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Dietary diversity is an important indicator used to measure family dietary quality and food safety status. Against the backdrop of the transformation of China’s agricultural production model from a diversified, small-scale approach to specialization, this paper presents a comprehensive investigation into the complex interrelationship between crop specialization and dietary diversity. It employs a multi-method approach, integrating theoretical insights with empirical evidence. The analysis is based on a micro-survey of 866 rural households, utilizing mediation, moderation, and unconditional quantile regression model. The results indicated that crop specialization had a notable negative impact on dietary diversity, particularly among II part-time and mountainous households. Further analysis of the mechanisms involved reveals that income exerts a mediating effect, while education and market factors exert a moderating effect. Such factors may serve to mask or reduce the negative effects of crop specialization on dietary diversity. In the reality that the trend of production specialization is irreversible, government interventions to ensure dietary diversity and food security for rural households, particularly II part-time households and those in mountainous regions, can be implemented in three key areas: income support, education enhancement, and market access improvement.
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1 Introduction

In the face of the complex international situation and extreme climates on the food safety of the global population, particularly the rural vulnerable people, how to ensure that rural residents achieve the “Zero Hunger” development goal has drawn unprecedented attention and concern (Chen et al., 2023; Langer et al., 2024; FAO, IFAD, UNICEF, WFP, WHO, 2024). China has 477 million farmers, and its rural area are the largest weak points of national economic and social growth, which are facing more severe food insecurity problems (Yu et al., 2017). According to the Agricultural and Rural Development Notes of World Bank, farmers’ crop production strategies are closely connected with their household food security (Hawkes and Ruel, 2008). Internationally, dietary diversity is an important indicator used to measure family dietary quality and food safety status (Jones et al., 2014; Tchuente et al., 2024), while crop production strategies in a broad sense mainly include two types of crop specialization and corresponding diversification. Among them, crop specialization reflects agricultural specialization from a micro perspective. As specialized labor division in China’s agricultural production is enhanced and the extent of marketization of agricultural products is improved, most farmers have gradually shifted from the conventional diversified production pattern to the specialized production of crops (Luo, 2017; Huang et al., 2019); a series of policies promulgated by the Chinese government are also actively encouraging farmers to engage in specialized production of crops. There is no denying that from the perspective of classical economics, emerging classical economics, and traditional agricultural economic theories (Yang and Ng, 1993; Schultz, 1993), crop specialization can strengthen farmers’ production efficiency and income via the effect of “practice makes perfect.” Thus, this paper mainly focuses on the following questions:


i. In the context of China’s agricultural transformation towards specialization, what impact does crop specialization have on farmers’ dietary diversity?

ii. What role does farmers’ income play in this?

iii. Are there any other factors besides farmers’ income that play a role in this?
 

Currently, China has completely realized the poverty alleviation target with “do not worry about food” as the central requirement, but “eating enough” is insufficient to guarantee that the residents have enough nutrition and health, and a balanced and diverse diet plays a key role in this (Pellegrini and Tasciotti, 2014). According to the classic thesis proposed by Ellis earlier, a diversified production pattern is an optimal approach for small farmers in developing countries to guarantee the survival and security of their families in the face of severe external shocks (Ellis, 1998). In practice, production diversification is regarded as the agricultural development strategy in developing countries like Thailand, Zambia, and Bangladesh (Mofya-Mukuka and Hichaambwa, 2018; Rahman, 2009; Kasem and Thapa, 2011). Consequently, the academic community mainly starts from the view-angle of crop production diversification to analyze how crop production strategies influence the dietary diversity of farmers. Therefore, this paper incorporates both types of crop production strategies into the research scope and systematically reviews the relevant literature on how crop specialization or diversification affect farmers’ dietary diversity. Pellegrini and Tasciotti (2014) and Jones et al. (2014) found that while the vast majority of farmers rely on crop production and management to maintain household livelihood security and dietary diversity, few studies have examined the relationship between the two. Given this, they examined the impact of crop diversification on farmers’ dietary diversity based on cross-sectional data of farmers in eight developing countries, revealing that crop diversification has a significant positive impact on farmers’ dietary diversity. In other words, crop specialization reduces dietary diversity. Subsequently, the same conclusion was reached in empirical research by Ecker (2018) based on the 2006 and 2013 residential living survey data in Ghana, Tobin et al. (2019) based on the cross-sectional data of farmers in 11 sub-Saharan African countries, Sekabira and Nalunga (2020) based on the three rounds of farmer survey data in Uganda from 2009 to 2012, and Isbell et al. (2024) based on the Demographic and Health Survey (DHS) data from 10 sub-Saharan African countries.

Nevertheless, the associations between crop diversity and dietary diversity have also been found to vary significantly by country (Nandi et al., 2021). For example, Sibhatu et al. (2015) based on the farmer household survey data from 4 developing countries, found that while crop diversification positively affected the dietary diversity of farmers in Indonesia and Malawi, it had no impact on the dietary diversity of farmers in Kenya and Ethiopia, This revealed that the positive relationship between crop diversification and farmers’ dietary diversity is not universal. In this regard, Berti (2015) pointed out that the selection of the measurement method of crop diversification in Sibhatu et al.’s paper was the major cause of the uncertainty of the relationship between the two. Sibhatu and Qaim (2018) further used several measurement methods such as a simple counting method and a food group score method to conduct empirical tests. They clarified that different measurement methods indeed induce uncertainty in the impact of crop diversification or specialization on farmers’ dietary diversity. Other scholars have found through research on farmer household survey data in Kenya and Burkina Faso that the correlation between crop specialization and farmers’ dietary diversity is not negative or uncertain, but irrelevantt (Ng’endo et al., 2015; Lourme-Ruiz et al., 2016). In addition, some studies have shown that crop specialization can improve farmers’ dietary diversity. For example, Chinnadurai et al. (2016) using data from a national sample survey in India, noticed that the diversified production of vegetable crops exerts a significant adverse influence on farmers’ dietary diversity, indicating that the specialization of vegetable crop production will make farmers’ diets more diversified. Argyropoulou (2016) focused on a group of children in rural northern Ghana, and the results also showed that crop specialization can significantly enrich the dietary diversity of rural children.

