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Facing of increasingly serious resource and environmental constraints, the adoption of green technology has become the key to driving the green production transformation of farmers under the constraints of environmental regulation. Whether environmental regulation can improve the adoption of green technology in breeding industry still needs to be further tested. Based on the survey data of 544 pig farmers in Sichuan, Shandong, Henan and Hebei provinces, this paper first measures the adoption degree of green breeding technology by using the coefficient of variation method. Then, the econometric model is used to empirically test the relationship between environmental regulation and farmers’ adoption of green technology. The results show that: firstly, environmental regulation can improve the adoption of green technology by farmers; Economic incentive regulation and educational guidance regulation can significantly improve the adoption of green technology by farmers from the perspective of environmental regulation. Secondly, environmental regulation has different effects on the adoption of green technology of different attributes of farmers. Its effect on the adoption of resource utilization technology is higher than that of harmless treatment technology and higher than that of reduction technology. Different dimensions of environmental regulation have different effects on the adoption of green technology by farmers with different attributes. Thirdly, the impact of environmental regulation on the adoption of green technology by different scale farmers is different, and its impact on high-scale farmers is more obvious. At the same time, different dimensions of environmental regulation have different effects on the adoption of green technology by farmers of different sizes.
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INTRODUCTION
Over the past 40 years of reform and opening up, with the growth of demand and the promotion of policies, China’s animal husbandry industry has shown a rapid growth trend. By 2020, the output value of animal husbandry exceed 4 trillion yuan, accounting for 34% of the total agricultural output value2, with more than 100 million employees. It has become an important pillar industry for rural development. However, in the process of rapid development, the emission of livestock and poultry breeding waste is increasing day by day, and the amount of livestock and poultry feces produced every year is up to 3.8 billion tons. The comprehensive utilization rate of livestock and poultry manure is only 64%, and the problem of environmental pollution is becoming more and more serious (Yin, 2019). Extensive development has increased the pressure on carbon emission reduction. In 2016, China’s agricultural non energy CO2 emission equivalent was 780.22 million tons. Carbon emissions from livestock manure and intestinal fermentation account for 38.76% (Tian and Chen, 2021).
Taking into account the effective supply of livestock products and ecological and environmental protection, promoting the green transformation and upgrading of livestock and poultry breeding is an important way to reduce pollution and carbon in animal husbandry. Its core is the adoption of green breeding technology (Si et al., 2020). In view of this, the Chinese government has successively implemented a series of environmental regulation measures, such as the regulations on the prevention and control of pollution in large-scale livestock and poultry breeding issued in 2013, the technical guide for the delimitation of livestock and poultry breeding prohibited areas issued in 2016, and the environmental protection tax law officially implemented in January 2018. In addition, local governments at all levels have successively issued corresponding local regulations and environmental protection standards according to their own economic development and environmental protection requirements.
Many studies have shown that environmental regulation plays an important role as an external institutional element in the adoption of green technologies by farmers. Moser et al., 2008) empirically showed that media campaigns have an incentive effect on farmers’ adoption of biocontrol technologies. Mueller, 2013) found that government incentive-based regulations have a better effect than constraint-based regulations and that incentive-based regulations have the most significant effect on farmers’ adoption behavior of manure resource utilization technologies. Haghjou et al., 2014) found that government subsidies imposed a positive impact and incentive effect on farmers’ green technology adoption behavior. Abate et al., 2016) concluded that the level of support from government rural financial institutions was positively associated with the adoption of green technologies and the degree of adoption by farmers. Hou et al., 2019) found that mandatory burning bans had no significant ef fect on the use of straw-returning technologies, while the establishment of demonstration projects had a significant contribution to the adoption of straw-returning technologies. A study by Kolady et al., 2021) on the behavior of green fertilization technology use found that environmental regulation has a significant positive effect on farmers’ green technology adoption behavior through three paths: guidance, incentive and constraint. It has also been pointed out that the use of various types of policies in combination has a better effect on farmers’ green production technology adoption behavior (Jacquet et al., 2011; Zheng et al., 2014). However, the research on the impact of environmental regulation on farmers’ green technology choices mainly focuses on the research on farmers’ green production technology adoption behavior, lacks research on the capital- and labor-intensive livestock and poultry industries, and on the correlation between multiple technology adoption decisions Relationships are less discussed.
Farmers’ green technology adoption is a careful trade-off between risk minimization and profit maximization, and generally consider technology attributes that match their own endowments and have lower technology risks, and then combine with policy environment and capital endowment factors to show a certain technology adoption bias (Barnes et al., 2019). Green technology is a technology package composed of several technologies, and the technologies can be divided into different categories according to their technical attributes, for example, they can be divided into capital-increasing and risk-increasing technologies according to their technical functions, and capital-intensive and labor-intensive technologies according to their factor intensity (Man et al., 2010). However, due to the limitations of China’s incomplete factor market and the differentiation of farmers’ subjects, the initial endowments and risk preferences of farmers of different scales differ, resulting in large differences in the demand for different attribute technologies and different technology adoption biases among farming subjects. Although some studies have noted the strong heterogeneity of farmers’ adoption of different attribute technologies and studied them by technology attributes (Kolady et al., 2021), they only considered a prominent attribute of the technology and ignored the multidimensional attribute characteristics of the technology; for example, Xu et al., 2018) only explored the intertemporal selection attribute of direct straw return technology. The different degrees of constraints, incentives and publicity of environmental regulation policies on different attribute technologies lead to different biases of environmental regulation on farmers’ choice of different attribute green technologies. Then, can a series of environmental regulation policies implemented by the government promote the adoption of green technology by farmers? Do different attribute technologies show different adoption effects? Is there a significant difference in the behavioral response of farmers with endowment heterogeneity? The empirical test of these problems can provide a basis for formulating the green transformation policy of animal husbandry.
