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China's public health emergency COVID-19 has brought great challenges to food safety. Among them, the quality and safety of agricultural products under the normalization of the COVID-19 prevention and control has become a hot issue of general concern. This study attempts to reveal the driving factors and mechanisms of farmers' green production behavior. The empirical research by collecting 673 sample data shows that: individual characteristics of farmers, government guiding factors, an industrial organization promoting factors, and market adjustment factors have a positive driving effect on farmers' green production behavior. And farmers' green production behavior has a positive influence on the quality and safety of agricultural products. Farmers' green production behavior plays an intermediary role between the quality and safety of agricultural products and individual characteristics of farmers, government guidance factors, industrial organization promotion factors, and market regulation factors. The results of the study have guiding significance for ensuring the quality and safety of agricultural products, promoting ecological environmental protection, and sustainable agricultural development under the normalization of COVID-19 prevention and control.
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Introduction

It is crucial to ensure the quality and safety of agricultural products under the COVID-19. As a big agricultural country with a long history of development, China's traditional agricultural production concepts and production methods inevitably affect today's agricultural production. Improper use of agricultural machinery and excessive traditional irrigation patterns have resulted in soil compaction and changes in composition. The development of agricultural production methods that use large amounts of chemical fertilizers and pesticides has greatly weakened the stability and sustainable productivity of the agricultural ecosystem at the cost of huge ecological environment damage, resulting in increasingly serious environmental pollution problems. In particular, the COVID-19 pandemic has affected food safety in China. We should actively face the issue of quality and safety of agricultural products under the normalization of the COVID-19 epidemic, resolutely adhere to the bottom line of agricultural product quality and safety, and collaborate to win the battle against the epidemic.

Farmers' adoption of green production behaviors during the COVID-19 outbreak in China is the key to improving the quality and safety of agricultural products. Farmers' production behavior is a direct factor in determining the quality and safety of agricultural products (1–4); When farmers produce agricultural products, pesticides and fertilizers are used too casually, and some farmers even choose to use various illegal pesticides banned by the government. According to the testing of relevant state agencies, it was found that some farmers used sulfur to smoke their agricultural products, which made the agricultural products look better and facilitated sales or storage. Sulfur is highly toxic, and agricultural products smoked with sulfur are also highly toxic. Frequent consumption of sulfur-smoked agricultural products can lead to gastrointestinal disorders, abdominal pain, dizziness and other symptoms in mild cases, and in severe cases, it will lead to organ failure and even life-threatening. Therefore, the will of farmers plays a greater role in the production of agricultural products. Farmers' production behavior is an important factor affecting the quality and safety of agricultural products. Under the normalization of COVID-19 prevention and control, it is extremely important to actively promote farmers to adopt green production behaviors.

Establishing a multi-factor co-management mechanism under the normalization of COVID-19 prevention and control is an effective way for farmers to actively produce high-quality and safe agricultural products. The goal of comprehensively deepening the modernization of the national governance system and governance capacity can reflect China's transition from “national management” to “national government” and from “management thinking” to “governance thinking”. It is a way to provide useful inspiration to solve the problems of farmer production. At present, China's economic and social development concentrates in a complex environment with multiple centers and interdependence. Most of the agricultural production is dominated by a large number of small-scale and scattered farmers. The government cannot monitor and control farmers' production practices in all directions. The advantages of the market, government, industry and society are complementary. A multi-factor collaborative governance mechanism for farmers' green production behavior under the normalization of COVID-19 prevention and control has been constructed to promote farmers to adopt green production behavior to provide high-quality agricultural products. This is based on theoretical support and reflection from practice (2, 5).

Research on the quality and safety of agricultural products. In 1962, the book “Silent Spring” was published, which caused an uproar. The book proposed that excessive use of DDT pesticides has brought great harm to human health. Reducing the number of pesticides in food should be a way of marketing, just as it should be a moral imperative, which also raises great concern about the dangers of the overuse of pesticides. From the perspective of food science and technology, Professor King from the University of Washington, Howard, a British microbiologist, and Albrent, an American soil scientist, have improved the quality and safety of agricultural products through the cultivation of improved varieties, the improvement of soil environment, and the cultivation of pollution-free organic agricultural products. Other scholars have explored the causes and solutions of agricultural product quality and safety problems from the perspectives of economics, psychology, behavior, and marketing, including research on the external government supervision system for agricultural product quality and safety at the macro-level (6–8). To study the effect of pesticide application behavior of vegetable farmers on the quality and safety of agricultural products from the perspective of micro-subject behavior (1, 9, 10).

