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Introduction: To date, African swine fever (ASF) is the greatest challenge to sustainable development in the pig farming industry in Sichuan and elsewhere. Biosecurity measures adopted by farmers are an important way to prevent ASF. As a way to advocate the adoption of biosecurity measures by farmers, government regulations (GRs) can guide and promote farmers' biosecurity awareness and adoption of related measures and thereby support the sustainable development of pig farming.

Method: In this study, a theoretical framework for systematic analysis is established, and survey data of 351 pig farmers are used to estimate the effects of GRs on the farmers' adoption of biosecurity measures.

Conclusions: The main conclusions are as follows. (1) The different types of GRs all pass the significance test and promote farmers' adoption of biosecurity measures, indicating that the Chinese government's biosecurity policies at this stage are effective. (2) According to a mediation effect model, GRs can promote farmers' adoption of biosecurity measures by increasing the level of biosecurity awareness among farmers. (3) From the results of a heterogeneity test, the effects of GRs on the adoption of biosecurity measures among farmers in the low rearing income level, short rearing time and low rearing scale groups are much greater than those in the high rearing income level, long rearing time and high rearing scale groups.

Policy recommendations: Based on the above conclusions, the results of this study suggest that the government should continue to strengthen GRs, especially guided GRs, such as biosecurity measure training. Moreover, for farmers with different backgrounds, the government should adopt distinct strategies to improve the effectiveness of GRs.
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1. Introduction

African swine fever (ASF) is an animal disease with high infectivity and mortality (Mason-D'Croz et al., 2020). As an exotic disease, ASF has been highly disastrous to the Chinese livestock industry (Zhao, 2019; Yao et al., 2022). According to the National Bureau of Statistics of China (NBS, 2022), in 2019, pig production in the country declined severely to 310.41 million heads, representing a 27.5% decline from 2018 (NBS, 2022). Within a short period, ASF spread to all regions of mainland China, and most farmers were forced to stop production or reduce the scale of pig farming (Xu et al., 2022; Yao et al., 2022). The shortcomings of biosecurity prevention and control in the pig farming industry have been revealed. Biosecurity measures are essential for maintaining healthy farms (Horrillo et al., 2022). Therefore, it is important to promote farmers' adoption of biosecurity measures to sustainably develop the pig farming industry (Xu et al., 2022).

Government regulations (GRs) are the main measures to regulate farmer behaviors (Zhao et al., 2018). Since the emergence of ASF in northeastern China at the end of 2018, the Chinese government has issued several successive notices to slow the destructiveness of the disease. These policies include the Notice of the General Office of the State Council on Doing a Good Job in the Prevention and Control of ASF and Other Animal Diseases and the Notice of the Ministry of Agriculture, and Rural Affairs on Printing and Distributing Eight Bans on the Prevention and Control of ASF. However, because of the high transmission and mortality and the weak biosecurity control abilities of farmers, biosecurity control has not been visibly effective. From 2019 to 2021, the Chinese government issued policies to improve farmer biosecurity prevention and control capabilities, including the Opinions on Strengthening the Prevention and Control of ASF, ASF Emergency Implementation Plan (2019 Edition), ASF Emergency Implementation Plan (2020 Edition), and Technical Guidelines for Normalized Prevention and Control of ASF (Trial Version). In 2021, ASF was successfully controlled in China, and the yield of pigs in that year reached 670 million heads, returning to the level of a normal year (2017). The Chinese government has made great contributions to the prevention of ASF. Therefore, a full understanding of the role of Chinese government regulations in farmers' adoption of biosecurity measures has tremendous implications for other countries experiencing ASF.

ASF is devastating to the pig industry; improving the biosecurity behaviors of farmers has become a popular topic. Xie (2022) conducted a study on whether policy insurance is conducive to farmers recovering lost pig production based on 360 questionnaires in Jiangsu Province, China; the researchers found that compensation encourages farmers to adopt biosecurity measures to a certain extent. However, Beach et al. (2007) believes that there is a certain substitution relationship between government compensation and farmers' biosecurity input, leading to the deviation of farmers' behaviors from policy goals and creating adverse incentives. The reason for this phenomenon may be that farmers' biosecurity behavior or incentive policies distort market signals, reducing decision-making motivation due to information asymmetry (Bicknell et al., 1999). In addition, some scholars have discussed the factors that affect the biosecurity behaviors of pig farmers. Sahlström et al. (2014) found that farmers' sex, age, education level, and risk preference have positive effects on biosecurity behaviors. Other scholars have found that the scale of rearing, the standardization of pig farm facilities, and the content of training play important roles in the prevention of disease and the control of farmers' biosecurity (Zhang and Wu, 2012; Wu et al., 2015; Hennessy and Wolf, 2018). Although there are some studies on the biosecurity behaviors of farmers in the literature, some inadequacies remain. Firstly, there are many types of GRs, and the effects of GRs on the behaviors of pig farmers are not fully explained from a single perspective; thus, deeper discussion is necessary. Secondly, the literature rarely discusses the influence mechanism of GRs on the adoption of biosecurity measures by pig farmers, while improving the effectiveness of GRs is an important way to ensure the sustainable development of the pig farming industry.