This paper uses the survey data of 544 pig farmers in Sichuan, Shandong, Henan and Hebei provinces to empirically study the impact of environmental regulation on the adoption of breeding technology using two-stage least squares (2SLS) and Multivariate Probit models. The structure of the article is arranged as follows, the second part is theoretical analysis and research hypothesis, the third part is data source, variable setting and model construction, the fourth part is empirical test and result analysis, the fifth part is heterogeneity analysis, the sixth part is are the main conclusions and policy recommendations.
THEORETICAL ANALYSIS AND RESEARCH HYPOTHESIS
The Impact of Environmental Regulation on the Adoption of Green Technology by Farmers
Environmental regulation belongs to the category of social regulation, and as administrative regulations to restrain the negative externality behavior of micro subjects, it can be divided into command-and-coercion type regulation with reverse supervision and economic incentive type and educational guidance type regulation with proactive promotion (Huang et al., 2016). At present, the implementation of environmental regulation is in a state of economic incentive regulation, supplemented by command-and-force regulation of punishment and supervision, and education-guided regulation running through it. Environmental regulation mainly affects the adoption of green technology in breeding industry through two mechanisms. The first is the compensation effect of innovation. Porter hypothesis points out that appropriate environmental regulation can force the economic subject to green technology innovation and produce compensation effect. Furthermore, environmental regulation can partially or completely make up for or even exceed the internalized environmental governance cost (Ge et al., 2021) The second is the cost offset effect. Environmental regulation will increase the access threshold of livestock and poultry breeding for farmers. The breeding that fails to meet the standard in the breeding link will not only reduce the production capacity, but also withdraw from production, resulting in serious economic losses (Sun et al., 2021a). The adoption of green technology by farmers requires a large amount of capital investment, which not only squeezes the capital investment in other links of farmers and weakens the competitiveness of farmers in market competition, but also reduces the capital turnover rate of farmers and occupies the supplementary column resources (Han Li et al, 2021; Han et al, 2021b), resulting in the squeeze of profit space. Third, the information rationing effect. The adoption of green technology by farmers is a dynamic process, and information, as an intangible element attached to the technology itself, also influences farmers’ production decision making behavior (Wei and Xu, 2017). Education-led regulation, including government demonstration, policy advocacy guidance and technical training, plays an important role in information rationing. On the one hand, it can alleviate the constraints of farmers’ access to green technology information, break the information barriers, realize the accumulation of technical knowledge and experience (Sun et al., 2021b), and promote their green technology choice; on the other hand, it can reduce information inconsistency, reduce the information search and transaction costs in the green technology choice process, and thus enhance the initiative of farmers’ green technology choice (Fen et al., 2019). In addition, the information sharing and“lock-in effect” of the guiding regulation can provide safety guarantee for green and high-quality livestock products, and can force farmers to choose green technology. Therefore, the impact of environmental regulation on the adoption of green technology by farmers is the result of the combination of two effects. This depends on the comparison of the compensation effect and offset effect brought by environmental regulation to farmers. If the former is greater than the latter, environmental regulation will promote the adoption of green technology by farmers. Based on this, the following hypotheses are proposed:
H1: Environmental regulation has a significant impact on the adoption of green technology by farmers.
The Impact of Mandatory Regulation on the Adoption of Green Technology by Farmers
When mandatory regulation regulates the production behavior of farmers through environmental protection measures such as supervision and punishment and pollution discharge standards, it needs to bear not only the corresponding factor input cost, but also the internalized environmental cost (pollution discharge and pollution control cost), which will undoubtedly increase the Cost Stickiness of farmers. The increase of Cost Stickiness will accelerate the optimal allocation of factor resources of farmers and force them to adopt green technology to absorb non- productive costs (Yu et al., 2019). At the same time, the spillover effect of green technology is conducive to slowing down or offsetting the decline in total income caused by regulation costs. Therefore, this paper puts forward the following hypotheses:
H2: Mandatory regulation can promote the adoption of green technology by farmers.
Impact of Incentive Environmental Regulation on the Adoption of Green Technology by Farmers
The incentive environmental regulation composed of financial subsidies, insurance linkage, facility subsidies and loan interest discount can not only alleviate the cost pressure and “production reduction” risk of green technology adoption by farmers, but also provide necessary conditions for technology adoption; It can also enhance the risk prevention and control ability of farmers, improve the risk awareness level of the main body, reduce the uncertainty of expected income, and provide risk guarantee for technology adoption; It can also alleviate the financing constraints of green breeding, virtually introduce green technology into the livestock and poultry breeding process, and drive farmers without technology to adopt green breeding technology (Li, 2019). Therefore, this paper puts forward the following hypotheses:
H3: Economic incentive regulation can promote the adoption of green technology by farmers.