Research on pesticide application behavior of farmers. The research on pesticide application behavior of farmers from the micro-level is mainly based on the organization production school represented by Chayanov, the rational small farmer school represented by Theodor Schultz, and the classic farmer behavior theory represented by Huang Zongzhi. One school of thought believes that farmers' behavior is not to pursue the maximization of market profits, but to pursue the balance between consumer satisfaction and labor hardship; The other school believes that farmers' behavior is completely rational, and they make behavioral decisions with the goal of maximizing profits; Another school puts forward the more eclectic commodity smallholder theory, which holds that smallholders are both profit-seekers and subsistence producers, and their decision-making behavior is affected by both economic and non-economic factors (11, 12). Other scholars focus on the purpose, difference, reality, and economy of farmers' pesticide application behavior based on behavioral motivation theory, planned behavior theory, producer behavior theory, game theory, and information asymmetry theory. However, a unified conclusion has not yet been reached (13). Research on the influence of farmers' pesticide application behavior on the quality and safety of agricultural products. A survey report released by the World Health Organization confirmed that the phenomenon of excessive pesticide residues in vegetables is very common worldwide, and the direct factor is the illegal pesticide application behavior of vegetable farmers (14). It has been agreed that farmers' pesticide application behavior is a key factor affecting vegetable quality and safety. Controlling and standardizing vegetable farmers' pesticide application behavior is an important guarantee for vegetable quality and safety (15).

Research on fertilization behavior of farmers. There are economic factors, social factors, and their own internal factors that affect farmers' fertilization decision-making. Farmers' individual characteristics such as gender, age, planting experience, family characteristics, and education level will affect their green fertilization behavior (16–19). Farmers' fertilization is affected by land conditions and will choose fertilization conditions based on land conditions (20–22); Risk perception, green fertilization awareness, and green fertilization motivation have important effects on farmers' fertilization behavior (23, 24). Farmers' fertilization behavior is closely related to the government's attention (17), and the government should strengthen agricultural product quality and safety legislation, establish agricultural product quality and safety supervision agencies, and strictly supervise the behavior of agricultural producers (25). The government needs to reduce regulatory costs, increase agricultural subsidies, achieve full information sharing, increase farmers' additional benefits, and reduce production input costs to increase farmers' enthusiasm for green fertilization (26, 27). Sound high-quality agricultural product sales channels, supporting quality control standards and agricultural product quality traceability systems, and increasing consumer purchases and willingness to pay are favorable conditions that drive farmers to standardize fertilization (28). However, some scholars believe that government policies and regulations have a limited impact on farmers' fertilization behavior, and their standardization, sustainability, and availability need to be improved (14). Farmers provide agricultural products according to market demand, and farmers' production decisions conform to market rationality and are influenced by market regulation orientation (29, 30). The main factors affecting farmers' fertilization behavior are the proportion of farmers' income, the gains and losses of farmland protection, and the economic compensation for implementing protection policies (31). The implementation of subsidies for high-quality agricultural products, high sales prices, and market label certification are the key factors for farmers' green production, and the spillover income has a significant driving effect on farmers' standardized fertilization (32, 33). Awaken the food safety awareness of agricultural producers through social forces, give full play to the supervision role of social forces, and effectively urge producers to improve their fertilization behavior (34). Use online media and mainstream media to publicize and popularize scientific knowledge of agricultural product quality and safety, and promote farmers to standardize fertilization behavior (35).

To sum up, due to differences in political systems, social nature, and agricultural development environments between countries, the factors and driving means that lead to farmers' production behavior are different. While experts stress that implementing multiple drivers of farmers' production behavior in the future, their findings remain at the status quo description and conceptual stage. This study considers that ensuring the quality and safety of agricultural products is a major issue related to economic development and people's livelihood under the normalization of COVID-19 prevention and control. Using the ternary interaction theory, the hypothesis of multiple driving mechanisms of farmers' production behavior based on agricultural product quality and safety is proposed. A large amount of real data is collected through questionnaires, and the model is verified by the structural equation method, which provides scientific management and decision-making basis for solving the quality and safety of agricultural products in public health emergencies.



Research methods and hypotheses


Theoretical foundation

This paper proposes the hypothesis of multiple driving mechanisms of farmers' production behavior based on the quality and safety of agricultural products based on two theories of ternary interaction theory and psychological field theory.

Ternary Interaction Theory. The theory of ternary interaction is a famous learning theory proposed by the famous American psychologist Albert Bandura in the late 1970s by studying children's daily social learning. This finding mainly describes the inter-influence relationship between the three items of individual and environmental behavior. The three items are independent of each other, influence each other at the same time, and thus determine each other. The theory of ternary interaction is also widely used in education, business, decision leadership and medical treatment and other industries.

The interaction of individuals and behavior. People are the main body of behavior. People's attitude, consciousness, ability and cognition can influence and dominate people's behavior levels, so people's behaviors show differences. On the other hand, the result of the behavior gives feedback to the individual, which affects on the individual's consciousness, cognition, and subsequent behavior, thus forming a cycle between the individual and the behavior.

The interaction of the individual with the environment. As a member of the social environment, people do not exist in isolation, but are closely integrated with the surrounding environment. The material exchange, information transmission and energy conversion between people and the environment are constantly carried out, and the dynamic balance is always maintained, forming a dialectical unity relationship that is independent, restricting and interacting with each other, and has become an inseparable whole. Psychological factors such as personality, temperament, and values are not only affected by genetic factors, but also by the environment. Changes in the environment can stimulate people's psychology, affect people's emotions, and even disrupt people's normal activities. At the same time, human life and production activities continue to exert influence on the environment, thereby changing the nature and composition of the environment.