In general, there are rich research results on the relationship between crop specialization (or diversification) and farmers’ dietary diversity, providing an important reference for this paper, but there are still some deficiencies. First, the research conclusions drawn by various literature using micro-data of farmers in different countries or different index measurement methods still vary dramatically. No consensus has been reached on whether crop specialization or diversification is the best strategy to ensure farmers’ dietary diversity and achieve the “Zero Hunger” development goal, so further discussions are needed. Second, effectively ensuring the dietary diversity of Chinese residents, who take up a high proportion of the global population, especially the Chinese rural residents, is crucial to the realization of the “Zero Hunger” development goal at the global level. However, in the context of China’s rapid agricultural transformation towards specialization, little research has explored the impact of crop specialization on farmers’ dietary diversity based on a sample of Chinese farmers. In recent literature, although Huang et al. (2019) analyzed the relationship between farmers’ planting and breeding diversity and farmers’ dietary diversity based on 395 farmer household survey data, unfortunately, they failed to further clarify how the specialization of crop production (or diversification) affects farmers’ dietary diversity. Third, as socialization and commercialization trends of agricultural production become more prominent in China and even in the world, farmers can influence the purchase of family food through the income obtained from the sale of agricultural products (Hawkes and Ruel, 2008). This unveils that income can play a certain indirect role in the process of crop specialization affecting farmers’ dietary diversity, but existing studies often solely pay attention to the direct relationship between the two and ignore the indirect role of income. Furthermore, education (Abokyi et al., 2023; Adugna et al., 2024) and market (Nandi et al., 2021; Kihiu and Kydd, 2021) also have important effects on dietary diversity, but the role of these factors in the relationship between crop specialization and dietary diversity have also been ignored in existing research. Finally, in the empirical strategy, the existing literature mainly applies the linear mean regression model to explore the average impact of crop specialization on farmers’ dietary diversity. There is no mention of the heterogeneity of the effects of crop specialization on farmers at different dietary diversity quantiles or different groups within a group under virtual translational transformations.

This paper intends to enrich the existing research from the three perspectives listed below. To begin with, with the micro-survey data of crop growers from the rural survey team of the Hubei Survey Team of the National Bureau of Statistics of China (HRST) as samples, this paper used Feasible Generalized Least Squares (FGLS) and Unconditional Quantiles Regression (UQR) estimation method to comprehensively examine the average effect of crop specialization on household dietary diversity and the heterogeneity of the impact across quantiles. Second, the farmers were grouped according to the terrain features of the villages and the production types of the farmers, and the grouped estimation and Seemingly Uncorrelated Model Test (SUEST) method was applied to analyze the realistic scenario of the disparity in the influence of crop specialization on dietary diversity of various groups among the farmers. Third, this research introduced farmers’ income, education and market as mediating or regulating variables in the theoretical analysis framework of sustainable livelihoods, and constructed a test model of mediating and moderating effects, thereby deeply exploring the internal impact mechanism and action path of crop specialization on farmers’ dietary diversity. The research in this study can provide decision-making reference for promoting the process of crop specialization in China, ensuring the food security of farmers and taking the lead in realizing the development goal of “Zero Hunger” of the United Nations.

The rest of the paper is organized as follows: Section 2 is the theoretical framework and research hypothesis of the research; Section 3 is the research design; Section 4 is the estimated results of the model; Section 5 is the discussion and presentation of the research shortcomings and future research directions; Section 6 is the conclusion.



2 Research hypotheses

The theoretical framework of sustainable livelihoods proposed by Scoones (1998) and the Department for International Development (DFID, 1999) provides a good analytical tool for understanding and analyzing how crop specialization affects farmers’ livelihoods. As suggested by sustainable livelihood theory, household livelihood outcomes are affected by household livelihood capital and livelihood strategies. This research argues that the agricultural production strategy of crop specialization will exert a direct or indirect impact on the dietary diversity of farmers’ livelihood outcomes, particularly for small farmers whose major livelihood is crop production and management. Moreover, the Agricultural and Rural Development Notes of World Bank claimed that the production of food crops for direct household consumption is the major way in which agricultural production activities influence farmers’ dietary diversity (Hawkes and Ruel, 2008), as farmers mainly eat crops directly produced by themselves (Lourme-Ruiz et al., 2016). Nevertheless, limited by the given resource endowments (labor, land, etc.), farmers can only conduct a limited range of production activities. In this way, when farmers specialize in the production and operation of one or several crops, it will have a “crowding-out effect” on the input of other crops, leading to a decline in the category of food produced by farmers for direct family consumption. This indicates that the absence of a diversified agricultural production system will reduce farmers’ dietary diversity (Sibhatu et al., 2015), and on the contrary, the rise in crop specialization extent will improve this diversity.

Furthermore, the Agricultural and Rural Development Notes of World Bank also suggested another way that agricultural production activities influence farmers’ household diversity, namely, the income drawn from selling agricultural products influences the purchase of family food (Hawkes and Ruel, 2008), but only if crop specialization can bring about more economic benefits for farmers (Sekabira and Nalunga, 2020; Habtemariam et al., 2021). Consequently, it remains a question whether crop specialization can improve farmers’ income. Based on the analytical framework of emerging classical economics (Yang and Ng, 1993; Schultz, 1993; Yang, 2000), the specialized development level of farmers’ crop production is divided into three phases: self-sufficiency, partial specialization, and complete specialization.