The Impact of Educational Guidance Regulation on the Adoption of Green Technology by Farmers
The educational guidance regulation of government demonstration, policy publicity and guidance and technical training plays an important role in information rationing. It can alleviate the constraints of farmers’ access to green technology information, break the information barrier, realize the accumulation of technical knowledge and experience, and promote the adoption of green technology; It can also reduce information inaccuracy, reduce the information search and transaction cost in the process of green technology adoption, and then improve the initiative of farmers in green technology adoption. In addition, the information sharing and “lock-in effect” of guiding regulation provide safety guarantee for green and high-quality livestock products, which can force farmers to adopt green technology. Therefore, this paper puts forward the following hypotheses:
H4: Educational guidance regulation can promote the adoption of green technology by farmers.
DATA SOURCE, VARIABLE SETTING AND MODEL CONSTRUCTION
Data Source
The data used in this paper comes from the research group of “green transformation and production recovery of animal husbandry under the complex scenario of environmental regulation and epidemic impact”. From October to December 2019, the research group conducted a survey on Sichuan Province (Anyue County and Renshou County), Henan Province (Tanghe County, Xinxiang City) Field investigation on pig breeding in 4 provinces and 8 counties of Hebei Province (Luannan County and Funing County) and Shandong Province (Zhucheng city and Laixi county). The selection of these four provinces is mainly based on the following considerations: first, the four provinces are the national pig breeding intensive areas, with superior geographical location, strong environmental carrying capacity and large-scale breeding volume. The pig industry has become the pillar industry of the agricultural and rural economy of the four provinces. Second, the four provinces are located in the western, central and eastern regions of China, with relatively different levels of economic development and obvious ladder characteristics, which can better describe the production and operation of farmers at different levels in the main pig breeding areas in China (see Table 1) Third, the four provinces belong to different pig production areas, Shandong Province and Hebei Province belong to the main pig production areas, Sichuan Province and Henan Province are both the main pig production areas and the main pig sales areas, and the four provinces belong to the main distribution areas of leading pig enterprises such as Wen’s group and new hope group. Therefore, the four provinces are selected as the research area, and the research conclusions are more typical and representative.
TABLE 1 | Pig slaughter and per capita disposable income of farmers in the study area in 2018.
[image: Table 1]The survey follows the principle of combining multi-stage stratified sampling and random sampling. The specific sampling process is as follows: for the selected four provinces, combined with the geographical environment and regional economic development level, first randomly select two counties (county-level districts and cities) in each province. Secondly, according to the research purpose and the introduction of the heads of relevant departments of the animal husbandry bureau, three townships were randomly selected from each county (county-level district and city). Finally, 10–15 farmers were randomly selected in each township for face-to-face in-depth interviews to obtain first-hand information. In order to ensure the validity of the questionnaire, the research group selected Xianyang City, Shaanxi Province to carry out a small-scale pre survey before the formal survey. On this basis, the questionnaire is modified and improved. The respondents were family members who directly played a decision-making role in pig breeding, so as to ensure the accuracy and response rate of the questionnaire. The survey mainly includes the basic characteristics of farmers, family management characteristics, green production cognition, green technology participation, production transformation, environmental regulation, government promotion, production recovery and social capital. A total of 600 questionnaires were distributed in this survey. After excluding the questionnaires such as illogical and abnormal values, 544 valid questionnaires highly related to this study were obtained, and the effective rate of the questionnaire was 90.67%. Among them, there are 162 households in Sichuan Province, 122 households in Henan Province, 146 households in Hebei Province and 114 households in Shandong Province. Questionnaire Cronbach ' α) The reliability test value is 0.786, indicating that the overall validity of the questionnaire is good. The main research was conducted in 24 townships involving 48 administrative villages in 8 counties and cities, and the county distribution of specific samples is shown in Table 2.
TABLE 2 | Distribution of survey sample.
[image: Table 2]Variable Setting and Descriptive Statistics
Explained variable
degree of adoption of green technology by farmers. Due to the different costs and benefits of different types of technologies, the adoption of green technology by farmers is more complex. In this paper, the weighted average of the three technologies is used to measure the degree of adoption of green technology by farmers, that is, whether farmers adopt green breeding technology or not is a binary variable. If adopted, the value is 1, otherwise, the value is 0. However, considering the different promotion and applicability of farmers’ green production technology in different provinces, equal weight estimation will lead to inaccurate calculation results. Therefore, based on the practice of Xiao et al., 2020), this paper uses the coefficient of variation method to determine the weight coefficients of three green breeding technologies on the basis of measuring the benefits of green production technology from the three-dimensional aspects of technical and economic benefits, environmental benefits and livestock product quality and safety.
Coefficient of variation is a statistic to measure the degree of variation of the observed values of each index, which belongs to the objective weighting method of index weight. Different from chromatographic analysis method and entropy method, coefficient of variation method directly uses the information contained in each index data. After dimensionless processing, the coefficient of variation method reflects the degree of variation by calculating the ratio of standard error to average value of index data, and weights it. In this method, the greater the degree of variation between indicators, the greater the weight. On the contrary, the smaller the assignment (Chen et al., 2021). First, calculate the variation coefficient of each dimension under each green breeding sub technology, and the expression is:
[image: image]
In Equation 1 [image: image] is the standard deviation of the index [image: image]; [image: image] is the average value of the index [image: image].