The interaction of behavior and environment. Behavior and the environment are interdependent. The environment not only affects the behavior of the individual, but also is changed by the behavior, that is, the development of the environment changes the behavior of the person, and the environment changes continuously with the exertion of human subjective initiative. When the environment is poor, there will be such a pattern: poor environment → people's psychology is adversely stimulated → disturbed people's actions → negative behaviors are generated. On the contrary, a good environment → stimulates people's favorable emotions → produces positive behaviors. The environment also plays an exemplary role in human behavior. When people are unable to make behavioral decisions, external demonstrative forces play a powerful role. This role is more apparent in authoritative environments, such as the leadership of a unit. Active work and active overtime work are likely to drive the entire company to form a good working atmosphere.



Quality safety of agricultural products and farmers' green production behavior

The quality and safety of agricultural products are derived from the primary products of agriculture, that is, the reliability, usability, and intrinsic value of plants, animals, microorganisms, and their products obtained in agricultural activities. In general, the quality and safety of agricultural products mainly refer to the dual attributes of quality and safety of agricultural products. That is to say, agricultural products have both commodity attributes and value attributes. For example, the appearance, taste, packaging method, and nutritional content of agricultural products all meet certain standards. There are not only requirements for characteristics such as grades, specifications, and quality, but also requirements for the level of hazards to people and the environment. The farmers' green production behavior refers to whether the peasants choose to implement the standardized agricultural production techniques in the process of pursuing the maximization of their own interests, and produce a series of comprehensive behavioral responses in accordance with national standards for the production of qualified agricultural products. According to the positive and negative characteristics of human behavior, the farmers' production behavior can be divided into two categories. One of it is that farmers' green production behavior refers to the behavior of spontaneous production quality of qualified agricultural products. The other is that farmers' non-green production behavior refers to the passive production of quality qualified agricultural products or the unwillingness to produce quality. Farmers' green production behavior includes green pesticide application behavior and green fertilization behavior. Farmers can use cultivated land protection technology, precision fertilization technology, information technology, and biotechnology to precisely control the amount of fertilization, which can increase productivity while ensuring the quality of agricultural products (36). Arabian et al. (37) pointed out that farmers may suffer from cancer due to excessive pesticide exposure, and agricultural products with excessive pesticide application will also affect the health of end consumers. Many scholars' investigations and studies have found that farmers' non-green production behavior not only affects agricultural production, but also brings huge damage to consumers' health. People's long-term consumption of inferior agricultural products will lead to chronic poisoning and increase the incidence of cardiovascular and cerebrovascular diseases, Parkinson's, Alzheimer's, and other diseases. Scholars believe that to ensure the quality and safety of agricultural products, we must start from the source of production to prevent inferior agricultural products from appearing on the dining table, which affects the physical and mental health of consumers (38–40). Based on the above analysis, there are the following hypotheses:

Hypothesis H1: farmers' green production behavior has a positive effect on quality safety of agricultural products.



Individual characteristics and farmers' green production behavior

Individual characteristics mainly involve gender, age, family population, education level, and years of farming. The gender differences in agricultural producers influence their behaviors in pesticide application (41). The factor of age is an important factor that distinguishes between pesticide application quantity and application frequency of agricultural producers. The older the agricultural producer is, the more likely it is to apply higher toxic pesticides (11, 42). Farmers with a higher level of education choose low concentration or standard concentration (15, 43). The annual household income, the number of households and pesticide of agricultural producers have different degrees of influence on the pesticide application behavior at different stages. With higher levels of education have a better understanding of agricultural product safety (44). In addition, the agricultural producers with the richer agricultural experience, the stronger their dependence on personal experience and the greater tendency to overuse pesticides based on past drug habits (45). Farmers with a high level of education can understand the importance of agricultural product safety issues and tend to avoid health threats through the use of fewer pesticides (4). Based on the above analysis, there are the following hypotheses:

Hypothesis H2: Individual characteristics factor have a driving effect on farmers' green production behavior.



Government driving factors and farmers' green production behavior

The government driving factors mainly concern agricultural production laws and regulations, agricultural production standards, agricultural product subsidies, the retrospect of agricultural product quality, information sharing and symmetry, agricultural loans, propaganda and education, agricultural insurance, regulatory penalties, and detection of pesticide residues (7, 33, 46). Compared with developing countries, the actual use of pesticides in developed countries is not optimistic (47); it was found that the traceability of agricultural products can achieve the purpose of effectively reducing the use of pesticides. California government propaganda education can effectively reduce farmers' pesticide application (10). It is a good way for the government reducing regulatory costs, increasing agricultural subsidies, providing agricultural insurance, achieving adequate information, increasing penalties, increasing farmers' extra income, and reducing production input costs (45); This will increase government supervision of farmers' production practices effectiveness. Some scholars believe that the relevant government policies and regulations have limited impact on farmers' green production behavior. Furthermore, their standardization, sustainability and availability need to be further improved (12, 48). Based on the above analysis, there are the following hypotheses:

Hypothesis H3: The government driving factor has a driving effect on farmers' green production behavior.



