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Abstract

:

Specialization may lead to higher income for small-scale farmers but comes with increased risks, while diversification can mitigate risks and foster agricultural sustainability. Considering the influences of complex risks and farmers’ subjective risk aversion, the decision for small-scale farmers to specialize in citrus cultivation or diversify with multiple crops remains uncertain. There is currently limited understanding of this issue among citrus smallholders in rural China. This study aims to fill this empirical gap by examining the impact of smallholder farmers’ subjective risk aversion on their choice between citrus monoculture and crop diversification. It utilizes a subjective risk assessment approach that incorporates farmers’ risk perceptions and risk attitudes towards citrus farming. Farm crop diversification is assessed through the utilization of both the count index and Shannon index. The empirical analysis employs survey data obtained from citrus growers in Guangxi, China, and applies an instrumental variable regression method with endogeneity consideration using the IV-Probit model and 2SLS model estimation. The results reveal that both risk perceptions and risk attitudes play important roles in citrus smallholders’ land allocation decisions. Specifically, citrus farmers who perceive higher risks and adopt risk-averse attitudes are statistically more inclined to engage in land use diversification practices, including the practice of growing citrus as well as other crops, which contributes to reducing the risks of citrus farming and promoting local environmental conservation. These results contribute to a better scholarly comprehension of the relationship between risk perceptions, risk attitudes, and crop diversification among small-scale citrus farmers. They provide valuable insights for enhancing the sustainability of land use systems with citrus farming while also emphasizing the importance of maintaining essential diversification in small-scale farming throughout the process of agricultural modernization.
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1. Introduction


China is the world’s largest citrus-producing region and boasts the largest agglomeration of smallholders in agriculture worldwide. For smallholder citrus farmers, specialized and moderately sized cultivation represents a crucial approach for enhancing agricultural revenue [1]. Since the reform and opening up of China in 1978, the agricultural sector has been dominated by smallholders who operate within the household contract responsibility system, which has observed significant growth in the past few decades. Meanwhile, rapidly rising off-farm wages due to industrialization continue to attract farmers towards employment opportunities in urban areas, rendering small-scale farming financially less attractive. Consequently, scale upgrading, in terms of land transfer, is developing rapidly to obtain higher returns. With the wide diffusion and rapid adoption of modern technologies, Chinese citrus production is increasingly characterized by monocultures of commercial citrus cultivars. However, the high returns of specialized cultivation are often accompanied by higher agricultural risks as compared to diversified cropping [2]. Additionally, the rapid development of increasingly specialized intensive farming poses new challenges for biodiversity and sustainable agricultural development [3]. In fact, agricultural diversification is emerging as a viable solution for enhancing food security and addressing sustainability issues in intensified agriculture [4]. Thus, in smallholder citrus-farming systems, striking a balance between economies of scale, risks, and sustainability is becoming an important question that cannot be overlooked and deserves timely investigation.



Guangxi Autonomous Region (a province equivalent) is the largest citrus-growing region in China, with approximately 613,000 hectares of citrus cultivation. In recent decades, citrus growers have increased significantly, with many farmers converting their crops from cereals to citrus in pursuit of higher agricultural returns. While citrus cultivation has boosted farmers’ incomes and the regional rural economy in the last decade, it may also lead to the loss of agrobiodiversity and ecological issues [5]. Citrus is a perennial crop that usually needs 3–5 years to bear fruits, and this relatively long investment cycle exposes smallholders to potential risks, such as volatile citrus prices or serious plant diseases (e.g., the Huanglongbing disease) [6,7]. Despite the leading role that citrus plays in Guangxi, many small-household farmers only use part of their land for citrus cultivation and retain land to grow diversified crops, according to the farm household survey conducted in this study. It is not surprising that farming is susceptible to both climate and market risks, given that small farmers often resort to crop diversification as a means of managing such challenges [8]. Therefore, crop diversification plays a natural insurance role for smallholders [9,10], who are generally risk-averse [11,12]. Many farmers are not willing to engage in high-risk, high-return agricultural production investment and are cautious about investment on a larger scale, new technologies, and the adoption of new varieties [2,12]. Therefore, risk perceptions and risk attitudes of farmers may be key reasons for farmers’ crop diversification [13], which require scholarly understanding.



Based on the empirical literature, it appears that past occurrences of extreme risk events can motivate crop diversification [14,15,16]. Thus, risk perceptions and risk attitudes are often used to interpret farmers’ decision making, including land transfer and farm scale investment [2,17], fertilizer and pesticide use decisions [9,18], willingness to pay agricultural insurance, and capacity for coping with climate change [16,19]. While this literature is growing, the existing studies generally center on a certain driver or constraint of crop diversification while presenting little evidence regarding possible impacts of considering risk perception and risk preference jointly, especially their roles in land use for citrus specialization and crop diversification. Moreover, risk perceptions and risk attitudes are closely linked to farmers’ decision-making processes, necessitating careful disentanglement in order to gain a more accurate understanding of their effects on various on-farm diversity outcomes. Therefore, it is crucial to promptly address these gaps. The measurement of farmers’ risk perception and risk preferences can be effectively carried out using Likert scales and lottery choice experiments [11,20,21,22,23,24,25]. Additionally, the level of diversification at the farm level can be evaluated through well-established methods such as the Shannon index and count index [26,27,28,29]. These approaches lay the foundation for further research establishing quantitative relationships between these three factors.



The objective of this study is to empirically examine the potential correlations between the risk perceptions, risk preferences, and land use decisions of citrus farmers with regard to the choice of citrus specialization or crop diversification. We employ a comprehensive rural household survey conducted in Guangxi Province, a significant agricultural area located in Southern China. Due to the karst topography of Guangxi, the land is fragmented and many small farmers grow citrus and other crops simultaneously. Therefore, Guangxi presents an ideal context for our study due to its significance in the cultivation of citrus crops. We postulate that farmers’ risk preferences and perceived risks in regard to citrus farming play critical roles in land use decision making, where risk-averse farmers with higher perceived risks tend to opt for diversified land use. This research aims to enhance our comprehension of smallholder citrus farmers’ crop diversification strategies in China and similar contexts. The findings of this study can contribute to the empirical literature on the association between subjective risk perceptions, attitudes, and decision making in relation to specialized or diversified land use choices for horticultural crops.



The rest of this article is structured as follows. Section 2 presents the theoretical analysis framework. Section 3 describes the data sources, research design, and empirical methods. Section 4 reports estimation results from baseline models, as well as robustness tests. Section 5 discusses potential policy implications. Finally, Section 6 concludes the study.




2. Theoretical Analysis Framework


2.1. Risks and Challenges Faced by Small Farmers in the Context of Globalization


In the context of globalization, small-scale farmers are confronted with a multitude of risks and challenges that significantly impact their livelihoods. Firstly, market volatility poses a major threat. Globalized markets are subject to fluctuating prices, currency exchange rates, and unpredictable demand. The market prices are increasingly influenced by the international market, intensifying the competition and threats from imported agricultural products, which further amplify market risks [30]. These uncertainties and the uncertain international economic environment can lead to financial instability and reduced profitability for small farmers [31,32]. Another challenge is the limited access to crucial resources, and unequal competition further exacerbates the challenges faced by small farmers. Small farmers often struggle to secure adequate land, water, credit, and modern technology. Without access to these essential resources, they face difficulties in improving their productivity and competitiveness on the global stage [33]. However, large-scale commercial agricultural enterprises often possess greater financial resources, economies of scale, and market power. As a result, small farmers find it challenging to compete on equal terms, making it difficult for them to establish a sustainable market presence [34]. Moreover, the consequences of climate change and environmental pressures compound the risks for small farmers. Globalization intensifies the impacts of erratic weather patterns, natural disasters, and environmental degradation on agricultural production. Small farmers are particularly vulnerable to these changes, which threaten their livelihoods and food security [35]. A lack of knowledge and information as well as policy and regulatory constraints further hinder small farmers’ ability to adapt and thrive in a globalized market. They often lack access to updated agricultural practices, market trends, and quality standards [34,36]. Lastly, globalization effects social and cultural changes that impact small farmers. Urban migration, changing consumer preferences, and the erosion of traditional knowledge and practices disrupt rural communities and their farming traditions [37,38]. This can lead to a loss of identity and challenges in preserving their cultural heritage.