Secondl, the coefficient of variation obtained by formula (1) is normalized. Then, this study selects the proportion of index variation coefficient in the sum of all index variation coefficients to obtain the secondary index weight of each dimension of green breeding technology, and the expression is:
[image: image]
In Equation 2, [image: image] is the variation coefficient of each dimension after normalizing the data.
Finally, the weight coefficients of the three green breeding sub technologies can be obtained by summing up the secondary index weights of the three dimensions of each green breeding sub technology respectively. The specific calculation results are as follows.
In order to effectively describe the technical attributes of green breeding technology, according to the subjective evaluation data of pig farmers, this paper uses Likert five level scale to measure the technical and economic benefit attributes, environmental protection attributes and product quality and safety attributes of the three technologies. The results of farmers’ adoption of green technology calculated by coefficient of variation method are shown in Table 3.
TABLE 3 | Index system and weight of green technology adoption degree of pig farmers.
[image: Table 3]Core explanatory variables
environmental regulation and its dimensions. Environmental regulation has multi-dimensional attributes, and its connotation is relatively rich. The academic research on environmental regulation mainly focuses on the related fields of industry and enterprises. However, there is a relative lack of research in the field of agriculture, especially in the field of animal husbandry. At present, there is no unified standard for the measurement of environmental regulation. The existing research basically selects the corresponding indicators according to the needs. This paper draws on the comprehensive index method and classified investigation method of environmental regulation proposed by Zhang, 2016) and Mei et al., 2018). This study constructs a comprehensive system of environmental regulation, including command and compulsion, economic incentive and educational guidance, to measure the intensity of environmental regulation. See Table 4 for specific indicator setting and dimension division. According to the requirements of the comprehensive index method, the regulation intensity of various policies or systems is measured or objective valued through the psychological response of farmers. The subjective values are assigned 1 ∼ 5 respectively, where 1 means no influence at all and 5 means great influence. In this paper, the dimensionality of 15 specific indicators is reduced by factor analysis. The results show that the KMO statistic is 0.80 and the p value of Bartlett spherical test is 0.00. This shows that the sample data is suitable for factor analysis. Three common factors are extracted according to the principle that the characteristic root is greater than 1, and the common factors are named command mandatory regulation, economic incentive regulation and education guidance regulation respectively. The cumulative variance contribution rate is 78.21%. Then, the value of the obtained factor variables is standardized factor score. According to the factor score and its variance contribution rate, the weighted average method is used to calculate the environmental regulation intensity index. The Cronbach coefficient of the selected index is 0.82, indicating that the extraction of common factor is well representative.
TABLE 4 | Measurement indicators of environmental regulation intensity.
[image: Table 4]Instrumental variables
In empirical research, there may be endogenous problems caused by measurement errors and missing variables. In order to eliminate the estimation error caused by endogeneity, the average environmental regulation intensity of other respondents except the respondent but with the same income level as the respondent is selected as the environmental regulation tool variable of the respondent. Mainly based on the following considerations: within the same village, the environmental regulation intensity of an individual farmer is highly related to the environmental level of other farmers with the same income level in the village; At the same time, the environmental regulation intensity of other farmers is not directly related to the green technology adoption decision of the individual farmers, so it is strictly exogenous. Similarly, this paper selects “the average value of mandatory environmental regulation of other respondents in the same village with the same income level as the respondents except the respondents”, “the economic incentive mean value of other respondents in the same village except the protected but with the same income level as the respondents” and “the educational guidance mean value of other respondents in the same village except the protected but with the same income level as the respondents” are used as the instrumental variables of the three regulations of farmers respectively.
Control variables
In this study, 14 variables that have an important impact on the adoption of green breeding technology by farmers are selected as control variables in three categories: respondents’ individual characteristics, family characteristics and external environment.
Among them, the individual characteristics of the respondents include:①Age of the household head. The older the household head, the more likely he or she is to be influenced by traditional habits and experiences, the more inclined he or she is to follow traditional farming patterns, and the less likely he or she is to adopt green farming techniques. ②Years of education. The higher the education level of the household head, the stronger the learning and understanding ability, the more comprehensive the understanding of green production, so the more inclined to adopt green farming technology, and improve its adoption level. ③Health status of the household head. The health status of the household head reflects the quality of the household labor force, and under the current situation of low mechanization level in pig farming, farmers with better hyperthyroidism are more likely to choose to adopt green farming technology (Zhang et al., 2015). ④Degree of risk preference. According to prospect theory, individual decision-making behavior is determined by a combination of factors such as the degree of risk preference and subjective judgment of objective probability (Qiu et al., 2020). In order to avoid production risks and market risks, farmers with a high degree of risk aversion are more inclined to adopt green farming techniques to improve farming efficiency. ⑤Green production perception. Green production perception is the evaluation and perception of green production costs and benefits formed by farmers under the combined effect of their own endowment characteristics and the external policy environment. Farmers’ green farming technology selection behavior is also a technology-integrated investment behavior, and clear value perceptions play an important role in farmers’ green technology selection behavior in the face of large technical risks and unknown factors before they personally practice the behavior.