To date, ASF is still the biggest challenge for the sustainable development of the pig farming industry. Many countries have invested large amounts of money and specialized technical staff to address ASF. Therefore, it is valuable to study whether GRs effectively promote farmers' adoption of biosecurity measures. The main objective of this study is to analyze the mechanisms and interventions by which GRs influence farmers' adoption of biosecurity measures to improve the sustainable development of the pig farming industry. The specific goals include (1) to theoretically reveal the influence mechanism of GRs on farmers' adoption of biosecurity measures; (2) to empirically analyze the effects of GRs (including different types of GRs) on the adoption of biosecurity measures by pig farmers by using survey data; (3) to test the mediating effect of biosecurity awareness of pig farmers; and (4) to analyze the role of GRs in the adoption of biosecurity measures by pig farmers in different farming contexts. There are three marginal contributions. Firstly, we use microsurvey data to analyze the impacts of GRs on farmers' adoption of biosecurity measures, providing insights for government decision-making. Secondly, we use a mediation effects model to analyze the transmission mechanisms by which GRs influence farmers' adoption of biosecurity measures, contributing to an in-depth understanding of methods to promote farmers' adoption of biosecurity measures. Third, grouping regressions are used to test the heterogeneous effects of GRs on biosecurity measures adopted by farmers with different backgrounds, which can help government policy become more targeted and effective.



2. Theory and hypothesis


2.1. GRs and farmers' adoption of biosecurity measures

As economic agents, farmers' biosecurity behaviors have great externalities in their biosecurity behaviors (Brennan and Christley, 2013). Ellis-Iversen et al. (2010) and Brennan and Christley (2013) argued that in the processes of farming production and disease prevention and control, some farmers have refused to implement biosecurity measures; thus, they sell infected livestock to reduce costs and obtain high returns, harming the interests of other farmers and generating large negative externalities (Ellis-Iversen et al., 2010; Annes and Bessiere, 2018). In practical production, pig farmers are limited rational agents (Liu, 2021). If the cost of adopting biosecurity measures greatly exceeds the sales revenue of farmers, it is difficult for pig farmers to choose to focus on biosecurity issues. Therefore, the resulting negative externalities require government intervention (Zhou et al., 2022). To maximize utility in the decision-making process, the sum of utilities obtained by farmers adopting biosecurity measures, without considering external factors, is expressed as follows (1):

[image: image]

where ΔU1 is the total utility obtained by the adoption of biosecurity measures by a farmer without considering external factors; UT is the utility gained from the production improvement (T) due to the adoption of biosecurity measures (UT ≥ 0 as an increasing function of T); UPE is the utility of the positive externality (E) gained by farmers adopting biosecurity measures (UPE ≥ 0 and is an increasing function of E); UC1 is the reduced utility due to the cost of adopting biosecurity measures (C1, 0 ≤ C1 ≤ BDG, where BDG is a budget constraint for farmers; ΔU1 ≥ 0 is an increasing function of C1). When U1 > 0, the farmer adopts biosecurity measures; otherwise, these measures are not adopted.

By considering external institutional factors, the utility of farmers' adoption of biosecurity measures includes the government benefits received. Then, the utility obtained by the farmer is expressed as follows (2):
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where ΔU2 is the total utility obtained by farmers adopting biosecurity measures considering external institutional factors; US is the utility of government support (S) received by farmers for adopting biosecurity measures (US ≥ 0, which is an increasing function of S); UC2 is the reduced utility (UC2 ≥ 0, which is an increasing function of C2) of government penalties (C2, 0 ≤ C2 ≤ BDG) for biosecurity risks caused by farmers who do not adopt biosecurity measures, such as the unreasonable disposal of breeding waste and the sale of dead pigs; and UL is the utility loss caused by the biosecurity risk.

GRs include three dimensions: guided government regulations (GGRs), incentive government regulations (IGRs), and constraint government regulations (CGRs) (Ajzen, 1991; Zhu et al., 2021). In the context of farmers' biosecurity measures, GGRs describe regulations by which the government conducts various activities, such as publicity, promotion, and training, related to disease prevention and control of pig production to enhance farmers' biosecurity awareness. This approach enables farmers to realize the economic benefits created by adopting biosecurity measures (UT and UPE increase while UL decreases), and reduce pig farmers' information collection and technical learning costs (UC1 decreases), thereby increasing the adoption of biosecurity measures. IGRs include regulations in which the government reduces the cost of safe production (Cb) for farmers by providing subsidies to ensure that they receive minimum compensation and to promote their expected benefits. Under these measures, the actual expenditure of farmers adopting biosecurity measures is Cr (Cr = C1-Cb), and the cost–utility of adopting biosecurity measures for farmers decreases to UCr. Therefore, the utility obtained by the farmer is [image: image]. Because C1 > Cr, UC1 > UCr, and [image: image], thus, [image: image]. CGRs encompass regulations in which the government restricts the production measures available to farmers by promulgating relevant laws and policies and increasing the degree of punishment for illegal activities. Pig farmers that do not adopt biosecurity measures are punished (C2) for unreasonable biosecurity risks caused by abusing veterinary drugs and randomly disposing of infected or dead pigs, increasing UC2. Therefore, for government constraints, the cost for farmers likely increases. To reduce the cost of violations, farmers must comply with the relevant GRs. Therefore, we propose the following hypothesis (H1):