2.2. Risk Perceptions and Risk Attitudes of Small-Scale Farmers in a Risky Environment


Research has established that small-scale farmers operating in a globalized, complex, and diverse risk environment often demonstrate strong risk avoidance characteristics when perceiving and approaching risks [25,39]. Although risk perceptions among small-scale farmers in agriculture are intricate and varied [40], farmers typically rely on their personal experiences and observations to assess the extent of risks they encounter during the agriculture production process [8]. These risks include climate change, natural disasters, market fluctuations, price volatility, diseases, and pests. Drawing upon past experiences, social networks [41], and observations, small-scale farmers anticipate potential future risk events [25]. Additionally, they seek out risk-related information through communication and knowledge sharing with fellow farmers [2], cooperative members [42], government institutions, or agricultural experts. Since farmers, in real agricultural production, often cannot accurately judge the objective probability of risk occurrence, the differing sensitivity of farmers to risks, that is, risk preference, may lead to different risk decisions among farmers. Existing research has shown that different farmers exhibit heterogenous risk attitudes. Some farmers exercise caution and prefer conservative decisions and strategies to mitigate risks, while others are more open to taking risks and embracing new agricultural technologies or market opportunities [16]. Extensive research on farmers’ risk attitudes has shown that in developing countries with imperfect financial markets, where farmers lack the option to diversify risks through market-based insurance tools, risk avoidance attitudes prevail [9,43]. Although the risk preferences of farmers, as a whole, tend to show risk aversion characteristics, there still exists significant variation in risk aversion attitudes among farmers [25,44,45].




2.3. Risk Responses of Small-Scale Citrus Farmers under the Influence of Risk and Risk Aversion


In a risk environment, different levels of risk perception and risk preference among farmers result in variations in farmers’ risk-bearing capacity and different risk-coping strategies [8,32]. The stronger the farmers’ perception of and concern about risks are, and the stronger their risk aversion attitudes and the greater their willingness to undertake corresponding risk-coping measures, such as purchasing agricultural insurance and engaging in diversified planting [46]. On the other hand, if farmers are less risk-averse and believe that risks are small or will not cause them significant losses, they may seek higher risks and returns through actions such as engaging in more specialized planting [15], expanding their planting scale [2], and adopting new agricultural technologies and varieties [47,48]. Farmers with limited resources and income stability often exhibit a more risk-averse attitude, preferring conservative approaches to ensure their livelihood security [44,49]. Conversely, farmers with better access to resources, market information, and education are more likely to display a risk-tolerant attitude, embracing innovative practices and adopting new technologies to maximize their returns [44,50].



For small citrus farmers, specialized citrus cultivation may yield higher comparative returns but also pose higher agricultural production risks and market risks [51]. As Guangxi is a less developed region with an incomplete rural financial market, individual small citrus farmers are confronted with the dual challenges of globalization and diverse agricultural risks. Therefore, diversified planting serves as an effective means of risk mitigation for small citrus farmers when making decisions to engage in more specialized citrus cultivation. Based on this context, this study proposes the research hypothesis that the stronger the risk perception and risk aversion attitudes of small citrus farmers are, the greater the likelihood that they will opt for simultaneously cultivating citrus and diversifying crops, with a higher crop diversification index, will be (Figure 1).





3. Data and Methods


3.1. Study Area and Data Collection


This study is based on a household survey of small citrus farmers conducted in Guangxi, China, from June to November of 2021, employing a face-to-face methodology. Guangxi is an autonomous region located in Southern China, distinguished for its notable ethnic diversity, status as a rich biodiversity hotspot featuring karst landscapes [52], and preeminent position as the largest citrus-growing region in China. The investigation entailed an examination of seven regions, namely, Guilin, Nanning, Hezhou, Laibin, Liuzhou, Baise, and Wuzhou, all of which collectively account for roughly 85% of the entire citrus production output of the province. Figure 2 shows the locations of these regions (marked with black pentagon star), with larger cultivation areas in the northeast and central parts of the region. Guilin is the region with the largest citrus cultivation area in Guangxi. In 2021, the total citrus-planting area in Guilin was approximately 178,000 hectares, with a majority of citrus reticulata and kumquat varieties. The next most significant regions are Nanning and Liuzhou, with planting areas of approximately 76,000 hectares and 65,000 hectares, respectively. The predominant citrus varieties cultivated in these areas are Orah mandarin and citrus reticulata. Following these regions are Laibin and Hezhou, with planting areas of 54,000 hectares and 48,000 hectares, respectively, where the primary cultivated varieties include citrus reticulata and navel oranges. Last are Baise and Wuzhou, with planting areas of 46,000 hectares and 41,000 hectares, respectively, where the main cultivated varieties are citrus reticulata and Orah mandarin.



The survey employed a stratified random sampling method to obtain a representative sample of smallholder citrus farmers in Guangxi. The stratification was based on the per capita citrus-planting area and the distribution of citrus-planting areas within each region. A total of 480 smallholder citrus farmers were sampled from 48 villages in 24 townships of 12 counties in Guangxi. For this purpose, 12 counties were initially selected based on the aggregate citrus cultivation area in the past five years (2016–2020). Two townships were randomly selected from each county, and two villages were chosen from each sample township, taking into account the different intensities of citrus distribution. Finally, ten farmer households were randomly selected from each village based on the smallholder citrus farmer list for each village. Among the 480 sampled smallholders, 429 (89.4%) were available and agreed to participate in the survey. Regarding the remaining 51 participants who were absent during the survey, we later contacted them via telephone or WeChat, and 32 of them were accessed. The observed characteristics of these absentees were found to be similar to those of the face-to-face respondents, mitigating concerns regarding sample selection. Based on the randomness of the sample selection in this survey, the sample size can ensure a 95% level of confidence according to statistical power analysis.



A structured questionnaire was employed in the household survey, encompassing a choice experiment aimed at eliciting the risk attitudes of the respondents and a nine-point Likert-scale to gauge farmers’ risk perceptions concerning citrus farming. The questionnaire is divided into three main sections. The first section focuses on the basic information of the farmers and their families; demographic characteristics such as gender, age, and education; labor force, land scale, and the agricultural input–output situation of various crops including citrus; and questions related to crop diversification and various risks encountered in citrus cultivation. The second section consists of questions regarding farmers’ risk perception, which is measured subjectively using a Likert scale. It aims to assess farmers’ subjective ratings of various risks associated with citrus cultivation. The third section measures farmers’ risk preferences through a lottery choice experiment. These methods are widely recognized in the academic community as strategies for measuring risk perception and risk preferences, which are convenient for assessing farmers and obtaining reliable information. The specific methods will be detailed further in Section 3.2, Section 3.3 and Section 3.4.




3.2. Risk Preference Elicitation


A common lottery choice experiment methodology, as outlined by Binswanger and Sillers [11], Holt and Laury [21], and Yusuf [12], was employed to elicit the risk preferences of farmers. The experiment employed a “multiple price list” (MPL) design in which several lottery choices were presented to the farmers simultaneously. This risk preference elicitation technique was straightforward to explain to farmers, and the data obtained from this approach were readily interpretable [53]. The MPL design required each farmer to make ten choices between two lotteries, A and B, as presented in Table 1. Option A was the “safe” choice, with a less variable payoff than the “risky” option B. The farmer was required to choose either option A or B for each decision and switch to option B when the probability of a high payoff increased sufficiently. While ten decisions were made, only one was randomly selected as binding. The present study employed a utility function to ascertain the risk preference of the farmers based on their choices. In particular, the farmers’ risk aversion was assumed to be characterized by constant absolute risk aversion, where   a r  w  = − U ”  W  / U '  W    and    x  = − e x p   − a r × x    , with   a r   denoting the coefficient of absolute risk aversion. The design of the MPL experiment is outlined in Table 1. Hypothetical payoffs of USD 1500/2800 (CNY 10,000/19,000) from actual citrus-farming activities were used in the experiment. For the initial decision, both options offer a 10% probability of a high payoff, and thus only an individual with extreme risk-seeking tendencies would opt for Option B. Conversely, a risk-neutral farmer would select Option A, since its expected value surpasses that of Option B. As the decision-making process progresses, the likelihood of obtaining the higher payoff increases for both options. According to the risk preference experiment utilizing the MPL method, we outline the outcomes and distribution pertaining to farmers’ risk aversion, as displayed in Figure 3. Notably, since the lottery choices only furnish a range of a farmer’s   a r  , as demonstrated in Figure 3, we employ the midpoint of the feasible   a r   recognized via the farmer’s selections as the metric in our analysis.