Individual household characteristics of the respondents included. ①The percentage of farming income. The proportion of farming income reflects the dependence of farmers on pig farming and the degree of specialization, the more dependent the households are on farming income, the more likely they are to adopt green farming technologies with higher benefits. ②The ratio of farming labor. The more the farming labor force, the more the farmers rely on pig farming, but at the same time, since the household labor force has a substitution relationship with technology adoption, the influence of the farming labor force ratio on the adoption of green technology by farmers is uncertain. ③Years of farming. The longer the years of pig farming, the richer the experience0, the more susceptible to traditional thinking and the more accustomed to follow the previous farming model, the less likely the farmers will adopt green farming technology. ④The scale of farming. The larger the scale of the farmer, driven by the scale effect, the more motivated to switch farming mode and more inclined to choose to adopt green farming technology.
External environmental variables include: ①Contract farming participation. Contract farming participation farmers can get timely material support and tool support from contract organizations, and get effective information and technical guidance on green farming technology, so the adoption of green farming technology is higher. ②Group norms. Farming subjects as a member of a specific living environment, members of the surrounding environment have a supervisory and restraining role in their production decision-making behavior, which can lead to the adoption of green pro-environmental behavior of farmers (Xu et al., 2021). ③Social network. In a cognitively limited context, the peer effect of social networks can improve farmers’ ability to obtain information and funds, gain emotional support, and reduce search costs, which are socially critical factors influencing individual decisions. ④Distance from village to livestock station. The more distant villages are generally relatively poor in socioeconomic and informational conditions, and it is difficult to obtain farming-related information. ⑤Neighborhood emulation. Farmers’ new technology adoption behavior decision has a “follow strategy” (Mao et al., 2018), that is, they observe the adoption effect of others before deciding whether they choose to adopt it, and the more opportunities they have to exchange green farming technology with surrounding farmers, the greater the probability of adopting green farming technology.
In addition, the natural resource environment, infrastructure conditions, relevant agricultural policies and market environment in each region will affect the adoption behavior of green breeding technology by farmers, and provincial dummy variables are introduced to control the regional fixed effect. See Table 5 for specific variables and descriptive statistics.
TABLE 5 | Assignment and descriptive statistics of main variables.
[image: Table 5]Model Construction
Two Stage Least Square Method (2SLS)
The degree of adoption of green breeding technology by farmers is a continuous variable calculated by the coefficient of variation method, and the following model is constructed:
[image: image]
In formula (3), [image: image] is the degree of green technology adoption by farmers, [image: image] is the intensity of environmental regulation and its sub-dimensions, [image: image] is the control variable including the characteristics of the household head and family management characteristics, etc.; [image: image] is the constant term, [image: image] is the coefficient of the core explanatory variable, [image: image] is the influence coefficient of the control variable; [image: image] is the random error term. Considering the endogeneity problems caused by environmental regulation measurement errors, the estimation results obtained by directly performing OLS estimation on Equation 3 are unreliable. In order to obtain a more reliable estimation result, the two-stage least square method (2SLS) of instrumental variables is used to estimate Equation 3.
Multivariate Probit Model
Green technology adoption behaviors are not independent, and the three technologies may have complementary or alternative relationships. If a single model is used for step-by-step analysis, it will lead to estimation bias and invalid estimation. The Multivariate Probit (MVP) model allows correlation between multiple decision models, which not only reflects the impact of environmental regulations and their sub-dimensions on the adoption of green technologies by farmers, but also can use the error term correlation coefficient of the regression results of each decision to judge each Substitution or complementarity between technical decision-making behaviors. In order to control the endogenous problems caused by joint decision-making, a ternary probit model is constructed to estimate the farmers’ adoption decisions and related relationships of factor reduction technology ([image: image]), waste harmless treatment technology ([image: image]) and fecal sewage resource utilization technology ([image: image]). The specific model settings are as follows:
[image: image]
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In Equations 4, 5, [image: image] is the binary discrete variable of whether farmers adopt a certain green farming technology; [image: image] is the latent variable that farmers adopt the third technology; [image: image] is the influence including the intensity of environmental regulation and its sub-dimensions Individual characteristics, family characteristics and external environment characteristic variables of farmers’ green technology adoption decision; [image: image] is the estimated coefficient of each variable; if [image: image], it means the farmers adopt the corresponding green farming technology; [image: image] is a random error term, it subjects to a multivariate normal distribution ([image: image]).
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In Equation 6, [image: image] is the connection between the adoption of multiple green breeding technologies by farmers on the non main diagonal. If [image: image], there is a substitution relationship between various technology adoption decisions; On the contrary, there is substitution relationship. If the random error term in each equation is independent and identically distributed and obeys the normal distribution, it shows that the adoption of one green technology by farmers will not affect the adoption of another technology.