H1: GRs are conducive to promoting farmers' adoption of biosecurity measures, and IGRs, CGRs and GGRs have the same promoting effect.



2.2. GRs, biosecurity awareness, and farmers' adoption of biosecurity measures

According to the theory of planned behaviors (Ajzen, 1991), the decision-making of the agent is a dynamic process in which the agent forms their awareness by collecting and screening information, guiding their behavioral responses (Lin et al., 2018). Biosecurity awareness refers to a subject's understanding of specific information, government policies, and safety values; this aspect has an important impact on the overall prevention and control of animal diseases (Breen et al., 2013). In this paper, farmers' awareness of biosecurity behaviors refers to their understanding of biosecurity policies, information, and values. As the main body of biosecurity behaviors, the farmers' biosecurity awareness level is the basis for promoting the adoption of biosecurity measures (Xu et al., 2022). Farmers' biosecurity awareness reflects whether they understand methods for maintaining the biosecurity situation of the farm and whether they have a sense of responsibility for this action. The expansion of farmers' awareness of biosecurity may help guide the emergence of biosecurity behaviors among farmers (Qiao and Zhang, 2019). Based on the above analysis, we propose the following hypothesis (H2):

H2: Biosecurity awareness can encourage farmers to adopt biosecurity measures.

GRs may affect farmers' adoption of biosecurity measures by increasing their biosecurity awareness. Due to the limitations of age and education experience, it is difficult for most farmers in China to learn biosecurity knowledge and skills without assistance (Yu and Yu, 2019). To improve farmers' productivity and revive the industry, the government has formulated biosecurity prevention and control policies, conducted awareness training, and monitored and disciplined farmers (Toma et al., 2013). These actions can guide farmers to understand pig farming and biosecurity policies, regulate their production behaviors, and reduce biosecurity risks (David et al., 2021). This information leads to the following hypothesis (H3):

H3: GRs promote the adoption of biosecurity measures by enhancing farmers' biosecurity awareness.




3. Materials and methods


3.1. Data source

Sichuan Province is a major pig production area in China and has been ranked among the top regions for pig production for many years (Wang et al., 2015). Before the outbreak of ASF, the pig rearing volume in Sichuan Province reached 43.77 million heads in 2017, accounting for ~10% of the national total (NBS, 2022). After the spread of ASF in Sichuan Province, government departments provided substantial support to resume pig rearing, enabling the province to recover pig production capacity. According to the NBS, in 2020, the number of pigs reared in Sichuan Province reached 56.14 million heads, accounting for 10.65% of the total number in the country and ranking first in China. Moreover, Sichuan Province's economic development conditions and rearing environment exhibit obvious stepped characteristics. For example, the levels of economic development and rearing technology are relatively high in the central plain and relatively low in the hilly and plateau areas. These factors have a certain influence on the implementation of government policies and the biosecurity behaviors of farmers, which better represent the production recovery of farmers at different levels. Therefore, we take Sichuan Province as the field investigation area in this paper.

The research method involved one-on-one household interviews in Sichuan Province from June to September 2021. The sample selection of farmers was based on the principle of combining purposive, stratified and random sampling. The specific sampling investigation process was as follows. Firstly, according to regional characteristics, Sichuan Province was divided into five regions: the Chengdu plain economic zone, southern Sichuan economic zone, northeast Sichuan economic zone, Panxi economic zone, and northwest Sichuan ecological economic zone. We chose the Chengdu plain economic zone, southern Sichuan economic zone and northeast Sichuan economic zone for investigation. These three regions have a greater concentration of pig farms and have the largest number of pigs (Wang et al., 2015). Then, 1 large pig rearing county was randomly selected from each region. Secondly, to maximize the validity and representativeness of the sample, we interviewed regional agricultural departments and technical extension officers to gain a more detailed understanding of the development of the pig farming industry in the study area (Xu et al., 2022). According to expert suggestions, we selected the three towns with the largest rearing volume and randomly selected 40–50 pig farmers. We completed a total of 370 questionnaires through a survey. After screening and eliminating important data that were missing and inconsistent from questionnaires, a total of 351 valid questionnaires were obtained, for an effective rate of 94.86%. A map of the sample locations is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Location map of sample counties.