Industrial organizational driving factors and farmers' green production behavior

The organizational driving factors mainly involve technical training, acquisition agreements, unified supply of agricultural resources, unified defense control, brand strategy, recycling testing, and establishment of protective prices. Many scholars pointed out that whether farmers participate in industrial organizations has an important influence on the regulation of farmers' green production behavior (30, 33). However, most of the scholars who have studied the topic have targeted farmers' professional cooperation organizations (44). The effect of different industrial chain organizational models on farmers' green production behavior was significantly different. The cooperatives farmer households' model was superior to the association farmer household's model and higher than the enterprise farmer household's model. Chinese farmers' professional cooperatives which are transitioning from a loose type to a standardized one are gradually forming a normative organization with a corporate nature. Technical training of farmers' professional cooperatives, supply of agricultural resources, brand strategy, and recycling testing have important impact on farmers' green production behavior (13, 19, 49–51). Farmers' professional cooperatives are important carriers for small scale farmers to meet the challenge of modern market under the existing rural land system. Farmers' professional cooperatives play a decisive role in the farmers' production process (14, 52). Based on the above analysis, there are the following hypotheses:

Hypothesis H4: Industrial organization driving factors have driving effect on farmers' green production behavior.



Market driving factors and farmers' green production behavior

Market driving factors are mainly related to the prices of agricultural products, prices of pesticides, market identification of safe agricultural products, consumer identification, and major uses of agricultural products (29, 53–55). The implementation of the price incentives for market identification certification in Switzerland successfully achieved the pesticide reduction target (8). The mechanism of market factors affecting farmers' production behavior (51). On the one hand, pesticide application reduces the loss of agricultural products output and benefit to farmers when the price of production changes overflows more than the price of pesticides. On the other hand, it can affect the quality and safety of agricultural products and thus affecting their prices, which bring a negative impact on the income. If markets can effectively distinguish the quality difference caused by the pesticide application amount, the greater the price drop of agricultural products caused by pesticide application, the more farmers tend to reduce the pesticides dosage (29). The market sales price of high-quality agricultural products is a key factor for farmers to adhere to sustainable production practices, and spillover benefits have a significant impact on farmers' green production behavior. Based on the above analysis, there are the following hypotheses:

Hypothesis H5: Market driving factors have a driving effect on farmers' green production behavior.



Social driving factors and farmers' green production behavior

The social driving factors mainly concern social public opinion, mass supervision, media propaganda, internet communication, and third-party certification testing (28, 50). The solution to the quality and safety issues of agricultural products requires social forces consisting of propagation of “Agricultural Product Quality Safety Law” through Television stations, radio stations and newspapers and diffusion of agricultural product quality safety with the aid of online media and mainstream media, awakening the awareness of agricultural producers' food safety through social media, and prompting producers to improve their production behavior (29). Organic products and green product certification agencies and other social organizations can conduct third-party certification testing of agricultural product quality (51). In 2018, the Ministry of Agriculture logged a WeChat official account and establish joint propaganda and popular science mechanism to give full play to the positive role of social subjects in the process of governance of farmers' production behavior. Based on the above analysis, there are the following hypotheses:

Hypothesis H6: Social driving factors have a driving effect on farmers' green production behavior.



Intermediary role of farmers' green production behavior

According to the ternary interaction theory, the environment affects individual psychological characteristics and individual psychological characteristics affect human behavior (24, 56) The technical training, the agricultural system supply, the brand strategy and the recovery test of the farmers' professional cooperative have an important influence on the farmer's production behavior. Farmers' professional cooperative is an important carrier to deal with the challenge of modern market under the existing rural land system, and the farmers' professional cooperative plays an important role in the process of farmers' production (9, 13). The influencing factors of pig farmers' safety production decision making shows that the farmers' professional cooperative is more closely connected with the pig farmers, and the management factors of farmers' professional cooperative has an impact on the safety production target and the safety production cognition of the pig farmers. Based on the above analysis, there are the following hypotheses:

Hypothesis H7: farmers' green production behavior plays an intermediary role between quality safety of agricultural products and driving factors.



Hypothesized model construct

Based on the above research hypothesis, the conceptual model of this study is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Hypothesized model.





Research methodology


Population and sample

This study is based on the quality and safety of agricultural products, and the entry point of agricultural producers' selection of farmers' production behavior based on the quality and safety of agricultural products. Through the questionnaire method, a combination of stratified design and random sampling was adopted, and typical agricultural provinces of Shandong, Henan and Sichuan were selected as representatives (Shandong has the highest arable land rate in China and is a major agricultural province in China, and its agricultural added value has long ranked first among all provinces in China. The cultivation of grain crops in Shandong includes typical crops such as winter wheat, corn, sweet potato, soybean, and rice; The area of arable land in Henan Province ranks second in China, and it is one of the three provinces and regions in China whose grain output exceeds the 30 million tons mark. Its wheat output ranks first in China, and it is one of the main soybean producing areas in China; Sichuan Province has a three-season farming system. The output of grain crops accounts for 65% of the total planting area. The main crops are rice, wheat, corn, potatoes, soybeans, etc., and the planting advantages are obvious). The field survey time was from January 2019 to June 2019. The population of Shandong Province was 101 million, the population of Henan Province was 99 million, and the population of Sichuan Province was 84 million. There are 51 prefecture-level city administrative districts under the jurisdiction of Shandong, Henan and Sichuan provinces as sampling cities (districts). Randomly sample 1–2 townships in each city (district), randomly sample 1 administrative village in each township, and randomly select about 10 farmers in each administrative village who have experience in fertilizing and applying pesticides. Seven hundred questionnaires were collected through face-to-face interviews, WeChat voice interviews, online questionnaires and mailings, among which 27 invalid questionnaires were screened out, and 673 valid questionnaires were obtained, with an effective rate of 96.1%. The specific survey results are shown in Table 1.