Therefore, when farmers are faced with factor input reduction technology, waste harmless treatment technology and fecal sewage resource utilization, depending on one of the three green breeding technologies, the adoption probability can be expressed as [image: image]:
[image: image]
When farmers are faced with the adoption of two of the three green breeding technologies, the adoption probability can be expressed as [image: image]: 
[image: image]
When farmers are faced with the adoption of three of the green breeding technologies, the adoption probability can be expressed as:
[image: image]
[image: image] represent the standard normal cumulative distribution functions of one, two and three variables respectively, where represents the correlation coefficient between them.
EMPIRICAL TEST AND RESULT ANALYSIS
Influence of Environmental Regulation Intensity on Farmers’ Adoption of Green Technology
In order to avoid multicollinearity, stepwise regression is adopted to investigate the impact of environmental regulation intensity on the adoption of green technology by farmers. The regression results of the model are shown in Table 6, model 1) ∼ model (3). According to the results of model 1) and model (2), the R2 and F values adjusted by the model gradually increase with the addition of control variables, indicating that the fitting degree and interpretation strength of the model are gradually improving, and the overall simulation effect is good. The OLS estimation results show that the environmental regulation intensity is significantly positive to the adoption of green technology by farmers at the level of 1%, and the adoption of green technology by farmers increases by 34.50% for each unit of environmental regulation intensity. The 2SLS estimation results considering the reverse causal relationship between the intensity of environmental regulation and the adoption of green technology by farmers show that the intensity of environmental regulation has a positive impact on the adoption of green technology by farmers at a significant level of 1%, that is, after the endogenous is eliminated by the instrumental variable method, the conclusion that environmental regulation significantly improves the adoption of green technology by farmers is still valid, and the adoption of green technology by farmers will increase by 27.04% every time the intensity of environmental regulation increases by 1 unit. This is consistent with the indispensable theory of policy environment under the positive externality of green production. The goal of “ensuring supply, safety and ecology” of environmental regulation induces farmers to change to green production mode to comply with the goal of regulation. Hypothesis H1 was tested.
TABLE 6 | Impact of environmental regulation intensity on green technology adoption by farmers.
[image: Table 6]In terms of control variables, the years of education of the household head had a significant contribution to the degree of green technology choice of the farming households. health status of the household head has a significant positive effect on the degree of green technology choice of the farmers. a significant boosting effect of the percentage of farming income on the degree of green technology selection by farmers a significant contribution of the percentage of farming labor to the degree of green technology choice of farmers social network has a significant positive effect on the degree of green technology choice of farmers; distance to livestock station has a significant negative effect on the degree of green technology choice of farmers. Neighborhood emulation has a significant positive effect on the degree of green technology choice of farmers. In addition, the province dummy variable was partially significant, indicating that there were significant regional differences in the degree of farmers’ green technology choice, probably because the effect of farmers’ green technology choice had different performance in different regions.
Influence of Environmental Regulation Dimension on Farmers’ Adoption of Green Technology
The regression results of the impact of environmental regulation on the adoption of green technology by farmers are shown in Table 6, model 4) ∼ model (6). OLS regression results show that mandatory regulation, economic incentive regulation and educational guidance regulation have a significant positive impact on the adoption of green technology by farmers at the statistical level of more than 5%. However, the OLS model does not consider the endogenous problems caused by the reverse causal relationship between the sub dimension of environmental regulation and the degree of green technology adoption of farmers, missing variables or variable measurement deviation. Model 6) is the regression result of instrumental variables. From the regression result of one stage, it can be seen that the village average command mandatory regulation, village average economic incentive regulation and village average education guidance regulation are all significant at more than 10%, indicating that the sub dimension of village average environmental regulation, as the instrumental variable of the sub dimension of environmental regulation, does not have the problem of weak instrumental variables. At the same time, the value of F in the first stage is 32.19, which is greater than the critical value of 16.38 at the 10% level recommended by Andrews and Stock, 2007), indicating that the instrumental variable is reasonable. In addition, from the analysis of exogenous Wald test and DWH test of environmental regulation, it is concluded that environmental regulation has endogeneity in the degree of green technology adoption of farmers, indicating that this endogeneity is the main reason for the bias of OLS estimation results and the change of influence coefficient. Therefore, the regression results are subject to 2SLS regression results.
Table 6 model 6) 2SLS estimation results show that mandatory regulation has a positive impact on the adoption of green technology by farmers at a significant level of 1%. That is to say, after using instrumental variable method to eliminate endogeneity, the conclusion that mandatory regulation significantly improves the technology adoption of farmers is still valid. Moreover, the adoption of green technology by farmers will increase by 3.68% every time the intensity of environmental regulation increases by 1 unit. This is consistent with the research conclusions of Qian and Wang, 2018). Government binding regulation will increase the production cost and punishment risk of farmers. In order to avoid risks, the adoption of green technology by farmers has been improved. Economic incentive regulation has a significant positive impact on the adoption of green technology by farmers at the 1% statistical level. And for every unit of economic incentive regulation, the adoption of green technology by farmers will increase by 6.90%. Incentive regulation includes compensation for green farming, loan support and tax relief. The main reason why farmers are unwilling to adopt green breeding technology is that the environmental improvement they have adopted is shared by others free of charge, and they have not received any compensation. Economic incentive regulation alleviates the cost of green technology adoption by farmers and increases the income of technology adoption through various forms of subsidies and cost reduction. Incentive regulation internalizes the cost of environmental governance to improve the lack of market mechanism and improve the efficiency of resource allocation. Education guided regulation has a significant positive impact on the adoption of green technology by farmers at the statistical level of 5%. And for every unit of education guided regulation, the adoption of green technology by farmers will increase by 7.51%. Educational guidance regulation aims to guide people to form correct ecological and economic values and strengthen people’s awareness of green production through publicity, training and guidance. By improving people’s awareness and understanding of green production, we can promote the adoption of green technology by farmers. The research hypotheses H2, H3 and H4 were verified.