As shown in Figure 1 (where n represents the number of crops grown, F denotes an individual farmer), it is assumed that there are only four farmers who are both producers and consumers in the economic system, Each farmer chooses to grow four crops (to simplify the analysis, this paper does not consider agriculture production seasonality and multiple cropping issues) and, has a diversified consumption tendency to consume these four crops. In the self-sufficiency state of Figure 1a, each farmer consumes only the four crops he or she produces. At this time, the level of production specialization of each farmer is very low, there is no market in the whole society, farmers do not trade with each other, the family is in a closed-type small-scale peasant economy of “men farming and women weaving,” falling into the “low-level equilibrium trap.” According to emerging classical economics (Yang and Ng, 1993; Schultz, 1993; Yang, 2000), a low level of specialization corresponds to a low level of productivity and income. Under the partial specialization state manifested in Figures 1b,c, the number of crops grown by each farmer changed from 4 to 3 or 2. At this time, the level of production specialization of farmers has been lifted, the agricultural product trade market has grown from nothing, and the agricultural productivity of farmers and the income level of planting have been improved to a certain extent. In the state of complete specialization in Figure 1d, each farmer only grows one crop with a comparative advantage, and the production specialization of each farmer, the degree of marketization of the society, and the degree of economic integration have been dramatically enhanced. This is the same case for farmers’ agricultural productivity and planting income level, which have also increased. Thus, with the rising of the crop specialization extent, farmers will acquire higher income to purchase diverse food from the agricultural product market. Through this process, a “substitution effect” can be generated for the food given up by farmers due to specialized production, thereby continuing to maintain and improve the intake of diverse nutrients in the family.

[image: Figure 1]

FIGURE 1
 The evolution of the level of crop specialization.


From the above exploration of the “crowding-out effect” and the “substitution effect” of crop specialization on the number of food categories consumed by farmers, this paper makes the hypotheses below:


H1: The influence of crop specialization on farmers’ dietary diversity is not certain.

H2: Crop specialization can exert an indirect impact on farmers’ dietary diversity by improving farmers’ income.
 

In addition, since heterogeneity is common in social science research, even if different individual units in the same population have certain commonalities, there are still significant differences in their specific characteristics (Sun and Chen, 2019). Especially in the context of the continuous widening of development gaps between regions and groups in China, there are bound to be disparities in the livelihood capital or livelihood background of different groups within farmers, leading to the heterogeneous influence of crop specialization on the dietary diversity of different households. As pointed out by Sibhatu and Qaim (2018) and Habtemariam et al. (2021), the relationship between crop production and dietary diversity are mixed and context-specific. So, what factors are causing the difference in results? We believe that education and market are two important factors. Theoretically, increased education is expected to have an enhanced dietary knowledge and shape the food consumption habits of the households (Abokyi et al., 2023). Also, more educated households are more likely to use the internet and other sources such as mobile phones, and other communication methods to access more and relevant nutrition and health knowledge that could guide their food choices and consumptions (Hou et al., 2021). The market is another factor that can play an important role for farm households who act as both sellers and buyers of food and other agricultural commodities (Koppmair et al., 2017). On the one hand, increased market access and involvement in market activities enable smallholder farmers to sell a portion of their harvested crops and use the proceeds to acquire more diverse food (Hawkes and Ruel, 2008). On the other hand, residents who reside near markets have easier access to a wider variety of foods throughout the year (Morrissey et al., 2024), thereby regulating or altering the intensity of the impact of crop specialization on household dietary diversity. Therefore, this paper proposes the following hypothesis:


H3: There is significant heterogeneity in the effect of crop specialization on the dietary diversity of different households.

H4: Education and market accessibility have moderating effect on the relationship between crop specialization and dietary diversity, which can alter the intensity of the impact of crop specialization on dietary diversity.
 

To sum up, the conceptual framework for the relationship between crop specialization and farmers’ dietary diversity can be represented in Figure 2. This conceptual framework strictly complies with the core viewpoints of the theoretical framework of sustainable livelihoods and points out the directness, indirectness, and heterogeneity of the impact of farmers’ adoption of crop-specialized production strategies on household dietary diversity in the context of the transformation of agricultural production methods.

[image: Figure 2]

FIGURE 2
 The conceptual framework for the association between crop specialization and dietary diversity.




3 Materials and methods


3.1 Data

This paper uses the rural household micro-survey data collected by HRST from 56 counties and cities in Hubei Province in 2016. Previous research has introduced the acquisition, contents, and management of this data (Chen and Ravallion, 1996), and used the data to analyze farmers’ nutritional intake (Sun et al., 2022). In this survey, stratified random sampling method and daily bookkeeping method were utilized to collect data. When selecting farmers, 1–7 villages in each county and 8–12 households in each village were selected. In 2016, a total of 2,564 households were investigated, and a wide range of data indicators were collected. Compared with other database, this survey data could address the “seasonal deviation” issue caused by the cyclical characteristics of agricultural production (Sibhatu and Qaim, 2017), and it could better address the “recall bias” issue that potentially exists when applying the 24-h retrospective approach or the food frequency approach to gather data.