3.3. Risk Perception Elicitation


To investigate the risk perceptions of farmers engaged in citrus farming, we adopted a methodology inspired by the works of Weber, Blais and Betz [40], Min, Huang and Waibel [15], Scharner, Pochtrager and Larcher [24], which entailed the use of Likert scale questions to examine farmers’ intuitive judgments on risk. Risk perception, defined as the subjective evaluation of the likelihood and consequences of a particular risk, served as the measure of risk in this study. Specifically, we formulated four Likert scale questions to probe farmers’ perception of the risks associated with citrus farming for their families, taking into account the existing studies [7,24,54,55,56] and the results of a pilot survey. For the sake of simplicity, these questions were designed to encompass yield risk, market price risk, weather and natural disasters, pests and diseases, farm management, and economic environment risk. Table 2 presents the risk perception questions employed in this study. The Cronbach’s alpha for the scale used in this study was 0.786, indicating an acceptable degree of internal consistency reliability. Moreover, the scale demonstrated robust convergent validity, with all items significantly contributing to the risk perception construct. Table 3 shows that farmers are most concerned about market risk, with the highest average perception score of 7.46, followed by the risks of Huanglongbing (HLB) disease and other pests and diseases, with a score of 7.18. Next is the risk of weather and natural disasters, with a score of 6.85, and a slightly lower score for farm management and economic risks. In the following analysis, we use the sum of the scores of the four risk perception items as our measure of each famer’s risk perception.




3.4. Crop Diversification Measures


In this study, two diversification indices were employed to assess the level of crop diversity at the farm level, whereby an elevated index value denotes a higher degree of crop diversification. The first is the count of crops grown per farmer household. The second is the Shannon Index [57], which measures the relative abundance of crops. Only the crops grown commercially are counted with these indices. Assuming that the count of citrus farmer i’s planted crops is    N i   , the Shannon index for measuring crop diversity can be expressed as follows [58]:


   D i  = −   ∑    n i  = 1    N i    l a n d s h a r  e  n i   ln   l a n d s h a r  e  n i      



(1)







Although the level of specialization of citrus farming among small farmers in Guangxi is quite high, most small farmers still allocate certain proportions of their land to other crops. Figure 4 shows the distribution of the count index and Shannon index of the citrus famers, demonstrating the relatively high level of crop diversification. However, with the increase in these indices, the number of farmers decreases dramatically. Specifically, it can be noted that 38.93% of smallholder farmers engage solely in citrus cultivation, while approximately 34.73% of smallholders cultivate 3–4 crops, including citrus. The average number of crops planted per farmer amounts to 2.58, thereby yielding a Shannon diversity index of 0.65.




3.5. Empirical Models


3.5.1. The Impacts of Risk Perceptions and Risk Attitude on Citrus Specialization


In order to examine the effects of perceived risk and risk attitudes on citrus specialization and land use decisions made by farmers, we initially estimate a Probit model. Given that many small citrus farmers engage in the cultivation of crops other than citrus, the use of a Probit model is deemed appropriate. The Probit model is formulated as follows:


     Y i  =  α 1  P  R i  +  α  2   A  R i  +  α 3   L i  +  α 4   X i  +  ε i       Y i  =     1    if   planting   citrus   and   multi - crops      0  if   planting   only   citrus         



(2)







In Equation (2), the dependent variable, denoted as    Y i   , takes a dichotomous value of either one or zero, indicating whether farmer  i  engages in citrus planting and multi-crop planting or not. The risk perceptions of citrus farming for farmer , denoted as



 i , are outlined in Table 2. The absolute risk aversion coefficient for farmer  i , denoted as   A  R i   , is computed according to the methodology described in Table 1 and Figure 3. The total area of farming land for farmer  i  is represented as    L i   , while    X i    is a set of demographic and socioeconomic characteristics that may influence farmer  i ’s choices regarding citrus specialization and land use. The vectors of parameters to be estimated are denoted as    α 1   ,    α 2   ,    α 3   , and      α 4   . The normally distributed random disturbance is denoted as      ε i   .




3.5.2. The Impacts of Risk Perceptions and Risk Attitudes on Crop Diversification


This study employs a Poisson regression model and an ordinary least squares (OLS) regression model to examine the effects of perceived risk and risk attitudes on farmers’ crop diversification, with the count index and Shannon index as dependent variables. Additionally, to verify the robustness of our Poisson model estimates and statistical inferences, we estimate an OLS model with the Shannon index as the dependent variable, as crop diversification is our primary focus. The equations for the Poisson and OLS estimations are specified as follows:


   D i  =  ρ 0  +  ρ  1   P  R i  +  ρ  2   A  R i  +  ρ 3   L i  +  ρ 4   X i  +  τ i     



(3)







The dependent variable    D i    is expressed in terms of both the count index and Shannon index, while the independent variables are the same as those in Equation (2). The error term    τ i    and the parameters to be estimated,    ρ 1  ,      ρ 2  ,    ρ 3   , and      ρ 4   , are also included in the model. Although Poisson estimation is commonly used with maximum likelihood estimation, this approach may not always be appropriate when the response variable does not conform to a Poisson distribution. To assess the validity of the standard Poisson model for estimating the count index, we use the goodness-of-link test proposed by Pregibon [59]. If this test indicates that the model is inadequate, we will consider the use of a generalized Poisson regression model as an alternative [60,61].




3.5.3. Endogeneity


Although Probit, Poisson, and OLS regression models are useful for establishing the hypothesized links, they may be affected by endogeneity due to the potential influences of unobserved factors on the risk perceptions of smallholder citrus farmers and their land allocation decisions. To address this issue, we adopt an instrumental variable approach. We consider the potential existence of peer effects in the context of agricultural knowledge transfer [15,62] and risky behaviors [63], whereby an individual’s risk perceptions regarding citrus farming may be influenced by their neighbors’ risk perceptions through social interactions, knowledge sharing, and daily communication within the village. Therefore, we use the neighbors’ risk perceptions as an instrumental variable. This choice is intuitively justifiable, as the instrumental variable should be correlated with farmer i’s risk perceptions but should not directly affect their land use decision other than through its impact on their perceived risk.






4. Results


4.1. Descriptive Statistics


Table 3 presents detailed definitions and descriptive statistics of the outcome variables and covariates from the survey. Among the covariates, risk perceptions and risk attitudes are our primary interests. The summary statistics of the risk perception questions show that the farmers had a high level of risk perception in citrus cultivation; the mean of the scores for the four risk perception items was 27.82. The majority of individuals made five or more safe choices, with the average absolute risk aversion coefficient equaling 0.09, indicating that the majority of the sampled farmers were risk-averse. In addition, we include a series of controls regarding demographic and socioeconomic characteristics that could possibly affect farmers’ citrus specialization and land use choices. These include household farming land [64], land plots [65], experience in growing citrus [15], household labor [13], off-farm work [2], cooperative membership [66], and demographic variables of the farm households such as age, gender, education, and ethnicity [27,28,67].




4.2. Land Use Decisions regarding Citrus Specialization or Citrus with Other Crops


The results of the regression analysis for the citrus farmers’ land use decisions are presented in Table 4. Column 2 to Column 4 show the findings of standard Probit regression, IV-Probit regression, and 2SLS regression, respectively. All models are correctly identified. The IV-Probit and 2SLS regression results, as evidenced by the Wald test and F-statistic of exogeneity, reject the null hypothesis at the 1% significance level, indicating the endogeneity of citrus farmers’ risk perceptions in explaining their land use decisions. Therefore, the instrumental variable approach is appropriate. The computed marginal effects of the IV-Probit and coefficient estimates from the 2SLS procedures are quite similar, which adds to the credibility of the impact estimates.



Table 4 indicates that the probability of farmers planting other crops alongside citrus is positively and significantly affected by their risk-averse attitudes and the perceived risk associated with citrus farming. In all the models, farmers’ risk perception was highly significant, confirming its role in land allocation decisions. Farmers’ risk attitudes were also significant at 1% levels. Hence, for smallholders, the perception of higher risks of citrus farming and stronger risk aversion can stimulate less specialization and more crop diversification. The implementation of a multi-crop planting strategy appears to be a viable approach for mitigating the potential risks of citrus farming. This strategy aligns with prior research findings, indicating that risk perception and risk attitude significantly influence farmers’ decision-making processes regarding diverse agricultural activities in developing nations [9,12,18,43,68].