Table 1 shows the basic information of the surveyed farmers. Among the sample, in terms of individual basic characteristics, 269 male farmers were interviewed, accounting for 76.64% of the total sample. Most farmers were between 40 and 59 years old; the education level of farmers was mainly junior high school and below in the total sample, accounting for 83.19%. Concerning production and operation, 67.24% of the pig farmers had been raising pigs for more than 10 years. Most farmers had raised fewer than 100 pigs (61.82%), and their rearing income exceeded 50% (70.37%) of the total household income. This finding was consistent with the fact that pig farming in rural areas in China is dominated by males and middle-aged and elderly people with a low overall education level on small- and medium-sized farms. In addition, only 11.97% of the interviewed farmers who participated in the production organization were among the 73.22% of farmers who purchased rearing insurance.


TABLE 1 Basic information about sample farmers.

[image: Table 1]



3.2. Selection of variables


3.2.1. Explained variable

In this study, we selected the farmers' adoption of biosecurity measures (FABM) as the explained variables and expressed them in terms of the number of biosecurity measures adopted by farmers. According to Center People's Government of the People's Republic of China (2010) issued by the Ministry of Agriculture Rural Affairs of the People's Republic of China (2010) and the research of Zhou et al. (2020) and Bai et al. (2012), we selected 15 core biosecurity measures: site selection and layout of pig farms, foreign personnel and vehicle management, entry and exit management of carrying items, introduction and isolation management, all-in and all-out farming, optimized management of rearing environment, clean and dirty management, food and drug storage management, rational use of veterinary drugs, regular epidemic prevention management of inputs (feed, drinking water, and drug), anti-mosquito, rat and bird facilities, internal disinfection management of pig farms, farm management record file, separate rearing of sick pigs in farms, and regular epidemic prevention and management of pigs. We categorized the number of biosecurity measures adopted by farmers into five categories, with farmers adopting 1–3 biosecurity measures being assigned a value of 1, farmers adopting 4–6 biosecurity measures being assigned a value of 2, farmers adopting 7–9 biosecurity measures being assigned a value of 3, farmers adopting 10–12 biosecurity measures being assigned a value of 4, and farmers adopting 13–15 biosecurity measures being assigned a value of 5.



3.2.2. Explanatory variables

The core explanatory variables of this paper are GRs, including (1) GGRs, which include the number of biosecurity trainings organized by the government as a proxy variable; (2) IGRs, which include the amount of government subsidy funds as a proxy variable; and (3) CGRs, which include the intensity of government supervision on farms as a proxy variable.



3.2.3. Mediation variables

The mediation variable in this paper is biosecurity awareness, including (1) policy awareness (PA), using farmers' understanding of biosecurity Technical Guidelines for the MOA (2020) as a proxy indicator; (2) value awareness (VA), using farmers' value awareness of biosecurity behaviors to prevent and control epidemic diseases as a proxy indicator; and (3) content awareness (CA), using farmers' understanding of the content and requirements of farm biosecurity management as a proxy indicator.



3.2.4. Control variables

Based on Li et al. (2014) and Wang et al. (2016), we select the factors affecting farmers' adoption of biosecurity measures from two aspects: the basic characteristics of farmers and the characteristics of production and operation. Among these aspects, the basic characteristics of farmers include sex, age, education experiences (EE), and the labor force of the farming family (LF). The characteristics of production and operation include rearing time (RT), rearing scale (RS), rearing income as a proportion of the total household income (RIS), whether the farm is a standardized farm (SF), whether the farmers have joined a cooperative organization (CO), and whether they buy rearing insurance (RI). Table 2 shows the descriptive statistical characteristics of the variables.


TABLE 2 Descriptive statistical characteristics of variables.

[image: Table 2]




3.3. Model construction


3.3.1. Benchmark regression models

The number of biosecurity measures adopted by farmers is an ordinal variable, an O-logistic model used to analyze the impact of GRs on farmers' adoption of biosecurity measures. The specific equation is as follows.

[image: image]
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where [image: image] is the explained variable, which represents the number of biosecurity measures adopted by farmers; GRsi represents the GRs, when i = 1,2,3, GRs refer to IGRs, GGRs, and CGRs, respectively; xi are control variables, which include the farmer's age, sex, education experience, etc.; εI is the random error term; β1 and βi are the coefficients. [image: image] cannot be directly observed, so it needs to be represented by the variable yi that can be directly observed. Let λ1 < λ2 < … < λn−1 represent the threshold. In the case of n=5, there are 4 thresholds, and the corresponding relationship between yi and [image: image] is shown in formula (4).



3.3.2. Mediation effect model

To understand the internal transmission mechanism of the mediation effect model, we used the KHB model (Karlson and Holm, 2011; Xu et al., 2022) to decompose the total effect into direct effect and indirect effect test. The calculation process is as follows.

Suppose the linear regression model is as follows (5):

[image: image]

where Y is the explained variable; X is the core explanatory variable; M is the mediating variable; C is the control variable; and X affects Y through M. In this model, β1 is the direct effect of X on Y.