TABLE 1 Basic information sheet.
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Survey instrument

The scale of this research: (1) Quality safety of agricultural products refer to the research results of Zhou Jiehong, Wang Jianhua and so on, the revised scale has 3 items (1r ate of eligible agricultural products, 2 quality level of agricultural products); (2) Farmers' green production behavior refer to the research results of Zhou Jiehong, Wang Jianhua and so on, and the revised scale includes 6 items (3 regulating production behavior, 3 regulating production awareness); (3) Farmer characteristics factors refer to the research results of Zhou Jiehong, Wang Haitao, Wang Jianhua, and the revised scale includes 5 items; (3 physiological characteristics, 2 plant features); (4) Government driving factors refer to the research results of Zhou Jiehong, Wang Haitao, Wang Jianhua, the revised scale has 6 items (3 government restraint factors, 3 government motivation factors); (5) Industrial organization driving factors refer to the research results of Zhou Jiehong, Wang Haitao, Wang Jianhua, the revised scale has 5 items (3 organization restraint factors, 2 organization motivation factors); (6) Market driving factors refer to the scale of the research results of Zhou Jiehong, Wang Haitao, Wang Jianhua, the revised scale includes 4 items (2 market restraint factors, 2 market motivation factors); (7) Social driving factors refer to the research results of Zhou Jiehong, Wang Haitao, Wang Jianhua, the revised scale has 5 items (2 social restraint factors, 3 social motivation factors) (51, 52). All scales were measured by Likert 1–5 scale, from 1 (totally disagree) to 5 (totally agree). The specific list is shown in Table 2.


TABLE 2 List.
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Data analysis

This research uses IBM SPSS Statistics Software 22 and LISREL10 software statistical analysis software to analyze the collected data. The data analysis mainly includes homologous deviation test, reliability and validity test, descriptive statistical analysis, hypothesis effect test.




Research results


Control and test of homologous deviation

Harmanda factor test showed that the first principal component was 20.4% when unroasted by Harmanda factor test, and the problem of homology is small and negligible.



Test of reliability and validity

The reliability test mainly refers to Cronbachs'a coefficient. The Cronbachs' a coefficient of each scale in Table 3 is >0.7. The Kaiser-Mayer-Olkin (KMO) metric value is 0.854, which is >0.8, Bartlett's spherical test P-value is <0.01, indicating that the sample is suitable for factor analysis. The validity of the scale was tested from the content validity, convergence validity and discriminate validity (57, 58). The data showed that the factor loadings of each driving factor were all above 0.5, and the T values all reached a significant level, indicating that the data had high convergent validity. The correlation coefficient method is used to determine the degree of correlation between the driving factors, and to determine that the significant relationship between the two is significant. The specific verification results are shown in Table 3.


TABLE 3 The reliability and validity.

[image: Table 3]



Descriptive statistical analysis

Table 4 provides the statistics of mean value, standard deviation and variance. The main variables in the hypothesis are all relevant, as shown in Table 4.


TABLE 4 The descriptive and correlation analysis results.
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Hypothesis effect test

The effect test on the main variable is shown in Table 5.


TABLE 5 The verification hypothesis effect.
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Regression analysis of characteristics factors on farmers' green production behavior. In model A1 and A2, the regression coefficients of physiological characteristics for regulating production behaviors and regulating production awareness are, respectively (β = −0.139, P < 0.05) and (β = −0.572, P < 0.01). In model A3 and A4, the regression coefficients of plant features for regulating production behaviors and regulating production awareness are, respectively (β = 0.351, P < 0.01) and (β = −0.255, P < 0.05).

In model A5 and A6, the regression coefficients of government motivation factors for regulating production behaviors and regulating production awareness are respectively (β = 0.466, P < 0.01) and (β = 0.158, P < 0.05). In model A7 and A8, the regression coefficients of government restraint factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.703, P < 0.01) and (β = 0.636, P < 0.01).

In model A9 and A10, the regression coefficients of organization restraint factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.590, P < 0.01) and (β = 0.377, P < 0.05). In model A11 and A12, the regression coefficients of organization motivation factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.408, P < 0.01) and (β = 0.515, P < 0.01).

In model A13 and A14, the regression coefficients of market restraint factors for regulating production behaviors and regulating production awareness are, respectively (β =-0.493, P < 0.01) and (β = 0.534, P < 0.01). In model A15 and A16, the regression coefficients of market motivation factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.664, P < 0.01) and (β = 0.479, P < 0.01).