As anticipated, the availability and limitations of land resources exert a substantial influence on the decision-making process of small-scale citrus farmers with regard to crop diversification. The more land a farmer has, the greater the likelihood of specialization will be, but the fragmentation of a farmer’s land weakens this possibility, prompting the farmer to plant multiple crops. Agricultural machinery assets and cooperative membership are also important factors for specializing in growing citrus, while ethnic minority households obviously tend to plant other crops in addition to citrus. In addition, the number of household laborers seems to be a positive factor influencing farmers to grow a variety of crop types. This may be because households with a large number of laborers grow citrus with multi-crops, which is conducive to making more efficient, collective use of labor time in the off season of a single crop throughout the year [69].




4.3. Risk Determinants Influencing Farmers’ Crop Diversification


Table 5 reports the results of the Poisson and OLS estimation regressions (defined by Equation (3)), used with the instrumental variable regression to reduce the likelihood of estimation bias due to the endogeneity of risk perception. In this estimation, the count index and Shannon index were used as explanatory variables, respectively, and Poisson and OLS models were used to estimate the factors influencing crop diversity. As reported in Table 5, the estimation results are highly similar to those in Table 5, and farmers’ risk attitudes and risk perceptions significantly promote the diversification level of farmers. From the regression results of the instrumental variables’ regression, farmers’ risk attitudes and risk perceptions remain significant, which further evidences the robustness of the regression results and risk factors as key drivers of farmers’ crop diversification. Additionally, although farmers with more land and wealth may prefer more cost-effective specialized citrus cultivation, land fragmentation and ethnic characteristics further strengthen farmers’ crop diversification decisions. In addition, membership to a farmers’ professional cooperative was only significant in the 2SLS regression model of the diversification index, which indicates that the role of cooperative membership is limited, given that most members are small farmers [42].



To ensure the robustness of our analysis, we incorporated an interaction term between farmers’ risk perceptions and risk attitudes in the regression, as there may be a potential relationship between the two variables. Table 6 presents the estimates from the two models. The first model includes linear effects of both risk perception and risk preference, as well as an interaction effect between these two variables. The second model, on the other hand, only includes the interaction effect between risk perception and risk preference. The regression results in Table 6 indicate that the interaction effect between risk perception and risk preference is highly significant when the linear risk perception and risk preference terms are removed. Conversely, when these linear effects are included in the models, the interaction effects become insignificant. These results consistently support our earlier findings on the (linear) roles of risk preference and risk perception.





5. Discussion


The aforementioned findings consistently indicate that perceptions of and attitudes towards risk exert significant influences on the decision-making process of farmers pertaining to crop land. Incorporating multiple perception measures and the lottery choice experiment, it was found that subjective risk aversion behavior, to a certain extent, hinders the specialization process of small citrus farmers and promotes crop diversification in agricultural ecosystems. Small farmers’ crop diversification decisions are significantly affected by the perceived risk and subjective risk-averse attitudes associated with the specialized cultivation of citrus, as well as the risk mitigation effects of crop diversification. The findings of this study align with those of existing relevant studies, emphasizing the significance of crop diversification in addressing the risks and uncertainties associated with climate change and multiple agricultural risks for small farmers [70]. Small-scale farmers who implement a multi-season cropping system, incorporating long-rains crops, short-rains crops, permanent crops, and fruit crops, are able to mitigate the uncertainties posed by droughts or rainfall fluctuations [71]. In response to extreme climatic events, farm households primarily rely on crop diversification and crop variety adjustments as their primary adaptation strategies [72]. The decision of farmers to specialize in rubber cultivation is influenced by their perception of risk, whereby a higher risk perception increases the likelihood of diversifying and cultivating multiple crops [15]. Additionally, farmers exhibiting higher risk aversion are more inclined to adopt farm diversification strategies [25]. The presence of production risks and risk aversion significantly promotes the adoption of crop diversification strategies and expansion into livestock production by households [16]. However, this study does not provide evidence on whether diversification among small-scale farmers results in increased income and welfare. Nonetheless, previous research has indicated that increasing crop diversity can lead to enhanced land productivity and lower production costs and open up market opportunities for households while facilitating self-consumption. It appears that farmers engaged in crop diversification tend to generate greater benefits compared to those specializing in a single crop [28,29].



Compared to specialized farms, crop diversification among small-scale farmers may not necessarily lead to higher profits [70]. However, crop diversification among small-scale farmers not only helps to mitigate agricultural risks but also has the potential to enhance biodiversity within farmland ecosystems, thereby promoting sustainable agricultural development. As a crucial region of high biodiversity in the southern region of China, Guangxi has undergone significant transformations in its land use patterns during previous decades, transitioning from conventional agricultural practices to the cultivation of specialized tropical and subtropical fruit crops [73]. This trend has resulted in a multitude of adverse ecological consequences, notably a reduction in agrobiodiversity and a subsequent risk to livelihood sustainability [74]. The econometric results suggest that crop diversification may be an effective strategy for coping with such livelihood risks. Smallholder citrus farmers, who always show a risk-averse attitude and are aware of the higher risks of citrus farming, are less likely to specialize in citrus farming and are more likely to plant other crops in addition to citrus. Although there are numerous citrus growers among them, small citrus farmers still prefer to intercrop citrus with a diverse range of other crops, maintaining a high crop diversity index. In some sense, this finding is consistent with the long-held recognition that risk-averse small farmers may diversify their portfolios of agricultural production as a risk management strategy to reduce farm income variation [25]. The implementation of land use diversification appears to present a viable strategy for managing potential risks in the context of citrus cultivation, while simultaneously affording positive spillover effects on farmland ecosystem biodiversity and fostering sustainable agricultural production objectives.



The confirmed roles of risk perception and risk attitude in decision making regarding crop diversification and land use warrant immediate policy implications concerning environmental and agricultural sustainability. While implementing risk insurance programs could enhance the specialization level of citrus cultivation in Guangxi, the current imperfect financial market necessitates that small-scale farmers rely on crop diversification to mitigate risks. The diversified production methods of small-scale farmers have positive effects on environmental protection and food security. To safeguard these benefits and to further assist small-scale farmers in reducing risks and increasing their income, it is worth considering the provision of policy support and ecological compensation from the government and relevant organizations. First, to prioritize food security and curb the competition for land between staple crops and citrus cultivation, it is important to assist small-scale farmers in comprehending the risks and potential benefits associated with specialized citrus farming. This approach can effectively discourage indiscriminate expansion into single horticultural crops, leading to improved food security, decreased non-grain cultivation on arable land, and enhanced crop diversity within farmland. Second, crop diversification may enhance biodiversity while addressing agricultural risks [75]. Maintaining a crop portfolio is an important strategy for smallholders to cope with agricultural production risks [76], especially in underdeveloped areas such as Guangxi, China. Guiding and supporting smallholders in Western China towards crop diversification can promote the sustainable development of agriculture that can also meet biodiversity conservation goals. Third, smallholders in ethnic minority areas, usually less developed areas [77], seem to have a stronger willingness to diversify their planting, possibly due to risk aversion. Crop diversification is the main strategy used to cope with natural risks in these areas, characterized by prevalent poverty and underdeveloped rural financial markets [77]. Greater risk perception and risk aversion have also promoted a certain degree of crop diversification on farmland in these areas. Therefore, for China’s less developed regions that have a large number of small-scale farmers who have been active for a long time, it may not always be imperative to transform agriculture towards specialized and single-crop cultivation. However, it is necessary to provide small-scale farmers in these regions with essential economic support and ecological compensation in order to maintain crop diversity. Ensuring the preservation of a specific degree of agricultural diversity among smallholder farmers is not only beneficial for their agricultural risk management but also contributes to the achievement of sustainable agricultural development goals.



Although our findings do not provide direct support for the efficacy of these policies, they merit thorough consideration by both central and local governments aspiring to achieve sustainable agricultural development and promote rural revitalization in China’s rural areas [78]. The comparative analysis of the count index and Shannon index, as measures of citrus farmers’ crop diversification in Guangxi, further confirms the need to consider the contributions of diversified smallholder crop cultivation to agroecosystems and biodiversity. Whilst the outcomes may exhibit localized disparities within emerging economies, their potential instructive value may be extrapolated to regions possessing comparable agro-ecological circumstances or in parallel developmental stages, wherein agricultural stakeholders possess congruent risk attitudes and risk perceptions.