In terms of control variables, in general agreement with the estimated results of the effect of environmental regulation intensity on the degree of green technology choice of farmers, variables such as years of education of the household head, health status of the household head, perception of green production, share of farming income, share of farming labor, social network and neighborhood emulation had significant effects on the degree of green technology choice of farmers.
HETEROGENEITY ANALYSIS
Influence of Environmental Regulation on Green Technology Adoption Bias of Farmers With Different Attributes
Green technology is a technology package composed of multiple technologies. According to different technical attributes, technologies can be divided into different types. Based on the classification method of technical attributes by Mao, 2018), this paper divides green breeding technology into three categories: reduction technology, harmless treatment technology and resource utilization technology. Multivariate probit model is used to test the impact of environmental regulation intensity on the technology adoption bias of farmers with different attributes. The results are shown in Table 8. The correlation coefficients of error terms of reduction technology, harmless treatment technology and resource utilization technology are significantly positive at the statistical level of 1%. This shows that there is a significant positive correlation between the adoption of three green technologies by farmers under unobservable factors. The three technologies are more complementary and synergistic, and farmers are more inclined to adopt a variety of green technologies at the same time.
Models 1) to 3) in Table 7 are the MVP estimation results of the bias of environmental regulation intensity towards the adoption of green technologies with different attributes of farmers. According to the estimation results of the model, the intensity of environmental regulation has a significant positive impact on Farmers’ reduction technology, harmless treatment technology and resource utilization technology. However, from the perspective of marginal effect, the impact of environmental regulation intensity on Farmers’ resource utilization technology is higher than that of harmless treatment technology. And its impact on resource utilization technology and harmless treatment technology is higher than that of reduction technology. Under the circumstance of increasingly strict environmental regulation constraints, farmers mainly alleviate environmental pollution in the process of livestock and poultry breeding by means of resource utilization of fecal sewage and harmless treatment of waste.
TABLE 7 | Effects of different regulation attributes of farmers on the environment.
[image: Table 7]Models 4) to 6) are the biased estimation results of different attributes of green technology adopted by farmers in different dimensions of environmental regulation. Different dimensions of environmental regulation have different preferences for the adoption of green technology with different attributes of farmers. Among them, the impact of mandatory regulation on Farmers’ harmless treatment technology is significantly higher than that on resource utilization technology, but it has the least impact on reduction technology. This may be related to the authority and irrefutability of mandatory regulation. Limited by the risk of punishment, farmers tend to adopt harmless treatment technologies with low cost and less technical uncertainty. The impact of economic incentive regulation on Farmers’ reduction technology is significantly higher than that on resource utilization technology, and higher than that on harmless treatment technology. The possible reason is that the adoption of capital intensive and environment-friendly technologies has high costs and slow benefits. Economic incentive regulation can not only alleviate the cost of farmers’ adoption of this attribute technology, but also improve the income space of farmers and promote the adoption of green technology. The impact of educational guidance regulation on Farmers’ harmless treatment technology is higher than that on resource utilization technology, but it has the least impact on reduction technology. The possible explanation is that there are many educational guidance regulations to improve the farmers’ awareness of green production and promote the adoption of green technology. Compared with reduction technology and resource utilization technology, which are stricter in capital and technology operation, harmless treatment technology belongs to stable capital and simple operation technology. These safe production technologies include harmless treatment technologies such as incineration and burial of dead pigs and other wastes. Under the influence of the government’s educational guidance regulation of “moistening things silently”, farmers tend to adopt harmless treatment technology in order to pursue production safety and “feel at ease".
Impact of Environmental Regulation on Green Technology Adoption by Farmers of Different Scales
China’s livestock and poultry breeding is still dominated by free range farmers and small and medium-sized farms, showing a trend of general part-time, large-scale and professional division of labor (Hu, 2019). Small and medium-sized farmers are often unable to independently purchase or adopt green production machinery and breeding technology due to lack of self-owned funds, limited production scale, technical obstacles and imperfect facilities. Even if some farmers can purchase and use it, it is difficult to give play to the effect of economies of scale (Sun and Liu, 2019). In addition, the ability of information acquisition and policy application is weak, and there are constraints on the production behavior of farmers. These weaknesses reduce the willingness and initiative of farmers for green production. Scale farming can produce economies of scale. Relying on the advantages of economies of scale, farmers can promote the re integration and allocation of capital, labor and other factors in various production links, improve the contribution and synergy of factor input, and promote their technology adoption. In order to test the impact of environmental regulation and its sub dimensions on the adoption of green technology by farmers, taking the mean value of breeding scale as the dividing point, this study divides farmers into “above mean” and “below mean” groups for comparative analysis. The specific results are shown in Table 8.