The survey is based on the sampling method of the national population census, which includes all households in the sample box. However, the main purpose of this paper is to explore the impact of farmers’ livelihood strategies on their household livelihood outcomes, that is, the impact of crop specialization on household dietary diversity (Figure 2). For farmers who are no longer engaged in crop production, there is no relationship between their family dietary diversity and crop specialization. Therefore, in order to accurately identify the net effect and mechanism of crop specialization on household dietary diversity, this paper classifies farmers into four categories [Pure agricultural households, I part-time households, II part-time households, and Non-agricultural households refer to households where the proportion of income from the primary industry in their net income is (80%, 100%], (50%, 80%], (20%,50%], and [0,20%], respectively] based on the classification method adopted by the Ministry of Agriculture and Rural Affairs of China, firstly, Non-agricultural households in the database are excluded, followed by the exclusion of households where crop production income accounts for <50% of the household’s primary industry income. After multiple rounds of screening, 866 valid observation samples are finally obtained for this paper. In addition, we also illustrate the selection of the research sample through Figure 3.

[image: Figure 3]

FIGURE 3
 Selection of research sample.


According to the survey caliber of HRST, the types of crops planted by farmers included fall into 19 categories: wheat, rice, corn, sorghum, other grains, sweet potatoes, potatoes, other tubers, soybeans, other legumes, cotton, vegetables, melons and fruits, sugar crops, peanut, sesame, rapeseed, sunflower, and other oil crops. Table 1 shows the crop planting types and sown area of the sample farmers. In terms of the crop planting types of the sample farmers, the farmers who choose to grow vegetables are the most, accounting for 83.49% of the total number of sample farmers, followed by rice, rapeseed, corn, wheat, and other crops. Regarding the per capita crop sown area of the sample farmers, the per capita sown area of rice, wheat, corn, and other crops is larger, which are 0.81, 0.58, and 0.40 hectares, respectively, accounting for 53.73, 29.67, and 27.86% of the total sown area of household crops. For the vegetables that farmers generally plant, their per capita planting area and proportion to the total planting area of household crops are 0.04 hectares and 6.19%, respectively, revealing that most farmers currently plant a small number of vegetables mainly for self-sufficiency.



TABLE 1 Crop planting types and sown area of sample farmers.
[image: Table1]

HRST collects food data (including self-produced food for self-use and food purchased from the market) according to food categories and by way of bookkeeping. Among them, the food categories included in this paper mainly include 10 broad categories and 40 specific categories. Table 2 demonstrates the food consumption of the sample farmers throughout the year. It can be seen that grain crops are their main food source, and the average annual consumption of the households reaches 442.51Kg, taking up 39.23% of the total consumption. Concerning the total number of food categories consumed by the sample farmers, the average number of food categories consumed by the households per year is 21.29. Moreover, from the grouping situation, the variance of the categories of food consumed by farmers in various village terrain feature groups and production type groups is significant at the 1 and 5% levels, revealing significant differences in the number of food categories consumed by different groups within farmers. Specifically, the number of food categories consumed by farmers in mountainous area and I part-time households is below that of farmers in plains and hills, as well as pure agricultural households and II part-time households.



TABLE 2 Status of food consumed by sample farmers unit: kg, %.
[image: Table2]



3.2 Model


3.2.1 Mediation effect model

According to the previous theoretical analysis and research hypothesis, and referring to the existing research of Argyropoulou (2016) and Habtemariam et al. (2021), this paper sets up the following measurement models to test the direct and mediating effects of crop specialization, farmers’ income and farmers’ dietary diversity:

[image: image]
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In Equations 1–3, [image: image] is the crop specialization level of the [image: image] farmer; [image: image], represent the dietary diversity and total household disposable income of the [image: image] farmer; [image: image], [image: image], [image: image], [image: image], [image: image]are the five major livelihood capitals, namely human capital, natural capital, physical capital, financial capital and social capital, which affect farmers’ livelihood results (referring to farmers’ dietary diversity in this article) in the DFID sustainable livelihood theoretical analysis framework; where, [image: image], [image: image], [image: image] are the parameters to be estimated, respectively, [image: image], [image: image] and [image: image] are the random error terms of each model. Regarding the test method and judgment criteria of the mediation effect, this paper adopts the Causal Steps Approach proposed by Baron and Kenny (1986) and is widely used for analysis, and the specific analysis process will not be repeated here.

In the process of investigating the impact of crop specialization on farmers’ dietary diversity and its mechanism, the problem of data heteroscedasticity is the primary measurement problem. In order to overcome the estimation bias caused by using traditional Ordinary Least Squares (OLS) in the presence of heteroscedasticity, according to the suggestion of Reed and Ye (2011), Feasible Generalized Least Squares (FGLS) was used to estimate the above benchmark model. This method can allow the existence of heteroscedasticity and autocorrelation in the data, which is very suitable for the analysis of farmer household micro-survey data.



3.2.2 Moderation effect model

In order to test whether education and market can moderate the impact of crop specialization on farmers’ dietary diversity, this paper constructs the following moderation effect model by adding interaction terms between education and crop specialization, and market and crop specialization based on Equation 1:

[image: image]
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In Equations 4, 5, [image: image] and [image: image] are the education level and market accessibility of the [image: image] farmer, respectively. The meaning of [image: image] is same as Equation 1, and [image: image] includes the five major livelihood capital in Equation 1. [image: image] and [image: image] are the parameters to be estimated, and [image: image] and [image: image] are the random error terms of each model. [image: image] is the interaction term between education and crop specialization, and [image: image] is the interaction term between market and crop specialization. If the parameters to be estimated for these interaction terms are statistically significant, it indicates the presence of a moderating effect. The estimation method for the aforementioned model remains FGLS.