6. Conclusions


Utilizing data from a recent survey of small-scale citrus farmers in Guangxi Province, China, this study evaluated the effects of farmers’ risk perceptions and risk preferences on their land use decisions, specifically with regard to the choice between specializing in citrus production or engaging in diversified crop farming. Through the estimation of an IV-Probit model and 2SLS model, it was found that several perceived risks of citrus farming, as well as risk aversion determined based on a lottery choice experiment, significantly affect farmers’ probability of planting diversified crops together with citrus. These results were further compared with estimates from crop diversification regression models, with the Poisson model and OLS model using the count index and Shannon index as explanatory variables, which confirmed that farmers’ risk perceptions in citrus farming and their risk-averse attitudes significantly contribute to higher levels of crop diversification. Our main findings regarding small citrus farmers’ crop diversification were further validated in a robustness exercise, where interaction variables were added to the Shannon index regression model for considering the possible relationship between farmers’ risk perceptions and risk attitudes. The present findings underscore the salient contribution of risk preferences in influencing the horticultural agricultural production of smallholder farmers, thus bearing significant policy ramifications for fostering sustainable agricultural development and smallholder farming practices in Western China.



Our study contributes to the existing literature by delineating the influence of farmers’ risk perceptions and risk attitudes on specialized or diversified horticultural crop farming conduct in a typical citrus-planting area in China. Furthermore, we validated the consistency effects of different crop diversification indices and highlighted the necessity of formulating policy measures that cater to small-scale farmers’ crop diversification practices in order to enhance their cost-effectiveness and welfare. Nonetheless, the study’s limitations, such as its cross-sectional nature and geographical specificity, collectively necessitate further research to establish the generalizability of the findings. These results indicate that risk preferences exert a significantly greater impact than risk perceptions, as gauged in this study, and require further examination through alternative risk preference elicitation methodologies using a larger and more representative sample of farmers. The crop diversity of smallholder farmers has a positive impact on sustainable agricultural development and biodiversity, but the questions of how to maintain small farmers’ crop diversification and improve their welfare in the development of agricultural modernization need to be studied in the future.







Author Contributions


For this paper, X.C. and D.Z. formulated and designed the research framework, while X.C., M.X., and X.F. conducted the survey and analyzed the data. Additionally, X.C., D.Z. and M.X. provided the analytical tools used in this paper. The paper was written by X.C., M.X. and D.Z. and was subsequently revised multiple times by all authors. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Sciences Foundation of China (grant No. 72063002), the Natural Sciences Foundation of Guangxi Province (grant No. 2020GXNSFAA238029), and the Ministry of Education of Humanities and Social Science Project (grant No. 22YJA790010).




Data Availability Statement


The associated data set for the study is available upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Fischer, E.; Qaim, M. Smallholder Farmers and Collective Action: What Determines the Intensity of Participation? J. Agric. Econ. 2014, 65, 683–702. [Google Scholar] [CrossRef][Green Version]

	



Chen, X.J.; Zeng, D.; Zhang, H.; Kang, C. Farm Expansion under Credit Constraint: Evidence from Commercial Rice Farmers in Guangxi, China. Int. Food Agribus. Manag. Rev. 2020, 23, 203–216. [Google Scholar] [CrossRef]

	



Gurr, G.M.; Lu, Z.X.; Zheng, X.S.; Xu, H.X.; Zhu, P.Y.; Chen, G.H.; Yao, X.M.; Cheng, J.; Zhu, Z.R.; Catindig, J.L.; et al. Multi-Country Evidence That Crop Diversification Promotes Ecological Intensification of Agriculture. Nat. Plants 2016, 2, 16014. [Google Scholar] [CrossRef] [PubMed]

	



He, X.Q.; Weisser, W.; Zou, Y.; Fan, S.G.; Crowther, T.W.; Wanger, T.C. Integrating Agricultural Diversification in China’s Major Policies. Trends Ecol. Evol. 2022, 37, 819–822. [Google Scholar] [CrossRef]

	



Triantafyllidis, V.; Zotos, A.; Kosma, C.; Kokkotos, E. Environmental Implications from Long-Term Citrus Cultivation and Wide Use of Cu Fungicides in Mediterranean Soils. Water Air Soil Pollut. 2020, 231, 218. [Google Scholar] [CrossRef]

	



Boina, D.R.; Bloomquist, J.R. Chemical Control of the Asian Citrus Psyllid and of Huanglongbing Disease in Citrus. Pest Manag. Sci. 2015, 71, 808–823. [Google Scholar] [CrossRef]

	



Carrer, M.J.; Silveira, R.L.F.d.; Filho, H.M. Factors Influencing Hedging Decision: Evidence from Brazilian Citrus Growers. Aust. J. Agric. Resour. Econ. 2019, 63, 12282. [Google Scholar] [CrossRef][Green Version]

	



Van Winsen, F.; de Mey, Y.; Lauwers, L.; Van Passel, S.; Vancauteren, M.; Wauters, E. Determinants of Risk Behaviour: Effects of Perceived Risks and Risk Attitude on Farmer’s Adoption of Risk Management Strategies. J. Risk Res. 2016, 19, 56–78. [Google Scholar] [CrossRef]

	



Chen, X.; Zeng, D.; Xu, Y.; Fan, X. Perceptions, Risk Attitude and Organic Fertilizer Investment: Evidence from Rice and Banana Farmers in Guangxi, China. Sustainability 2018, 10, 3715. [Google Scholar] [CrossRef][Green Version]

	



Wu, K.S.; Yang, X.J.; Zhang, J.; Wang, Z.Q. Differential Evolution of Farmers’ Livelihood Strategies since the 1980s on the Loess Plateau, China. Land 2022, 11, 157. [Google Scholar] [CrossRef]

	



Binswanger, H.P.; Sillers, D.A. Risk Aversion and Credit Constraints in Farmers’ Decision-Making: A Reinterpretation. J. Dev. Stud. 1983, 20, 5–21. [Google Scholar] [CrossRef]

	



Yesuf, M.; Bluffstone, R.A. Poverty, Risk Aversion, and Path Dependence in Low-Income Countries: Experimental Evidence from Ethiopia. Am. J. Agric. Econ. 2009, 91, 1022–1037. [Google Scholar] [CrossRef]

	



Tacconi, F.; Waha, K.; Ojeda, J.J.; Leith, P. Correction: Drivers and Constraints of on-Farm Diversity. A Review. Agron. Sustain. Dev. 2023, 43, 7. [Google Scholar] [CrossRef]

	



Huang, J.k.; Jiang, J.; Wang, J.X.; Hou, L.L. Crop Diversification in Coping with Extreme Weather Events in China. J. Integr. Agric. 2014, 13, 677–686. [Google Scholar] [CrossRef]

	



Min, S.; Huang, J.; Waibel, H. Rubber Specialization vs Crop Diversification: The Roles of Perceived Risks. China Agric. Econ. Rev. 2017, 9, 188–210. [Google Scholar] [CrossRef]

	



Asravor, R.K. Farmers’ Risk Preference and the Adoption of Risk Management Strategies in Northern Ghana. J. Environ. Plan. Manag. 2019, 62, 881–900. [Google Scholar] [CrossRef]

	



Ye, J.Z. Land Transfer and the Pursuit of Agricultural Modernization in China. J. Agrar. Chang. 2015, 15, 314–337. [Google Scholar] [CrossRef]

	



Gong, Y.Z.; Baylis, K.; Kozak, R.; Bull, G. Farmers’ Risk Preferences and Pesticide Use Decisions: Evidence from Field Experiments in China. Agric. Econ. 2016, 47, 411–421. [Google Scholar] [CrossRef]

	



Meraner, M.; Finger, R. Risk Perceptions, Preferences and Management Strategies: Evidence from a Case Study Using German Livestock Farmers. J. Risk Res. 2019, 22, 110–135. [Google Scholar] [CrossRef]

	



Fausti, S.; Gillespie, J. Measuring Risk Attitude of Agricultural Producers Using a Mail Survey: How Consistent Are the Methods? Aust. J. Agric. Resour. Econ. 2006, 50, 171–188. [Google Scholar] [CrossRef][Green Version]

	



Holt, C.A.; Laury, S.K. Risk Aversion and Incentive Effects. Am. Econ. Rev. 2002, 92, 1644–1655. [Google Scholar] [CrossRef][Green Version]

	



Pennings, J.M.; Garcia, P. Measuring Producers’ Risk Preferences: A Global Risk-Attitude Construct. Am. J. Agric. Econ. 2001, 83, 993–1009. [Google Scholar] [CrossRef]

	