To further calculate the total effect of X on Y:

[image: image]

The indirect effect of the core explanatory variable X on the explained variable Y by affecting the mediating variable M can be expressed as:

[image: image]

In this paper, if X affects Y* through M, then:

[image: image]
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The direct effect can be expressed as b1 = β1/σ1; total effect: b2 = β2/σ2. σ1 and σ2 are scale parameters, which are the residual standard errors of Equations (5) and (6). At this point, the indirect effect of the logistic model can be expressed as (10):

[image: image]

The indirect effect is determined by the two scale parameters σ1 and σ2, which can be calculated by measuring the residual of the linear regression of the mediating variables on the explanatory variables.

[image: image]

where a and b are linear regression coefficients, and R is the residual. Substituting R into model (6), we can obtain Equation (12):

[image: image]

[image: image], [image: image] is the residual standard deviation of the above formula, and [image: image]. Then (13) and (14) can be calculated as follows:
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In the same way, the proportion of each coefficient can be calculated as:

[image: image]

To verify the mediation effect of the above model, it is only necessary to test the hypothesis H0:b1 = b2, that is, to test whether β1 and β2 are equal.

[image: image]

where b is the coefficient of X to M in Equation (11), for (16) not to be 0, the direct effect of M on Y must not be 0, that is [image: image], and X is related to M, that is, b ≠ 0.

The Sobel test can be used to obtain the following test formula for the indirect effect:

[image: image]

where a′ represents the vector[image: image], ∑ is the covariance matrix variance of γ2 and b.





4. Results


4.1. Benchmark regression analysis

To ensure the accuracy of model parameter estimation, we conduct a multicollinearity test on each variable before regression. The results show that the tolerance is much larger than 0.1, and the maximum value of VIF is 1.81; this value is much smaller than 10, indicating that there is no multicollinearity among the variables.

We use an O-logistic model to analyze the influences of GRs and biosecurity awareness levels on farmers' adoption of biosecurity measures. To further prove the robustness of the results, we use an ordered-probit (O-probit) model for analysis. The benchmark regression results (Table 3) show that the significance and direction of each variable are consistent with the regression results of the O-logistic model, indicating that the regression results are relatively robust.


TABLE 3 Benchmark regression results.

[image: Table 3]


4.1.1. GRs

According to the results in Table 3, all three types of GRs passed the significance test, indicating that the top-down governance method significantly affected farmers' biosecurity behaviors. Specifically, GGRs, IGRs, and IGRs all passed the significance test (P ≤ 10%), and the coefficients were positive. This finding indicated that GGRs, IGRs, and IGRs played significant roles in promoting the adoption of farmers' biosecurity measures.



4.1.2. Biosecurity awareness

All three types of biosecurity awareness passed the significance test, indicating that biosecurity awareness significantly impacted farmers' adoption of biosecurity measures. Specifically, both biosecurity policy awareness and content awareness were significant at the 1% level, and the coefficients were positive. Value awareness was significant at the 1% level, but value awareness had an inhibitory effect on farmers' adoption of biosecurity measures.



4.1.3. Control variables

Sex was significant at the 5% level, and the coefficient was positive, indicating that sex played a significant role in promoting the adoption of biosecurity measures by farmers. Family labor was significant at the 10% level, and the coefficient was positive, indicating that the more laborers in the family were engaged in pig rearing, the more inclined the farmers were to adopt biosecurity measures. The rearing scale and standardized farms were significant at the 1% level, respectively, and both promoted the adoption of biosecurity measures. Rearing insurance was significant at the 5% level, and the coefficient was positive, indicating that farmers who purchased rearing insurance had higher biosecurity awareness levels and were more inclined to adopt biosecurity measures.




4.2. Mediation effect analysis

The estimation results of the benchmark model show that GRs and biosecurity awareness significantly impact farmers' adoption of biosecurity measures. On this basis, we discuss whether there is a mediating role in the influences of GRs on farmers' adoption of biosecurity measures, the relationship between the direct and indirect impact paths, and the contribution of each mediation variable to farmers' adoption of biosecurity measures. According to the results of the mediation effect test in Table 4, the overall fitting effect of the model is acceptable.


TABLE 4 Mediation effect test results.

[image: Table 4]

Column (1) in Table 4 shows the results of the O-logistic model without mediating variables, and columns (2)–(4) show the results of the regression tests with mediating variables. According to the test results of the mediation effect model, GRs positively affect policy, content, and value awareness levels, and all of these effects pass the significance test. Relative to column (1), there is no significant shift in the coefficients of GRs in column (5). Policy awareness, content awareness, and value awareness all pass the significance test, proving that GRs have a mediating effect on farmers' adoption of biosecurity measures. Thus, hypotheses 1, 2, and 3 are further verified.