3.2.3 Unconditional quantile regression model

Both OLS estimation and FGLS estimation are conditional mean regression, which describe only the average influences among variables, and cannot deeply analyze the heterogeneity influence of crop specialization on farmers with different dietary diversity levels. In order to solve this problem, this paper further uses the Unconditional Quantile Regression (UQR) model proposed by Firpo et al. (2009) to comprehensively investigate the effect of crop specialization on the [image: image] quantile of the [image: image] unconditional distribution of household dietary diversity under virtual location Shift. UQR assumes that each influencing factor [image: image] including crop specialization (that is, all independent variable in Equation 1) is exogenous, and the basic definition is as follows:

[image: image]

In Equation 6, [image: image] is the recentralization influence function corresponding to the [image: image] quantile of [image: image] and [image: image] represents the unconditional quantile of the level of dietary diversity of farmers.




3.3 Variable


3.3.1 Dependent variable

Farmers’ dietary diversification is the dependent variable. Referring to the approach of Min et al. (2019), the Shannon Index (SI) was used as a variable to measure dietary diversity at the household level. According to the definition, assuming that the total number of food types (including self-produced and purchased food) evenly consumed by household [image: image] is [image: image], then the Shannon index of household [image: image] is:

[image: image]

In Equation 7, [image: image]([image: image]) represents the proportion of the consumption of the nth food category to the total food consumption of farmer [image: image] in the whole year, and its logarithm is [image: image], in which the larger the[image: image], the richer and more diverse the farmers’ diets, and the higher the level of dietary diversity.



3.3.2 Independent variable

Crop specialization is the independent variable. Currently, the academic community utilizes the Herfindahl Index (HI) to reflect agricultural specialization or diversification (Mofya-Mukuka and Hichaambwa, 2018; Chinnadurai et al., 2016). The HIi uses the square sum of the proportion of the sown area [image: image] of each crop in farmer [image: image] to the total sown area [image: image] to express the level of crop specialization (see Equation 8). The value range of [image: image] is between 0 and 1, and the smaller the value, the lower the level of crop specialization; otherwise, the greater the value. If the value of [image: image] is 1, it means that the farmer only grows one type of crop.

[image: image]



3.3.3 Mediating variable

The farmer’s income is the mediating variable, and it may be collected directly from the farmer’s household survey data. It should be emphasized that the income of farmers includes cash income (before deducting production expenses), total income (before deducting production costs), and disposable income, according to the statistical standards of the HRST’s rural survey team. Among these, disposable income, also known as net income, can better reflect farmers’ living standards and consuming ability. As a result, the statistical quality of disposable income is used as a mediating variable in this work.



3.3.4 Moderating variables

Education and market are the moderating variables in this paper. Among them, education is measured by the education level of the household head. Although the education level of the mother might be a better indicator (Abokyi et al., 2023), research has also demonstrated that the educational level of the household head similarly exerts a significant influence on household livelihood strategies and outcomes (Vo, 2024). Market is proxied by the distance from home to the nearest market, and it is unquestionable that a shorter distance to the market facilitates easier access to a more diverse array of foods, thereby promoting dietary diversity (Nandi et al., 2021; Kihiu and Kydd, 2021).



3.3.5 Control variables

According to the analytical framework of DFID sustainable livelihood theory, this study uses the five major livelihood capitals of farmers as other control variables that affect dietary diversity in farmers’ livelihood outcomes. Referring to the practice of existing research (Gu et al., 2016), this paper selects indicators such as the size of the permanent resident population to represent the human capital status of the farmer, and the quantity of household durable goods and the type of toilets to represent the physical capital. The total area of farmland actually operated represents natural capital, and the status of household deposits and loans, as well as gift expenditures such as family weddings and funerals, represent the financial capital and social capital owned by farmers. The description and descriptive statistics of all variables are shown in Table 3.



TABLE 3 Definitions and descriptive statistics of variables.
[image: Table3]





4 Results


4.1 Baseline regression

Using Stata17.0 software, the estimation results of the benchmark model are presented in Table 4. During the estimation process, regression 1 in Table 4 only examines the marginal impact of the crop specialization level, the core independent variable on farmers’ dietary diversity and regression 2 involves other control variables. Evidently, the estimated coefficients of the sample farmers all reach a significant negative level. This means that the crop specialization of the sample farmers significantly adversely affects farmers’ dietary diversity. In other words, the greater the extent of farmers’ crop specialization, the smaller the extent of farmers’ dietary diversity, which echoes relevant research (Jones et al., 2014; Tobin et al., 2019). Regression 3–5 reported the estimation results of farmers’ dietary diversity at the low quantile (Q25), the middle quantile (Q50), and the high quantile (Q75) under the unconditional quantile regression, respectively. It is clear that except for the high quantile (Q75), crop specialization has a significant negative effect on farmers’ dietary diversity at both the low quantile (Q25) and the middle quantile (Q50). Moreover, the absolute value of the estimated coefficient is larger at the low quantile (Q25), suggesting the more prominent adverse influence of crop specialization on farmers with low levels of dietary diversity. That is, from the perspective of dietary diversity, crop specialization is a production decision detrimental to farmers with low dietary diversity levels.



TABLE 4 Estimated results of the impact of crop specialization on farmers’ dietary diversity.
[image: Table4]

As for other control variables, farmland size had a significant positive impact on the dietary diversity of farmers at the 1% statistical level in both FGLS mean regression and UQR. Clearly, the larger the farmland management area of farmers, the higher the level of farmers’ dietary diversity, indicating that large-scale land management is indeed a vital way to enhance farmers’ dietary diversity. The livelihood capital variables such as population size and toilet type are only significant in the FGLS mean regression or the low (Q25) and middle quantiles (Q50), and the impact on farmers in the high quantiles (Q75) is not statistically significant. For farmers with a higher level of dietary diversity, their dietary diversity is no longer affected by the above-mentioned changes in livelihood capital.