Maart-Noelck, S.C.; Musshoff, O. Measuring the Risk Attitude of Decision-Makers: Are There Differences between Groups of Methods and Persons? Aust. J. Agric. Resour. Econ. 2014, 58, 336–352. [Google Scholar] [CrossRef]

	



Scharner, M.; Pochtrager, S.; Larcher, M. Risk Attitude and Risk Perception of Dairy Farmers in Austria. Ger. J. Agric. Econ. 2016, 65, 262–273. [Google Scholar]

	



Khanal, A.R.; Mishra, A.K.; Lien, G. Effects of Risk Attitude and Risk Perceptions on Risk Management Decisions: Evidence from Farmers in an Emerging Economy. J. Agric. Resour. Econ. 2022, 47, 495–512. [Google Scholar]

	



Sanchez, A.C.; Kamau, H.N.; Grazioli, F.; Jones, S.K. Financial Profitability of Diversified Farming Systems: A Global Meta-Analysis. Ecol. Econ. 2022, 201, 107595. [Google Scholar] [CrossRef]

	



Ricciardi, V.; Mehrabi, Z.; Wittman, H.; James, D.; Ramankutty, N. Higher Yields and More Biodiversity on Smaller Farms. Nat. Sustain. 2021, 4, 651–657. [Google Scholar] [CrossRef]

	



Bellon, M.R.; Kotu, B.H.; Azzarri, C.; Caracciolo, F. To Diversify or Not to Diversify, That Is the Question. Pursuing Agricultural Development for Smallholder Farmers in Marginal Areas of Ghana. World Dev. 2020, 125, 104682. [Google Scholar] [CrossRef]

	



Bozzola, M.; Smale, M. The Welfare Effects of Crop Biodiversity as an Adaptation to Climate Shocks in Kenya. World Dev. 2020, 135, 105065. [Google Scholar] [CrossRef]

	



Lee, J.; Gereffi, G.; Beauvais, J. Global Value Chains and Agrifood Standards: Challenges and Possibilities for Smallholders in Developing Countries. Proc. Natl. Acad. Sci. USA 2012, 109, 12326–12331. [Google Scholar] [CrossRef][Green Version]

	



Li, A.; Gao, L.; Chen, S.; Zhao, J.L.; Ujiyad, S.; Huang, J.H.; Han, X.G.; Bryan, B.A. Financial Inclusion May Limit Sustainable Development under Economic Globalization and Climate Change. Environ. Res. Lett. 2021, 16, 054049. [Google Scholar] [CrossRef]

	



Rodriguez-Cohard, J.C.; Sanchez-Martinez, J.D.; Garrido-Almonacid, A. Strategic Responses of the European Olive-Growing Territories to the Challenge of Globalization. Eur. Plan. Stud. 2020, 28, 2261–2283. [Google Scholar] [CrossRef]

	



Chen, C.; Woods, M.; Chen, J.L.; Liu, Y.Q.; Gao, J.L. Globalization, State Intervention, Local Action and Rural Locality Reconstitution—A Case Study from Rural China. Habitat Int. 2019, 93, 102052. [Google Scholar] [CrossRef]

	



Rueda, X.; Lambin, E.F. Linking Globalization to Local Land Uses: How Eco-Consumers and Gourmands Are Changing the Colombian Coffee Landscapes. World Dev. 2013, 41, 286–301. [Google Scholar] [CrossRef]

	



Harvey, C.A.; Rakotobe, Z.L.; Rao, N.S.; Dave, R.; Razafimahatratra, H.; Rabarijohn, R.H.; Rajaofara, H.; MacKinnon, J.L. Extreme Vulnerability of Smallholder Farmers to Agricultural Risks and Climate Change in Madagascar. Philos. Trans. R. Soc. B Biol. Sci. 2014, 369, 20130089. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Bellemare, M.F.; Bloem, J.R. Does Contract Farming Improve Welfare? A Review. World Dev. 2018, 112, 259–271. [Google Scholar] [CrossRef]

	



Tenorio, M.L.O.; Pascucci, S.; Verkerk, R.; Dekker, M.; van Boekel, T. What Does It Take to Go Global? The Role of Quality Alignment and Complexity in Designing International Food Supply Chains. Supply Chain. Manag. Int. J. 2021, 26, 467–480. [Google Scholar] [CrossRef]

	



Kos, D.; Kloppenburg, S. Digital Technologies, Hyper-Transparency and Smallholder Farmer Inclusion in Global Value Chains. Curr. Opin. Environ. Sustain. 2019, 41, 56–63. [Google Scholar] [CrossRef]

	



Holt, C.A.; Laury, S.K. Risk Aversion and Incentive Effects: New Data without Order Effects. Am. Econ. Rev. 2005, 95, 902–912. [Google Scholar] [CrossRef][Green Version]

	



Weber, E.U.; Blais, A.R.; Betz, N.E. A Domain-Specific Risk-Attitude Scale: Measuring Risk Perceptions and Risk Behaviors. J. Behav. Decis. Mak. 2002, 15, 263–290. [Google Scholar] [CrossRef]

	



Labeyrie, V.; Rono, B.; Leclerc, C. How Social Organization Shapes Crop Diversity: An Ecological Anthropology Approach among Tharaka Farmers of Mount Kenya. Agric. Hum. Values 2014, 31, 97–107. [Google Scholar] [CrossRef]

	



Candemir, A.; Duvaleix, S.; Latruffe, L. Agricultural Cooperatives and Farm Sustainability—A Literature Review. J. Econ. Surv. 2021, 35, 1118–1144. [Google Scholar] [CrossRef]

	



Ouattara, P.D.; Kouassi, E.; Egbendewe, A.Y.G.; Akinkugbe, O. Risk Aversion and Land Allocation between Annual and Perennial Crops in Semisubsistence Farming: A Stochastic Optimization Approach. Agric. Econ. 2019, 50, 329–339. [Google Scholar] [CrossRef]

	



Iyer, P.; Bozzola, M.; Hirsch, S.; Meraner, M.; Finger, R. Measuring Farmer Risk Preferences in Europe: A Systematic Review. J. Agric. Econ. 2020, 71, 3–26. [Google Scholar] [CrossRef][Green Version]

	



Finger, R.; Wüpper, D.; McCallum, C. The (in)Stability of Farmer Risk Preferences. J. Agric. Econ. 2023, 74, 155–167. [Google Scholar] [CrossRef]

	



Jin, J.J.; Gao, Y.W.; Wang, X.M.; Nam, P.K. Farmers’ Risk Preferences and Their Climate Change Adaptation Strategies in the Yongqiao District, China. Land Use Policy 2015, 47, 365–372. [Google Scholar]

	



Holden, S.T.; Quiggin, J. Climate Risk and State-Contingent Technology Adoption: Shocks, Drought Tolerance and Preferences. Eur. Rev. Agric. Econ. 2017, 44, 285–308. [Google Scholar] [CrossRef][Green Version]

	



Hailu, G.T.; Cao, Y.; Yu, X. Risk Attitudes, Social Interactions, and the Willingness to Pay for Genotyping in Dairy Production. Can. J. Agric. Econ. Rev. Can. D Agroecon. 2017, 65, 317–341. [Google Scholar] [CrossRef]

	



Ahmad, D.; Afzal, M.; Rauf, A. Analysis of Wheat Farmers’ Risk Perceptions and Attitudes: Evidence from Punjab, Pakistan. Nat. Hazards 2019, 95, 845–861. [Google Scholar] [CrossRef]

	



Dohmen, T.; Falk, A.; Huffman, D.; Sunde, U.; Schupp, J.; Wagner, G.G. Individual Risk Attitudes: Measurement, Determinants, and Behavioral Consequences. J. Eur. Econ. Assoc. 2011, 9, 522–550. [Google Scholar] [CrossRef][Green Version]

	



Hasibuan, A.M.; Gregg, D.; Stringer, R. Risk Preferences, Intra-Household Dynamics and Spatial Effects on Chemical Inputs Use: Case of Small-Scale Citrus Farmers in Indonesia. Land Use Policy 2022, 122, 106323. [Google Scholar] [CrossRef]

	



Hou, M.F.; Lopez-Pujol, J.; Qin, H.N.; Wang, L.S.; Liu, Y. Distribution Pattern and Conservation Priorities for Vascular Plants in Southern China: Guangxi Province as a Case Study. Bot. Stud. 2010, 51, 377–386. [Google Scholar]

	