The KHB model is further applied to decompose the effects of GRs on farmers' adoption of biosecurity measures. According to Table 5, the total effect of the model is 1.656, of which the direct effect is 1.153, the indirect effect is 0.502 and the effect is significant at the 1% level. In addition, Table 5 shows that the indirect effect accounts for 30.31% of the total effect, indicating that GRs greatly impact farmers' adoption of biosecurity measures by enhancing biosecurity awareness levels. The total, direct, and indirect effects were positive in terms of the coefficient symbol, indicating that GRs may directly promote the adoption of biosecurity measures by farmers and produce indirect positive effects through mediation variables.


TABLE 5 Decomposition effects and comparison of the KHB method.

[image: Table 5]

According to the results in Table 6, the indirect effects of GRs through policy, value, and content awareness are 0.465, −0.037, and 0.192, respectively. Policy awareness has the largest indirect effect on farmers' adoption of biosecurity measures, accounting for 74.97% of the indirect effect and 44.24% of the total effect. The indirect effect of value awareness is minimal, and its contribution is negative, accounting for −5.98% of the indirect effect and −3.53% of the total effect; these findings are consistent with the previous results.


TABLE 6 Decomposition of the indirect effects of GRs on the farmers' adoption of biosecurity measures.

[image: Table 6]



4.3. Robustness test

To examine the stability and reliability of the research methodology and the explanatory power of the indicators, and to prevent the estimation bias caused by certain uncontrollable factors from making the research conclusions unconvincing, based on the use of the O-probit model (Table 3), this paper further tests the robustness by replacing the core explanatory variables. The variable “government supervision intensity” is replaced with “government supervision scope on farm safety”, and GR is re-measured by the entropy method. The results of the robustness test (Table 7) indicate that the core explanatory variables and mediating variables pass the significance test, and the direction of the coefficients is mostly consistent with the results in Table 4, further suggesting that the results of this study are robust.


TABLE 7 Robustness test.

[image: Table 7]



4.4. Heterogeneity analysis

We study the mechanisms by which GRs influence farmers' adoption of biosecurity measures; however, the rearing income level, rearing time, and rearing scale of different farmers influence GRs and farmers' adoption of biosecurity measures. Therefore, we divide the rearing income level, rearing time and rearing scale into groups to further explore the impacts of GRs on farmers' adoption of biosecurity measures. We use the mean values of the rearing income level, rearing time, and rearing scale as the grouping criteria; additionally, we divide the farmers into low-mean groups (low rearing income level, low rearing scale and short rearing time) and high-mean groups (high rearing income level, high rearing scale and long rearing time). Next, we take farmers' adoption of biosecurity measures as the explained variables and GRs, IGRs, CGRs, and GGRs as the explanatory variables and use the O-logistic model to examine the contributions of different rearing income levels, rearing times, and rearing scale groups to GRs and farmers' adoption of biosecurity measures. In this paper, the rearing income as a proportion of the total household income is used to express the rearing income level of farmers.

From Table 8, the effects of GRs on farmers' adoption of biosecurity measures in the low-mean groups exceed those in the high-mean groups, indicating that GRs are more effective in the low-mean groups. Table 9 shows the effects of IGRs, CGRs, and GGRs on farmers' adoption of biosecurity measures in different groups. Notably, the results shown in Table 9 are generally consistent with those in Table 8. The coefficients of various GRs in the low-mean groups are higher than those in the high-mean groups, which further shows that the roles of GRs in the low-mean groups are more significant.


TABLE 8 Effects of different groups of GRs on farmers' adoption of biosecurity measures.

[image: Table 8]


TABLE 9 Effects of IGRs, CGRs, and GGRs on farmers' adoption of biosecurity measures in different groups.

[image: Table 9]




5. Discussion

ASF has brought great harm to the pig farming industry in the world, so it is of great significance to find effective solutions for the pig farming industry and residents' diets. Effectively preventing the spread of animal diseases requires government support and farmers' adoption of biosecurity measures. However, the effectiveness of GRs largely depends on farmers' acceptance of different GRs and their biosecurity awareness (Xu et al., 2023). Therefore, it is necessary to examine the mechanism of different types of GRs on biosecurity measures adopted by farmers with different backgrounds to develop more perfect biosecurity prevention and control policies. This study focused on the impact of GRs, farmers' biosecurity awareness, farmers' basic characteristics and production operation characteristics on farmers' adoption of biosecurity measures. To examine these contents, a total of 351 valid samples from pig farmers were collected and were analyzed using O-probit, mediation effect model and heterogeneity test method.

Through empirical analysis, we demonstrate that current Chinese GRs can effectively promote the adoption of biosecurity measures by pig farmers. This result shows that the recent epidemic prevention policy formulated by the Chinese government to address ASF was more effective than other measures, encouraging farmers to adopt biosecurity measures to prevent the spread of immune diseases, and protect the health of pigs. However, different types of GRs have distinctly varying roles. As shown in Table 3, GGR has the largest coefficient (0.629), while IGR has the smallest coefficient (0.265). This means that GGR plays a stronger role than IGR. According to the survey study, most of the government subsidies received by pig farmers were <1,000 yuan (Table 2), and the cost of pig mortality far exceeded this value, which might be the reason for the low role of IGR. This shows that when large-scale animal diseases occur, relying on only less subsidies is not the best way, and technical training by the government may be more conducive to the farmers' adoption of biosecurity measures.