In model A17 and A18, the regression coefficients of social restraint factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.364, P < 0.05) and (β = 0.379, P < 0.05). In model A19 and A20, the regression coefficients of social motivation factors for regulating production behaviors and regulating production awareness are, respectively (β = 0.322, P < 0.05) and (β = 0.296, P < 0.01). In summary, hypothesis H1, H2, H3, H4, and H6 are established.

Government driving factors and farmers' green production behavior do regression analysis on agricultural product quality security. After the model B5, B6 are added to the model A5, A6, the regression coefficients of regulating production behavior to rate of eligible agricultural products and quality level of agricultural products are, respectively (β = 0.463, P < 0.01) (β = 0.684, P < 0.01) (β = 0.628, P < 0.01) (β = 0.678, P < 0.01), government restraint factors to rate of eligible agricultural products and quality level of agricultural products are, respectively (β = 0.361, P < 0.01) (β = 0.099, P < 0.01), but the regression coefficient decreases (59). The result indicates that the farmers' green production behavior plays a partial intermediary role between government driving factors and agricultural product quality security. The discriminate coefficient F=38.6 and 30.5. In turn, the model B7, B8 are added to the model A7, A8; the model B9, B10 are added to the model A9, A10; the model B11, B12 are added to the model A11, A12; the model B13, B14 are added to the model A13, A14; the model B15, B16 are added to the model A15, A16; the model B17, B18 are added to the model A17, A18; the model B19, B20 are added to the model A19, A20, show that farmers' green production behavior plays an intermediary role between quality safety of agricultural products and driving factors. Hypothesis H7 is established. Other results of the research are shown in Table 5. The mediation effect diagram is shown in Figure 2.


[image: Figure 2]
FIGURE 2
 Mediation effect map.





Discussion and conclusion


Discussion

Under the normalization of COVID-19 prevention and control in China, the green production behavior of farmers is affected by many factors. The structural equation model analyzed the related data, and found that the individual characteristic driving factors, the government driving factors, the organization driving factors, the market driving factors and the social driving factors were positively related or negatively related to the farmers' green production behavior, based on the quality and safety of agricultural products. The following factors are analyzed from different driving factors.

For individual driving factors, among the individual driving factors, the age of agricultural producers is negatively related to the agricultural producers according to the production quality and safety, and the marital status is negatively related to the dependent variables and has an indirect relationship with the age. There is also a negative correlation between the cultivated area of arable land owned by agricultural producers and the quality and safety of agricultural products produced by agricultural producers. In order to save time and effort, it will rely more on the use of pesticides and high-efficiency chemical fertilizers, resulting in the quality and safety of agricultural products. The planting cost is positively correlated with the dependent variable. When the planting cost of the agricultural producer is higher, it means that the farmers will pay more attention to the quality and safety of agricultural products. In terms of individual characteristics, although the gender factor of farmers in this study did not have a certain impact on farmers' production behavior, many scholars believe that gender is an important factor affecting farmers' production behavior, and that men choose to plant safety in farmers' production behavior. The willingness to produce agricultural products is higher than that of women. Doss (60) analyzed the impact of gender on improving crop varieties and management systems in African countries, and concluded that males were more inclined to choose superior varieties than females in selecting varieties. Kishor (61) selected 325 men and 109 women in Nepal to study pesticide use knowledge and behavior, and found that men's pesticide use safety and awareness levels were higher than women's, resulting in a lower risk of pesticide application. Other experts and scholars have reached similar conclusions. Abhilash and Singh (1) found in a study of pesticide application behavior in India that farmers, without the awareness of scientific production, ignored health and environmental hazards while pursuing pest control and yield increase. Farmers' awareness affects their pesticide use behavior. Therefore, farmers' age, planting area, planting cost, gender and awareness will affect farmers' production behavior, which in turn affects the quality and safety of agricultural products.

For government driving factors, whether the government does tax on agricultural producers is negatively related to agricultural producers in accordance with the standard production quality and safety. It shows that the more serious the government's tax is, the lower the agricultural producers' willingness to standardize the production quality and safety of agricultural products. Whether the agricultural producers are punished for the uneasy production of agricultural products is positively related to the agricultural producers in accordance with the standard production quality and safety. It shows that the agricultural producers pay attention to the economic benefits. When the quality of the production of the agricultural products is not up to the standard, the agricultural producers will pay attention to the production of the quality and safety of the agricultural products. In terms of government-driven factors, although only taxes and penalties are related to farmers' production behavior in this study, some scholars have received government-designated laws, regulations and training that have an impact on farmers' production behavior. Abhilash and Singh (1) believes that in the process of farmers producing agricultural products, the government strictly implements various laws and regulations in the application of pesticides, which can play a certain regulatory role in the production, distribution and application of pesticides. The government's training of agricultural producers will play a certain driving role in the process of farmers' production of agricultural products. Hruska and Corriols (62) trained 1,200 corn farmers in Nicaragua, and in the following 2 years, the farmers' behavior and future after the training were analyzed. The behavior of trained farmers was compared and found that trained farmers used fewer pesticides, spent less on pest control, and gained greater economic benefits. Therefore, taxation, penalties, laws and regulations, and training among the government-driven factors affect farmers' production behavior, which in turn affects the quality and safety of agricultural products.