Lusk, J.L.; Coble, K.H. Risk Perceptions, Risk Preference, and Acceptance of Risky Food. Am. J. Agric. Econ. 2005, 87, 393–405. [Google Scholar] [CrossRef]

	



Wu, F.; Guan, Z.F. Efficient Estimation of Risk Preferences. Am. J. Agric. Econ. 2018, 100, 1172–1185. [Google Scholar] [CrossRef]

	



Uwamahoro, F.; Berlin, A.; Bucagu, C.; Bylund, H.; Yuen, J. Potato Bacterial Wilt in Rwanda: Occurrence, Risk Factors, Farmers’ Knowledge and Attitudes. Food Secur. 2018, 10, 1221–1235. [Google Scholar] [CrossRef][Green Version]

	



Halbert, S.E.; Manjunath, K.L. Asian Citrus Psyllids (Sternorrhyncha: Psyllidae) and Greening Disease of Citrus: A Literature Review and Assessment of Risk in Florida. Fla. Entomol. 2004, 87, 330–353. [Google Scholar] [CrossRef]

	



Ritchie, D. Shannon and Weaver:Unravelling the Paradox of Information. Commun. Res. 1986, 13, 278–298. [Google Scholar] [CrossRef]

	



Spellerberg, I.F.; Fedor, P.J. A Tribute to Claude Shannon (1916–2001) and a Plea for More Rigorous Use of Species Richness, Species Diversity and the ‘Shannon–Wiener’ Index. Glob. Ecol. Biogeogr. 2003, 12, 177–179. [Google Scholar] [CrossRef][Green Version]

	



Pregibon, D. Goodness of Link Tests for Generalized Linear Models. Appl. Stat. 1980, 29, 15–24. [Google Scholar] [CrossRef][Green Version]

	



Consul, P.; Famoye, F. Generalized Poisson Regression Model. Commun. Stat. Theory Methods 1992, 21, 89–109. [Google Scholar] [CrossRef]

	



Harris, T.; Yang, Z.; Hardin, J.W. Modeling Underdispersed Count Data with Generalized Poisson Regression. Stata J. 2012, 12, 736–747. [Google Scholar] [CrossRef][Green Version]

	



Patel, N.; Savani, K.; Dave, P.; Shah, K.; Klemmer, S.R.; Parikh, T.S. Power to the Peers: Authority of Source Effects for a Voice-Based Agricultural Information Service in Rural India. Inf. Technol. Int. Dev. 2013, 9, 81–93. [Google Scholar]

	



Card, D.; Giuliano, L. Peer Effects and Multiple Equilibria in the Risky Behavior of Friends. Rev. Econ. Stat. 2013, 95, 1130–1149. [Google Scholar] [CrossRef]

	



Li, L.; Hu, R.; Huang, J.; Bürgi, M.; Zhu, Z.; Zhong, J.; Lü, Z. A Farmland Biodiversity Strategy Is Needed for China. Nat. Ecol. Evol. 2020, 4, 772–774. [Google Scholar] [CrossRef]

	



Qiu, L.; Zhu, J.; Pan, Y.; Wu, S.; Dang, Y.; Xu, B.; Yang, H. The Positive Impacts of Landscape Fragmentation on the Diversification of Agricultural Production in Zhejiang Province, China. J. Clean. Prod. 2020, 251, 119722. [Google Scholar] [CrossRef]

	



Ma, W.; Abdulai, A.; Goetz, R. Agricultural Cooperatives and Investment in Organic Soil Amendments and Chemical Fertilizer in China. Am. J. Agric. Econ. 2018, 100, 502–520. [Google Scholar] [CrossRef][Green Version]

	



McCord, P.F.; Cox, M.; Schmitt-Harsh, M.; Evans, T. Crop Diversification as a Smallholder Livelihood Strategy within Semi-Arid Agricultural Systems near Mount Kenya. Land Use Policy 2015, 42, 738–750. [Google Scholar] [CrossRef]

	



Bezabih, M.; Sarr, M. Risk Preferences and Environmental Uncertainty: Implications for Crop Diversification Decisions in Ethiopia. Environ. Resour. Econ. 2012, 53, 483–505. [Google Scholar] [CrossRef]

	



Kansiime, M.K.; van Asten, P.; Sneyers, K. Farm Diversity and Resource Use Efficiency: Targeting Agricultural Policy Interventions in East Africa Farming Systems. NJAS Wagening. J. Life Sci. 2018, 85, 32–41. [Google Scholar] [CrossRef]

	



Kurdys-Kujawska, A.; Strzelecka, A.; Zawadzka, D. The Impact of Crop Diversification on the Economic Efficiency of Small Farms in Poland. Agriculture 2021, 11, 250. [Google Scholar] [CrossRef]

	



Tibesigwa, B.; Ntuli, H.; Lokina, R.; Okumu, B.; Komba, C. Long-Rains Crops, Short-Rains Crops, Permanent Crops and Fruit Crops: The ‘Hidden’ Multiple Season-Cropping System for Adaptation to Rain Variability by Smallholder Farms. J. Environ. Manag. 2021, 278, 111407. [Google Scholar] [CrossRef] [PubMed]

	



Khan, I.; Lei, H.; Shah, I.A.; Ali, I.; Khan, I.; Muhammad, I.; Huo, X.; Javed, T. Farm Households’ Risk Perception, Attitude and Adaptation Strategies in Dealing with Climate Change: Promise and Perils from Rural Pakistan. Land Use Policy 2020, 91, 104395. [Google Scholar] [CrossRef]

	



Liu, Y.; Wang, S.; Chen, Z.; Tu, S. Research on the Response of Ecosystem Service Function to Landscape Pattern Changes Caused by Land Use Transition: A Case Study of the Guangxi Zhuang Autonomous Region, China. Land 2022, 11, 752. [Google Scholar] [CrossRef]

	



Franzluebbers, A.J.; Sawchik, J.; Taboada, M.A. Agronomic and Environmental Impacts of Pasture–Crop Rotations in Temperate North and South America. Agric. Ecosyst. Environ. 2014, 190, 18–26. [Google Scholar] [CrossRef]

	



Beillouin, D.; Ben-Ari, T.; Malézieux, E.; Seufert, V.; Makowski, D. Positive but Variable Effects of Crop Diversification on Biodiversity and Ecosystem Services. Glob. Chang. Biol. 2021, 27, 4697–4710. [Google Scholar] [CrossRef] [PubMed]

	



Lei, Y.; Liu, C.; Zhang, L.; Luo, S. How Smallholder Farmers Adapt to Agricultural Drought in a Changing Climate: A Case Study in Southern China. Land Use Policy 2016, 55, 300–308. [Google Scholar] [CrossRef]

	



Liu, Y.; Liu, J.; Zhou, Y. Spatio-Temporal Patterns of Rural Poverty in China and Targeted Poverty Alleviation Strategies. J. Rural. Stud. 2017, 52, 66–75. [Google Scholar] [CrossRef]

	



Xia, M.; Zeng, D.; Huang, Q.; Chen, X. Coupling Coordination and Spatiotemporal Dynamic Evolution between Agricultural Carbon Emissions and Agricultural Modernization in China 2010–2020. Agriculture 2022, 12, 1809. [Google Scholar] [CrossRef]








[image: Horticulturae 09 00627 g001 550] 





Figure 1. Theoretical analysis framework of specialized or diversified citrus farming. 
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Figure 2. Distribution of citrus cultivation regions in Guangxi and study area of the household survey. The regions marked with pentagon stars are the surveyed areas. 
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Figure 3. Distribution of Risk Attitude Coefficients with Aversion Class among Citrus Farmers. 
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Figure 4. Crop diversification index distribution of citrus farmers. (a) indicates the crop diversity distribution of farmers using Count index derived from direct counts and (b) is of crop diversification distribution calculated by the Shannon index. 
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Table 1. Risk Preference Estimation Procedure Based on Lottery Choice Decisions.
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	Decision
	Option A
	Option B