TABLE 8 | Estimation results of the impact of environmental regulation on the adoption of green technology by farmers of different sizes.
[image: Table 8]According to the estimation results of model 1) and model 3) in Table 8, the intensity of environmental regulation has a significant positive impact on the adoption of green technology by farmers of different sizes. After no correlation test, the p value can be obtained, and its impact on high-scale farmers is more obvious. The high-scale group farmers are more cautious about the adjustment and change of green production decision-making behavior due to the influence of breeding scale. If the external policy environment changes, it will always change its green technology adoption behavior at the first time. However, due to the limitation of capital and scale, the free range farmers households are always in a wait-and-see state to the change of policy environment. Therefore, the intensity of environmental regulation has a more obvious impact on the adoption of green technology by high-scale group farmers.
According to the estimation results of model 2) and model 4) in Table 8, the impact of mandatory regulation on the adoption of green technology by low-scale farmers is more significant. Low scale farmers are generally professional farmers and free range farmers. This part of farmers have higher risk aversion tendency and more obvious response to restrictive regulation. The impact of economic incentive regulation on the adoption of green technology by high-scale farmers is significantly greater than that of low-scale farmers. Economic incentive regulation is non-fixed amount subsidy, and its setting is based on the breeding scale. Only when it reaches a certain breeding scale can it obtain economic incentives and subsidies. This “more work, more pay” economic incentive mechanism for scale operation is more conducive to the adoption of green production behavior by farmers. There is no significant difference in the impact of education guided regulation on the adoption of green technology between high-scale group and low-scale group. The imperceptible role of such government led “top-down” publicity, promotion and training is still the main mode of government promotion.
MAIN CONCLUSIONS AND POLICY RECOMMENDATIONS
Using micro survey data, this paper empirically analyzes the impact of environmental regulation intensity and its sub dimensions on the adoption of green technology by farmers. And further discusses the impact of environmental regulation intensity on the endowment heterogeneity of farmers and the adoption of different attribute technologies. The main conclusions are as follows: first, environmental regulation can significantly improve the adoption of green technology by farmers. Every time the intensity of environmental regulation is increased by one unit, the adoption of green technology by farmers will increase by 27.04%; From the perspective of environmental regulation, mandatory regulation, economic incentive regulation and educational guidance regulation can significantly promote the adoption of green technology by farmers. Second, the intensity of environmental regulation can significantly promote the adoption bias of farmers’ reduction technology, harmless treatment technology and resource utilization technology. The impact intensity of environmental regulation intensity on Farmers’ green technology adoption bias is as follows: resource utilization technology is higher than harmless treatment technology and higher than reduction technology; From the perspective of environmental regulation, mandatory regulation, economic incentive regulation and educational guidance regulation can significantly promote farmers’ reduction technology, harmless treatment technology and resource utilization technology. Third, the intensity of environmental regulation has a significant effect on the adoption of green technology by farmers of different sizes, especially for high-scale farmers. At the same time, the sub dimension of environmental regulation has a significant positive impact on the adoption of green technology by farmers. Among them, the impact of mandatory regulation on the adoption of green technology by low-scale farmers is more obvious; The impact of economic incentive regulation on the adoption of green technology by high-scale farmers is significantly greater than that of low-scale farmers; There is no significant difference in the impact of education guided regulation on the adoption of green technology between high-scale group and low-scale group.
Based on the above research conclusions, this paper draws the following policy enlightenment: first, strengthen the role of environmental regulation policy in the adoption of green technology by farmers. The formulation and implementation of environmental regulation should be integrated with local village regulations and cultural customs according to local conditions, so as to ensure the stability and sustainability of the implementation of environmental regulation policies; At the same time, we should strengthen the publicity and promotion of environmental regulation policies. Improve farmers’ awareness and understanding of environmental regulation. Let environmental regulation become a “household name” policy, so as to strengthen the restrictive, incentive and guiding role of environmental regulation on the adoption of green technology by farmers. Give full play to its role in promoting the transformation of old and new kinetic energy of animal husbandry. Second, encourage farmers to continue to adopt green breeding technology. Green technology adoption is the key to breaking through the constraints of green production transformation of farmers. The promotion and restriction factors affecting the adoption of green technology by farmers should be identified at multiple levels and in an all-round way. Rely on the government to increase the popularization and promotion of the necessity of adopting green technology. Create a green production awareness and environment to mobilize the initiative and enthusiasm of farmers in the adoption of green technology, and improve the durability and stability of farmers’ adoption of green breeding technology. The third is to improve the differential impact of capital endowment heterogeneity on the adoption of green technology by farmers. Establish and improve the three major markets of rural capital, labor and insurance. Through the improvement of factor market, the heterogeneity of farmers’ endowment can be alleviated. Combined with the capital endowment differences of farmers of different sizes, formulate differentiated green breeding technology promotion strategies and support policies. For example, for farmers without endowment constraints, focus on the availability and operability of technology; Reduce the access threshold of green production for farmers; Improve the “disconnection” between farmers’ willingness to adopt green technology and behavior.
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respectively indicate significant at the level of 1, 5 and 10%. The influence coefficient is output in the table, and the figures in brackets are robust standard errors.
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