For industrial organizational driving factors, in the organization driving factors, the organization of unified training is positively related to the agricultural products of safety and safety of farmers' safety, indicating that farmers understand the relevant knowledge of the quality and safety of agricultural products, and the agricultural producers are willing to take the initiative to choose the only quality and safe agricultural products. There is a positive correlation between the rules and regulations of organizational management and the quality and safety of agricultural products produced by agricultural producers in accordance with the specifications. In terms of organizational driving factors, this study found that the rules and regulations of unified training and organizational management have a positive impact on the quality and safety of agricultural products, but some scholars have also studied that the atmosphere of civil organizations has an impact on the quality and safety of agricultural products. Rola and Pinglai (63) and other studies on the impact of pesticide use on rice yield and farmers' health believe that improving farmers' experience and lessons through training will enable farmers to more rationally assess yield losses related to pests and diseases. Therefore, farmers are encouraged to use fewer pesticides, improve rice safety and protect farmer's health and the quality and safety of agricultural products. Once the advanced cooperative management culture is formed, it will arouse the strong interest of farmers in learning, and can effectively improve the production skills and comprehensive quality of farmers, thereby mobilizing farmers' initiative, enthusiasm and creativity, and encouraging farmers to implement green production behaviors (64, 65). Therefore, organizational training and organizational atmosphere affect the quality and safety of agricultural products by affecting farmers' green fertilization behavior.

For Market driving factors, the market supervision of agricultural product quality is positively correlated with the production of quality and safe agricultural products by agricultural producers according to regulations, indicating that the greater the market supervision is, the more farmers will regulate their own production behavior, and the higher the quality and safety of agricultural products produced. The smooth sales channels of high-quality agricultural products are positively correlated with the production of quality and safe agricultural products, indicating that agricultural producers pay attention to the sales channels of safe agricultural products. When safe agricultural products have an advantage in sales channels, farmers are willing to produce quality and safe agricultural products. In terms of market driving factors, another scholar, Wollni, found that since participating in the organic market can improve farmers' returns, the market has a promoting effect on the increase of investment in conservation agriculture and can promote farmers to carry out green production. Burton R believes that profitable agricultural environmental protection programs may be more effective in changing farmers' behavior in the long run. Illukpitiya and Gopalakrishnan (32) believes that there is a positive correlation between farmers' income and farmers' land protection behavior. The higher the farmers' farming income, the higher the price of high-quality agricultural products given by the market, and the more willing they are to invest more in land protection to obtain high-quality agricultural products. Therefore, the market supervision of agricultural product quality, the smoothness of sales channels, market investment and sales income affect farmers' green production behavior and thus affect the quality and safety of agricultural products.

For Social driving factors, there is a negative correlation between public opinion and agricultural producers' production of quality and safe agricultural products according to specifications, indicating that agricultural producers do not choose to produce quality and safe agricultural products because of public opinion on safe agricultural products. The online publicity of the quality and safety of agricultural products is positively correlated with the production of quality and safe agricultural products by agricultural producers according to specifications, indicating that the media publicity has a greater impact on agricultural producers' choice of producing quality and safe agricultural products, and the media's influence on agricultural producers is far greater than that of the public. Public opinion on safe agricultural products. At the same time, the impact of agricultural extension services on green production behavior, and agricultural extension services will have an impact on the adoption of agricultural technologies. Once high-tech is adopted, it will improve agricultural productivity and reduce the intake of harmful substances to a certain extent (34). When the social non-agricultural labor market is very developed, farmers are more confident in facing agricultural risks, so farmers will increase the input and application amount of chemical fertilizers and pesticides, which will cause a greater burden on cultivated land, and the residues of pesticides and fertilizers are harmful to health (66). To sum up, the development of public opinion, media publicity, agricultural extension services and the non-agricultural labor market will affect farmers' green production behavior, which in turn affects the quality and safety of agricultural products.