	1
	10% of USD 1500, 90% of USD 1200
	10% of USD 2800, 90% of USD 150



	2
	20% of USD 1500, 80% of USD 1200
	20% of USD 2800, 80% of USD 150



	3
	30% of USD 1500, 70% of USD 1200
	30% of USD 2800, 70% of USD 150



	4
	40% of USD 1500, 60% of USD 1200
	40% of USD 2800, 60% of USD 150



	5
	50% of USD 1500, 50% of USD 1200
	50% of USD 2800, 50% of USD 150



	6
	60% of USD 1500, 40% of USD 1200
	60% of USD 2800, 40% of USD 150



	7
	70% of USD 1500, 30% of USD 1200
	70% of USD 2800, 30% of USD 150



	8
	80% of USD 1500, 20% of USD 1200
	80% of USD 2800, 20% of USD 150



	9
	90% of USD 1500, 10% of USD 1200
	90% of USD 2800, 10% of USD 150



	10
	100% of USD 1500, 0% of USD 1200
	100% of USD 2800, 0% of USD 150







Notes: Chinese yuan (CNY) was used during the actual experimental process. USD 1500 = CNY 10,000, USD 1200 = CNY 8000, USD 2800 = CNY 19,000, and USD 150 = CNY 1000 based on USD exchange rates in 2021.
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Table 2. Risk perception in citrus farming: responses to scale questions (1 = strongly disagree; 9 = strongly agree).
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	Scale Item
	Definition
	Mean
	SD





	Item 1
	Weather and natural disasters have a major impact on my citrus growing
	6.85
	1.44



	Item 2
	My family could be exposed to great risks from lower market prices for citrus
	7.46
	1.13



	Item 3
	HLB disease and other pests and diseases are serious risks for my citrus farming
	7.18
	1.25



	Item 4
	Risks due to farm management and economic environment will result in a lower output for my citrus farming
	6.33
	1.19
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Table 3. Descriptions of variables used to assess citrus farmers’ land use choices.
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	Variables
	Definition
	Mean
	SD





	Diversification
	1 if planting citrus and multi-crops, 0 if planting only citrus
	0.611
	0.488



	Count index
	The number of crops commercially grown by the household
	2.578
	1.556



	Shannon index
	According to the Shannon index formula
	0.647
	0.595



	Risk perception
	Farmers’ perceptions of risk for citrus production
	27.821
	3.420



	Risk attitude
	Risk aversion coefficient estimated via experiment
	0.093
	0.109



	Land
	Total area of household farming land (hectares)
	1.085
	0.726



	Land plots
	Total number of household land plots
	3.808
	2.215



	Asset
	1 if household owns four-wheel-steering agricultural vehicles or cars, 0 otherwise
	0.314
	0.465



	Age
	Age of household head (years)
	48.946
	8.812



	Education
	Education of household head (years)
	7.846
	2.564



	Female
	1 if household head is female, 0 if male
	0.142
	0.349



	Ethnicity
	1 if household head’s ethnicity is minority, 0 otherwise
	0.382
	0.486



	Experience
	Household duration of engagement in citrus cultivation (years)
	8.379
	4.651



	Laborers
	Number of family laborers working on the farm
	2.568
	1.202



	Off-farm
	Share of family off-farm income
	0.181
	0.255



	Membership
	1 if farmer is a member of a cooperative, and 0 if not
	0.205
	0.404
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Table 4. Marginal effects influencing whether farmers grow other crops in addition to citrus.






Table 4. Marginal effects influencing whether farmers grow other crops in addition to citrus.





	
Variables

	
Whether Planting Citrus and Multi-Crops




	
Probit

	
IV-Probit

	
2SLS






	
Risk perception

	
0.024 *** (0.004)

	
0.027 ** (0.013)

	
0.031 ** (0.014)




	
Risk attitude

	
0.645 *** (0.131)

	
0.628 *** (0.131)

	
0.737 *** (0.154)




	
Land

	
−0.078 *** (0.018)

	
−0.077 *** (0.018)

	
−0.114 *** (0.023)




	
Land plots

	
0.059 *** (0.006)

	
0.057 *** (0.006)

	
0.062 *** (0.007)




	
Asset

	
−0.106 *** (0.025)

	
−0.105 *** (0.026)

	
−0.127 *** (0.036)




	
Age

	
−0.002 (0.001)

	
−0.003 (0.002)

	
−0.001 (0.002)




	
Education

	
−0.007 (0.005)

	
−0.005 (0.006)

	
−0.005 (0.006)




	
Female

	
0.016 (0.037)

	
0.017 (0.037)

	
0.021 (0.044)




	
Ethnicity

	
0.198 *** (0.025)

	
0.202 *** (0.025)

	
0.251 *** (0.033)




	
Experience

	
0.001 (0.003)

	
0.001 (0.002)

	
0.001 (0.003)




	
Laborers

	
0.084 *** (0.011)

	
0.085 *** (0.011)

	
0.106 *** (0.014)




	
Off-farm

	
−0.038 (0.052)

	
−0.051 (0.051)

	
−0.042 (0.060)




	
Membership

	
−0.067 ** (0.032)

	
−0.071 ** (0.033)

	
−0.097 ** (0.038)




	
Observations

	
429

	
429

	
429




	
Wald x2

	
181.01 *** (0.000)

	
127.24 *** (0.000)

	




	
F- statistic for IV sig.

	

	

	
62.03 *** (0.000)




	
F-statistic (2nd stage)

	

	

	
43.54 *** (0.000)








Notes: Standard deviations are reported in parentheses. **, and *** indicate statistical significance at the 5%, and 1% levels, respectively.
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Table 5. Results regarding the determinants influencing farmers’ crop diversification.






Table 5. Results regarding the determinants influencing farmers’ crop diversification.





	
Variables

	
Count Index

	
Shannon Index




	
Poisson

	
IV-Poisson

	
OLS

	
2SLS






	
Risk perception

	
0.025 *** (0.009)

	
0.017 *** (0.005)

	
0.027 *** (0.006)

	
0.012 *** (0.004)




	
Risk attitude

	
0.733 *** (0.274)

	
0.894 *** (0.228)

	
0.889 *** (0.199)

	
1.045 *** (0.215)




	
Land

	
−0.163 *** (0.053)

	
−0.178 *** (0.037)

	
−0.134 *** (0.031)

	
−0.145 *** (0.032)




	
Land plots

	
0.057 *** (0.014)

	
0.059 *** (0.011)

	
0.071 *** (0.009)

	
0.073 *** (0.010)




	
Asset

	
−0.237 *** (0.078)

	
−0.252 *** (0.063)

	
−0.185 *** (0.048)

	
−0.204 *** (0.051)




	
Age

	
0.003 (0.003)

	
0.002 (0.003)

	
0.001 (0.002)

	
0.001 (0.002)




	
Education

	
−0.009 (0.012)

	
−0.006 (0.009)

	
−0.011 (0.008)

	
−0.007 (0.008)




	
Female

	
0.004 (0.087)

	
−0.018 (0.074)

	
−0.008 (0.059)

	
−0.027 (0.062)




	
Ethnicity

	
0.257 *** (0.063)

	
0.262 *** (0.049)

	
0.264 *** (0.044)

	
0.274 *** (0.046)




	
Experience

	
0.001 (0.006)

	
0.003 (0.005)

	
0.001 (0.004)

	
0.00 (0.004)




	
Laborers

	
0.102 *** (0.026)

	
0.117 *** (0.021)

	
0.113 *** (0.018)

	
0.123 *** (0.019)




	
Off-farm

	
−0.092 (0.120)

	
−0.079 (0.095)

	
−0.065 (0.082)

	
−0.051 (0.084)




	
Membership

	
−0.085 (0.082)

	
−0.092 (0.068)

	
−0.078 (0.052)

	
−0.088 *** (0.034)




	
Observations

	
429

	
429

	
429

	
429




	
LR chi2/F-stat

	
179.60 *** (0.000)

	
GMM estimator

	
31.93 *** (0.000)

	
28.15 *** (0.000)








Notes: Standard deviations are reported in parentheses. *** denote significance at the 1% levels.
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Table 6. Robustness results of risk determinants influencing farmers’ crop diversification.
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Variables

	
Shannon Index




	
OLS

	
2SLS






	
Risk perception

	
0.036 *** (0.008)

	
-----

	
0.016 *** (0.005)

	
-----




	
Risk attitude

	
3.670 ** (1.625)

	
-----

	
1.801 *** (0.451)

	
-----




	
Risk attitude × Risk perception

	
0.098 (0.066)

	
0.035 *** (0.006)

	
0.065 (0.132)

	
0.034 *** (0.006)




	
F-stat (1st stage)

	
30.00 *** (0.000)

	
31.98 *** (0.000)

	
31.12 *** (0.000)

	




	
F-stat (2nd stage)

	

	

	
25.72 *** (0.000)

	
31.79 *** (0.000)








Notes: Standard deviations are reported in parentheses. **, and *** indicate statistical significance at 5%, and 1% levels, respectively.
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