4.2 Robustness testing and endogeneity treatment

In order to ensure the robustness of the above estimation results, this part adopts the method of replacing the core independent variable, the dependent variable and the estimation model to test. Specifically, referring to existing research, the maximization index (MI) was used to replace the HI to measure the level of crop specialization as the core independent variable; adopt a classification method for the dependent variable, and replace the household dietary diversity with a dichotomous variable with a mean boundary (a value greater than or equal to the mean is set to 1, and a value less than the mean is set to 0), and the Probit model is selected to estimate it according to the processing method of the dependent variable. Table 5 reports the results of the robustness test of the substitution variables and model.



TABLE 5 Robustness test results.
[image: Table5]

The estimation results of Table 5 regression 1, which only replaces the HI, show that the coefficient value of the MI is consistent with the benchmark model estimation results in terms of sign and significance, indicating that crop specialization does have a negative impact on farmers’ dietary diversity. Regression 2 simultaneously replaces crop specialization, household food diversity, and regression models, and it should be pointed out that the coefficient values directly estimated by the probit model do not have economic meanings in the usual regression sense, such as OLS or FGLS. Therefore, referring to the practice of previous studies (Greene, 2018), regression 3 gives the marginal effect value transformed by the Probit model [regression result (2)], and the results show that after replacing variables and models, crop specialization also had a negative impact on farmers’ dietary diversity at a significant level of 5%. The estimation results (4–6) of the UQR also showed that, in addition to the high quantile (Q75), crop specialization has a significant negative effect on farmers’ dietary diversity at both the low quantile (Q25) and the middle quantile (Q50), and the absolute value of the estimated coefficient is larger at the low quantile (Q25). To sum up, it can be seen that the estimation results of the benchmark model will not change with the changes of the independent variable, the measurement methods of the dependent variable, and the model, indicating that the main conclusions above are robust to a certain extent.

In addition, it is undeniable that endogeneity is an important measurement issue that cannot be ignored in empirical research. Generally speaking, the sources of endogeneity mainly include three aspects: measurement error, omitted variables and simultaneous causality. This article uses HRST’s micro-survey data of farmer households. The basic data of this survey comes from survey households’ bookkeeping and survey personnel’s household visits. At the end of each quarter, the investigators will code, enter and review the sample information, accounting data and questionnaire data of the surveyed households, which effectively avoids measurement errors during the data collection process, and the data quality is high; moreover, the results of the robustness test show that the measurement method of replacing the core independent variable and the dependent variable will still not affect the main conclusions of the benchmark regression part, so this part can eliminate the measurement error type endogeneity problem.

For the endogeneity problem caused by omitted variables and simultaneous causality, this paper uses the bounding argument method (Oster, 2019) and simultaneous equation method (Wang, 2016) to test, and the results are shown in Table 6. Among them, the test results of omitted variables show that the [image: image]-value of the ratio between the selection of non-observable variables and the selection of observable variables is −7.4048, and its absolute value is >1. According to the suggestions put forward by Oster (2019), it can be considered that the model in this paper does not have endogeneity problems caused by missing variables. The results of the simultaneous causality test show that the coefficient of the residual value [image: image] is significant at the 1% level. According to the test criteria of the simultaneous equation method, it is shown that crop specialization and diet diversity are causality to each other, that is, the model in this paper has the endogeneity problem caused by the simultaneous causality.



TABLE 6 Endogeneity test results.
[image: Table6]

In order to overcome the estimation bias caused by endogenous, the two-stage least squares method (IV-2SLS) and generalized quantile regression method (IV-GQR) with the introduction of instrumental variables were used to estimate the benchmark model. This paper selected the aggregation data —crop specialization index at village level— as an instrumental variable. It is one of the most common ideas to use instrumental variables from regional agglomeration data to solve endogenous problems (Porter, 2024). Before using instrumental variable analysis, the effectiveness of village-level crop specialization of instrumental variable should be tested, including underidentification test and weak instrumental variable test. The test results are shown in Table 7 (lower part). According to the validity criteria of instrumental variables, there is no problem of unrecognizable and weak instrumental variables in the selected instrumental variables. Table 7 (upper part) reports the estimated results of IV-2SLS and IV-GQR. It can be observed that after overcoming the endogeneity problem, the estimated coefficient values of crop specialization are always statistically significant and negative on mean regression (FGLS or IV-2SLS), low quantile regression (Q25), and middle quantile regression (Q50), which suggests that crop specialization does have a negative impact on dietary diversity.



TABLE 7 Endogenous test results: IV-2SLS and IV-GQR estimates.
[image: Table7]



4.3 Heterogeneity analyses based on grouping of farmers

The above confirms that crop specialization has a significant negative impact on dietary diversity, especially for low quantile farmers. In the context of the continuous expansion of development imbalance between regions and groups in China, further analysis of the impact of crop specialization on the dietary diversity of different groups within farmers has important reference value for the government to formulate targeted policy measures. Therefore, this part adopts the grouping estimation method to compare and analyze the farmers according to the production type (including pure agricultural households, I part-time households, II part-time households, and non-agricultural households), and village terrain features (including plains, hills, and mountainous areas). It should be noted that, since the differential impact of crop specialization is only judged by simply comparing the estimated value of the coefficient and its significance level between different farmer groups, and lack of statistical test support, on the basis of grouping estimation, the method of Seemingly Uncorrelated Model Testing (SUEST) model was used to test the difference of regression coefficients. The results of group estimation and coefficient difference test are shown in Table 8.