Conclusion

Integrated consideration of the normalization of COVID-19 prevention and control as a public health event. Through the ternary interaction theory, the green production behavior of farmers is studied, and the driving factor model of agricultural product quality and safety is constructed. Qualitative research shows that farmers' green production behavior has a positive impact on the quality and safety of agricultural products. Farmers' characteristic factors, government-driven factors, industrial organization-driven factors, market-driven factors and social-driven factors have a positive impact on farmers' green production behavior. The green production behavior of farmers plays an intermediary role between the quality and safety of agricultural products and the driving factors. Quantitative research shows that age, marital status and planting area among farmers' characteristic factors are negatively correlated with farmers' green production behavior. The younger, unmarried, and small farmers pay more attention to green production behavior, which will promote the improvement of the quality and safety of agricultural products; Among the government driving factors, the taxation of agricultural producers is negatively correlated with farmers' green production behavior, that is, the more government tax, the lower the willingness of farmers to green production behavior, which is not conducive to the improvement of agricultural product quality and safety. Punishment of farmers who produce inferior agricultural products is positively related to farmers' green production behavior, that is, punishment will regulate farmers' production behavior, promote their green production, and help improve the quality and safety of agricultural products; The organizational unified training and organizational management rules and regulations in the driving factors of industrial organization are positively correlated with farmers' green production behavior. That is, the training enables farmers to understand the relevant knowledge of the quality and safety of agricultural products, and the rules and regulations of organization and management regulate farmers' production behavior. Promote the quality and safety of agricultural products by improving their willingness and behavioral norms for green production; Among the market driving factors, market supervision and smooth sales channels of high-quality agricultural products are positively correlated with the quality and safety of agricultural products. That is, the more formal and smooth the sales channels of agricultural products are under market supervision, the higher the willingness of farmers to choose green production behaviors, and the improvement of the quality and safety of agricultural products; Among the social driving factors, public opinion is negatively correlated with the quality and safety of agricultural products, that is, the more negative public opinions on the safety of agricultural products, the less farmers are willing to carry out green production, and the quality of agricultural products will decrease. There is a positive correlation between online publicity and the quality and safety of agricultural products, that is, the more media publicity at the social level, the more willing farmers are to carry out green production to improve the quality and safety of agricultural products. Based on the above conclusions, it can be seen that improving the quality and safety of agricultural products requires the society, the government, the market, and organizations to jointly drive the evolution of farmers from non-green to green production behaviors. It is necessary to establish a multi-agent-driven strategy under the normalization of COVID-19 prevention and control so that farmers can evolve from non-green production behavior to green production behavior from multiple perspectives and levels. Specific recommendations are as follows:

The COVID-19 outbreak is the most serious public health emergency China has suffered. It is necessary to treat the epidemic from the perspective of protecting national security and stabilizing social development and to recognize the importance of establishing a guarantee mechanism for agricultural products in public health emergencies. Therefore, a multi-subject driving mechanism for farmers' production behavior based on the quality and safety of agricultural products should be established to improve the enthusiasm and enthusiasm of agricultural producers to produce high-quality and safe agricultural products. Encourage active learning of the relevant knowledge and advanced technologies of safe agricultural products, enhance the understanding of standardized production of agricultural products with quality and safety, and improve the safety awareness of standardized production of agricultural products. The government should strengthen the publicity and education of relevant parties and the supervision of the quality and safety of agricultural products. For the government, first of all, it should undertake the responsibility of agricultural product safety education. Increase the popularization and publicity of agricultural product safety knowledge, and provide agricultural producers with corresponding knowledge or skill training on pesticide and chemical fertilizer application on a regular basis. In order to improve agricultural producers' understanding of the risks that different pesticide and chemical fertilizer application methods may cause to the safety of agricultural products, and to enhance agricultural producers' awareness of safe production. Let agricultural producers clearly know that frequent or large application of pesticides and fertilizers will cause pesticide residues and farmland pollution, and clearly understand what quality and safe agricultural products are produced. Secondly, strengthen the supervision of the circulation links under the normalization of COVID-19 prevention and control, strictly enforce the law, and establish a corresponding incentive mechanism. So that agricultural producers can earn real benefits from the production of quality and safe agricultural products in accordance with the specifications. Thereby reducing the randomness of agricultural producers in producing agricultural products at the source, and guiding agricultural producers to scientifically produce quality and safe agricultural products. Farmers should take the initiative to strengthen the awareness of producing quality and safe agricultural products. For agricultural producers, they should actively learn the application knowledge of various pesticides and chemical fertilizers and receive relevant skills training. In order to continuously improve their own cultural quality and scientific and technological level, enhance the understanding of the standardized production of quality and safe agricultural products, and reduce the risk of agricultural production safety. In addition, it can also expand its own external environmental conditions through cooperation and alliances, and enhance its ability to respond to the market. And try to obtain comprehensive and accurate agricultural product market information from various formal channels to improve their decision-making level and management ability. So as to occupy a favorable position in the agricultural product market. Mobilize the community's attention to the quality and safety of agricultural products. In this way, the society can effectively supervise the quality and safety of agricultural products, so that agricultural products with quality and safety problems can be discovered and dealt with in a timely manner. To sum up, in order to promote the development of green agriculture, the government should take the lead in increasing integration of technology, demonstration and promotion, and personnel training. And accelerating the popularization of several advanced and applicable green agricultural technologies in the field of agricultural production, to ensure that green production methods can be truly implemented and achieve sustainable development. Guided by market demand, the increase of green and high-quality agricultural products shall be placed in a prominent position, the industrial structure reform shall be promoted, and the consumption needs of the people for safety, quality, nutrition, and health shall be met. Use green agricultural machinery to integrate the concept of agricultural green development into all aspects of agricultural production and operation. Therefore, to ensure the quality and safety of agricultural products under the normalization of COVID-19 prevention and control, it is necessary to establish a multi-agent driven mechanism for farmers' green production behavior.



Research limitations

There are only three provinces where the representative objects selected in this study are located, which has certain limitations. Based on this research, the research sample can be further expanded to study the driving factors of farmers' green production behavior covering different types of arable land and different crop types and the driving factors of farmers' green production behavior in other provinces in China. To explore the driving factors of farmers' green production behaviors and their driving models for the quality and safety of agricultural products in a wider range of different arable land types and different regions. It provides a useful reference for improving the quality of arable land, agricultural products and promoting sustainable agricultural development in China.
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