Farmers' personal characteristics and production operation characteristics also have an impact on the adoption of biosecurity measures by farmers. We find that farmers with larger size, more labor, and more standardization are willing to adopt more biosecurity measures. As stated by Ghimire and Huang (2016), larger farmers are more inclined to adopt advanced technologies to expand their returns and protect their assets. Compared with women, male interviewees express a willingness to adopt more biosecurity measures, and the reason for this phenomenon could be that female farmers tend to be more conservative in their decision-making regarding biosecurity measure adoption (Liu et al., 2019). Farmers with rearing insurance are more likely to adopt biosecurity measures. Rearing insurance, as a vital risk management tool, improves the risk tolerance of farmers by dispersing risks (Ghosh et al., 2022). This condition allows farmers to try new technologies without worrying about the adverse consequences of these technologies, thus improving the allocation efficiency of resources (Wu and Li, 2023).

Farmers' biosecurity awareness has a significance impact on farmers' adoption of biosecurity measures. However, although pig farmers are familiar with government policies and biosecurity measures, the policy values do not seem to be effective in promoting farmers' adoption of biosecurity measures. These results are similar to those of Lanyon et al. (2015) and Frössling and Nöremark (2016); that is, although farmers seemed to believe that implementing biosecurity measures was beneficial (Sayers et al., 2013), they did not widely implement such measures. There could be several reasons for this phenomenon. The interviewed farmers were small-scale free-range farmers, and there was a difference in the biosecurity awareness levels of traditional backyard farmers and standardized large-scale farmers, and the awareness levels of the investigated farmers could deviate from the actual behaviors (Li et al., 2014). Even if the farmers recognized that biosecurity behaviors can effectively prevent and control diseases, they may not have been able to adopt biosecurity measures for production due to practical factors such as the cost of adopting measures and human resource constraints (Liu et al., 2017). Some farmers even reduced production costs by decreasing the production scale and decreasing biosecurity measures (Tian and Stephan, 2020).

In addition, government regulations are more effective for farmers with short farming time, low farming income and low farming scale. These results are similar to those of Simon-Grifé et al. (2013); that is, farmers with a larger rearing scale, higher rearing income, and longer rearing time have higher management and biosecurity awareness levels, making it difficult for the government to form an obvious incentive and play a guiding role for these farmers. In contrast, smaller-scale farmers generally lack the application of biosecurity measures and awareness (Costard et al., 2009). With the help of the government, the biosecurity behaviors of small-scale farmers will effectively improve. Moreover, we see that GGRs have the greatest impact on farmers' adoption of biosecurity measures, while IGRs have the smallest impact. This result suggests that farmers are willing to receive government training, not just sanctions and subsidies (Moya et al., 2021). Therefore, the government needs to understand the characteristics of local farmers when formulating relevant policies and it should not concentrate all subsidies on large-scale farms, especially in developing countries where there are more small-scale farmers.

Although our study provides help in promoting farmers' adoption of biosecurity measures, there are some limitations. With the dual limitations of ASF and COVID-19, it is difficult for us to conduct continuous tracking surveys to form panel data. Panel data can better identify changes in farmers' adoption behaviors toward biosecurity measures under different levels of risk. In addition, another limitation of this paper is the lack of discussion of biosecurity measure adoption behaviors in large-scale farming enterprises. The huge risk posed by ASF led to many small-scale farmers withdrawing from the farming industry, thus rapidly increasing the number of large-scale farming enterprises. These farming enterprises have more capital and advanced technology and are able to provide technical and financial assistance to small-scale farmers. Therefore, future scholars should adopt panel data to analyze the factors influencing farmers' adoption of biosecurity measures. It can also focus on whether large-scale pig farming enterprises can generate technical and economic spillover effects for surrounding small-scale farmers. We believe that more in-depth studies can provide better empirical evidence for the sustainable development of pig farming.



6. Conclusion and policy recommendations

We use survey data from 351 pig farmers to investigate the transmission mechanisms and heterogeneity characteristics of the effects of GRs on farmers' adoption of biosecurity measures. The main conclusions are as follows. (1) According to the benchmark regression results, we demonstrate that GRs positively impact farmers' adoption of biosecurity measures. Furthermore, the three types of GRs—IGRs, GGRs, and CGRs—all promote the adoption of biosecurity measures by pig farmers; this finding indicates that the Chinese government's biosecurity measures at this stage are effective. (2) Through the mediation effect test, GRs can promote the adoption of biosecurity measures by enhancing farmer biosecurity awareness. Among these roles, the indirect effects of policy awareness and content awareness are more significant, while value awareness does not contribute significantly. (3) From the results of the heterogeneity test, we find that the effects of GRs on farmer biosecurity behaviors in the low-mean groups (low rearing income level, low rearing scale, and short rearing time) are considerably greater than those in the high-mean groups (high rearing income, high rearing scale, and long rearing time).

