimation coefficients.
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