TABLE 8 Estimated results of farmers’ grouping.
[image: Table8]

The regressions 1–3 in Table 8 show the estimated results grouped by farmers’ production types. The results show that crop specialization has a significant negative impact on I part-time households and II part-time households at the statistical level of 5 and 1%, respectively, but the effect on pure agricultural households is not significant. As far as the absolute value of the estimated coefficient is concerned, the absolute value of the estimated coefficient of the II part-time households group is larger. From the test results of the coefficient difference between groups, the group difference between II part-time households and pure agricultural households passed the 5% statistical test, which indicates that crop specialization has a stronger negative effect on the dietary diversity of II part-time farmers than the pure agricultural household group.

In this paper, dietary diversity is measured based on the dietary status of the resident population in the household. For II part-time households, also known as non-agricultural part-time households, the resident population of the family is the left-behind population (mainly including left-behind women, children, and the elderly), whose are relatively disadvantaged groups arising from the rapid development of China’s new urbanization and industrialization (Min et al., 2019). One possible reason for the greater negative impact of crop specialization on their dietary diversity is that, compared with pure agricultural households, the education level (including nutritional knowledge) of the resident population such as women, children and the elderly in II part-time households is not high. Education changes the intensity of the impact of crop specialization on dietary diversity, that is, education plays a moderating effect in it. Of course, further testing is needed to verify whether education does indeed have a moderating effect.

Regression 4–6 gives the estimation results grouped by village terrain features. It can be seen that the estimation coefficient in mountainous areas is significant at the level of 1%, and the absolute value is also the largest. At the same time, from the results of inter-group coefficient difference test, mountains and plain, mountain and hills all passed the statistical test, which indicates that crop specialization has different effects on the dietary diversity of farmers with different village terrain features, and the negative impact on mountainous areas is the largest. A possible reason is that markets play a moderating role. The typical feature of mountainous areas is that the transportation is not convenient enough, the marketization level of agricultural products is not high, and the distance from home to market is also far, which makes it difficult for farmers in mountainous areas to conveniently obtain various kinds of food through the market. As a result, mountain farmers cannot buffer or mitigate the negative impact of crop specialization on dietary diversity through the market as effectively as those in plain and hills areas. Similarly, whether the market has a moderating effect still requires further examination.



4.4 Mechanism analyses

After identifying the causal relationship between crop specialization and dietary diversity, as well as the heterogeneity of its impact, in order to further clarify the complex relationship and underlying mechanisms between the two, we will next test the mediating effect of income and the moderating effects of education and market based on the model established in Part Three. Firstly, the Causal steps approach was used to test whether the income of farmers played a mediating role in the impact of crop specialization on their dietary diversity. The results are shown in Table 9 (the upper part), and the regression results (1–2) in Table 4 need to be discussed together in the analysis process.



TABLE 9 The results of the mediation effect test of farmers’ income.
[image: Table9]

First of all, without considering the mediating variable, it can be seen from the regression results (1–2) in Table 4 that the regression coefficient [image: image] of crop specialization is statistically significant whether or not the control variable is added, so it can be transferred to the follow-up test. Then, the Equations 2, 3 are estimated and the coefficients [image: image] and [image: image] are tested in turn, and the regression results (1–2) in Table 9 are the estimation of the Equation 2. The results show that the regression coefficient [image: image] of crop specialization is significantly positive at the 1% level whether or not the control variable is added, indicating that crop specialization has a significant positive impact on farmers’ in9667come. The regression result (3) in Table 9 is an estimation of Equation 3, indicating that [image: image] is still significantly positive at the 1% level, so the complete mediation effect test can be carried out at this time. According to the judgment criterion of mediating effect, the regression coefficient [image: image] of crop specialization in regression result (3) is significantly positive at the level of 1%, indicating that farmers’ income has played a partial mediating effect in the impact of crop specialization on farmers’ dietary diversity. The sign of [image: image] is opposite to that of [image: image], so the mediating effect of farmers’ income here is a masking effect, that is, farmers’ income can alleviate the negative impact of crop specialization on farmers’ dietary diversity through indirect effects.

In addition, although the Causal steps approach is the most popular analytical method to test the mediation effect, in recent years, it has also been criticized and questioned more and more for rationality and validity. Some scholars even called for the application of the nonparametric Bootstrap method with higher test potency instead of the Causal steps approach. Therefore, in order to ensure the reliability of the results of the mediation effect test, the nonparametric Bootstrap method was further used to test the masking effect of farmers’ income. According to the different ways of estimating confidence intervals, the nonparametric Bootstrap method can be divided into the nonparametric percentile Bootstrap method and the bias-corrected nonparametric percentile Bootstrap method. In this section, the number of repeated sampling is set to 5,000 times, the confidence interval is 95%, the estimation results of the nonparametric percentile Bootstrap method and the bias-corrected nonparametric percentile Bootstrap method are shown in Table 9 (lower part). It can be seen that no matter which confidence interval estimation method is adopted, the confidence intervals of the direct effect, indirect effect (i.e., masking effect) and the ratio of indirect effect to direct effect do not contain 0. Therefore, it can be concluded that farmers’ income plays a masking effect on the negative impact of crop specialization on farmers’ dietary diversity, that is, it alleviates the negative impact of crop specialization on farmers’ dietary diversity. From the specific value of the point estimate, it can be seen that the masking effect of farmers’ income accounts for 25.10% of the direct effect.

According to the testing method of moderation effects, this section incorporates the interaction terms between education level and crop specialization, as well as between market accessibility and crop specialization, into the regression model. The test results are shown in Table 10. As can be observed, the estimated coefficients of both interaction terms are significant at the 5% level and positive, indicating that there is a positive moderating effect between education level and market accessibility. In other words, improving education level and market accessibility can reduce the negative impact of crop specialization on dietary diversity, and vice versa. This result also supports the research hypothesis 3 proposed in this paper, as well as the explanation in the heterogeneity analysis section that crop specialization has a greater negative impact on both II part-time households and mountainous households.