According to the research conclusions, to further strengthen the biosecurity prevention and control capabilities of farmers and to promote sustainable development in the pig farming industry, we propose the following policy recommendations. (1) The government should continue to strengthen GRs, especially GGRs, because they have the greatest positive impact on farmers' adoption of biosecurity measures. For example, the government can establish a biosecurity prevention and control information platform to share measures and technologies. (2) The government should reasonably guide farmers' awareness levels of policies and biosecurity behaviors and actively promote farmers' adoption of biosecurity measures. To mitigate farmers' fear of ASF, good publicity by government department staff and veterinarians is needed. (3) The government should strengthen the guidance and incentives for small-scale farmers to maximize the efficiency of government biosecurity measures.
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Cooperative organization (CO) Did you participate in cooperative organizations? 0.120 0325
No=0;Yes=1

Rearing insurance (RI) Did you buy rearing insurance? 0.732 0.443

No=0;Yes=1
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Variable type Variable = O-logistic ~O-probit
EE FABM FABM
GRs GGRs 0.629*** 0.315%*
0.182 0.097
IGRs 0.265* 0.145*
0.152 0.079
CGRs 0.487* 0.271%*
0.163 0.087
Biosecurity awareness PA 1.332%%* 0.668***
0.312 0.167
CA 0.993*** 0.523**
0.322 0.18
VA —0.799** —0.422***
0.353 0.2
The basic characteristics Sex 0.633** 0.334**
of farmers
0.278 0.153
Age 0.024 0.033
0.266 0.149
EL 0.368** 0.185"*
0.178 0.09
LF 0.410%** 0.243%*
0.158 0.088
Production and operation RT 0.12 0.074
characteristics
0.161 0.09
RS 0.831% 0.462***
0.248 0.136
RIS —0.178 —0.081
0.139 0.076
SF 1.806*** 1.061%*
0.567 0.29
co 0.464 0.184
0.457 0.235
RI 0.628** 0.366"*
0.277 0.154
LR —319.368"* —322.614"
‘Wald-Test 176.45"** 206.23***
R 0.296 0.289
N 351 351

Standard errors in parentheses; *p < 0.10, **p < 0.05, ***p < 0.01.
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Variables (1) (2) (3) () (5) (6)
RIS S RT RT RS RS
(low-mean) (high-mean) (low-mean) (high-mean) (low-mean) (high-mean)
FABM FABM FABM FABM FABM FABM
GRs 1.871%* 1.277%* 2.354%* 1.208*** 2.908+* 0.704***
0312 0.260 0.397 0240 0359 0.255
Control variables Yes Yes Yes Yes Yes Yes
R 027 0.262 0.346 0228 0277 026
LR 121.01 118.19 11239 127.62 147.18 80.96
N 185 166 115 236 217 134

Standard errors in parentheses; ***p < 0.01.
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Med n Coefficient Standard Indirect Total

variables error effect effect
PA 0.465 0.100 74.98% 44.24%
CA 0.192 0.064 31.01% 18.30%
VA —0.037 0.029 —5.98% —3.53%
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VEE S

GRs 1.529** 1464 1.256** 1.232%* 11574+
(0.190) (0.253) 0.274) 0.271) (0.200)
PA 1497+
(0.305)
CA 0.987***
(0.318)
VA —0.507*
(0.339)
Control variables Yes Yes Yes Yes Yes
LR —341.705*** —161.869*** —169.010** —157.649*** —321.310**
R? 0.247 0.324 0.191 0.086 0.291
N 351 351 351 351 351

Standard errors in parentheses; *p < 0.10, ***p < 0.01.
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Variables

Sex Male 269 76.64% | Rearing insurance Purchased 257 73.22%

Female 82 23.36% Not purchased 94 26.78%
Age <40 67 19.09% | Rearing time <10 years 115 32.76%

40-59 254 72.36% 10-19 years 135 38.46%

60> 30 8.55% >20 years 101 28.77%
Education Elementary school and below 151 43.02% Rearing scale 30-99 pigs 217 61.82%
experiences

Junior high school 141 40.17% 100-999 pigs 119 33.90%

High school/technical 44 12.54% >1,000 pigs 15 4.27%

secondary School

Higher education 15 4.27% Rearing income as a <25% 6 1.71%

(undergraduate and junior proportion of total household

college) income 25-49% 98 27.92%
Production Participation 42 11.97% 50-75% 81 23.08%
organizations

No participate 309 88.03% >75% 166 47.29%

The values in the “Observations” column indicate the number of samples observed with a particular characteristic, and the values in the “Rate” column indicate the proportion of the observations
of a specific character to the total number of samples.
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