TABLE 10 The results of the moderating effect test of education and market.
[image: Table10]




5 Discussion

Admittedly, the relationship between crop specialization or diversity and dietary diversity is mixed and context-specific (Sibhatu and Qaim, 2018; Habtemariam et al., 2021), and a few studies found that crop specialization is a livelihood strategy that is beneficial for improving farmers’ dietary diversity (Argyropoulou, 2016; Chinnadurai et al., 2016). However, this paper uses data from Chinese farmers demonstrates that crop specialization reduces farmers’ dietary diversity, which is consistent with other studies using survey data from developing countries (Ecker, 2018; Sekabira and Nalunga, 2020; Isbell et al., 2024; Morrissey et al., 2024).

With the development of socialization and marketization of agricultural production in China, agricultural households are inevitably involved in a highly open and specialized division of labor system, and the trend of farmers getting rid of the traditional “small-scale and diversified” production mode and entering the development track of modern agriculture cannot be reversed. It is no longer realistic to maintain or increase the level of crop diversification. Therefore, in order to ensure the food security of farmers and achieve the development goal of “Zero Hunger” of the United Nations, what we should do is to ascertain, as much as possible, which groups will suffer greater negative impacts from crop specialization, and what the potential mechanisms of crop specialization affecting dietary diversity are, so that governments can implement more targeted interventions.

Through the heterogeneity analysis, we found that crop specialization would have a greater negative impact on II part-time households and mountainous households. Among them, most of the permanent residents of II part-time households are left-behind women, children and the elderly, and most of the rural farmers in mountainous areas are in a relatively poor state. They are all vulnerable groups in China, so more and more people begin to pay attention to the food safety and health problems of such groups (Min et al., 2019; Wang et al., 2024). After all, if the health of all people cannot be guaranteed, comprehensive prosperity is impossible. Through further mechanism analysis, it was found that income has a mediating effect on the impact of crop specialization on dietary diversity, which is consistent with the basic viewpoint of classical economics that higher specialization leads to higher production efficiency and income (Yang and Ng, 1993; Schultz, 1993; Yang, 2000), and higher income enables farmers to purchase a wider variety of foods (Hawkes and Ruel, 2008; Abokyi et al., 2023), thus masking the negative effects of crop diversification on household dietary diversity.

Education and the market have a moderating effect on the impact of crop specialization on dietary diversity. Although some studies suggest that there is no correlation between the market and dietary diversity (Jones, 2017; Curtin et al., 2024), more scholars have found that both education and market not only enhance farmers’ subjective willingness to consume diversified foods (Hou et al., 2021; Abokyi et al., 2023; Sato et al., 2024), but also provide them with the objective convenience to do so (Koppmair et al., 2017; Morrissey et al., 2024), thereby reducing the negative impact of crop specialization on dietary diversity.

It should be noted that there are some limitations in this paper. First of all, due to the limitation of data, this paper only uses the survey data of Hubei Province, China, and the scope of investigation should be expanded in the future research. However, it is undeniable that Hubei Province is a typical agricultural province in China (Sun et al., 2022), with a total area of 185,900 square kilometers and a total population of 58.38 million, with plains, hills and mountains accounting for 20, 24 and 56% of the total area, respectively. In 2023, the tertiary industrial structure of Hubei Province was 9.1:36.2:54.7, which was generally in line with the national industrial structure (7.1:38.3:54.6). Additionally, the urbanization rate was 65.47%, which was also basically consistent with the national average level (66.16%). The aforementioned characteristics of Hubei Province render the principal findings of this study of significant reference value for other regions of China.

Furthermore, although this paper analyzes the mechanism of income, education and market between crop specialization and dietary diversity at both theoretical and empirical levels, this is only a preliminary exploration. Consequently, further questions need to be addressed. For instance, what is the effect of income generated through crop specialization on dietary diversity? Are the education levels of household heads and market accessibility the most appropriate indicators for representing education and market? What other potential mechanisms, beyond those already discussed, may influence the relationship between crop specialization and dietary diversity? These are also directions for our future research and discussion.



6 Conclusion

Dietary diversity is an important indicator used to measure family dietary quality and food safety status (Jones et al., 2014; Tchuente et al., 2024). In the context of the transformation of China’s agricultural production model from “small-scale and diversified” to specialization, this paper systematically studies the complex relationship between crop specialization and dietary diversity from both theoretical and empirical aspects based on the micro-survey data of farmers collected by HRST in 56 counties and urban areas. It was found that crop specialization had a significant negative effect on dietary diversity, especially on II part-time households and mountainous households. Further mechanism analysis shows that income has mediating effect, education and market has moderating effect, which could mask or reduce the negative effects of crop specialization in the process of affecting diet diversity.

In the reality that the trend of production specialization is irreversible, government intervention measures can be carried out from three aspects to ensure the dietary diversity and food safety of rural households, especially II part-time households and mountainous households. Firstly, by implementing the rural household income doubling plan, we can broaden their sources of income and enable farmers to have sufficient purchasing power to buy a diverse range of foods. Secondly, improve the education level of rural households. For the left-behind women and the elderly who are responsible for cooking in II part-time households, informal education channels such as television and short videos on mobile phones can also be used to promote dietary nutrition knowledge and guide them to establish diverse dietary habits. Thirdly, improve market access conditions. It is necessary to optimize the spatial layout of rural agricultural markets and supermarket outlets, especially in mountainous regions, and enhance transportation conditions between farmers and these outlets. This will enable all farmers to conveniently purchase various types of food needed for their households, thereby reducing the negative effects of crop specialization.
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