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Abstract

:

To solve the problem of credit rationing for farmers that shackles the transformation and upgrading of the agricultural industry and to improve the effect of agricultural industry chains in helping farmers, this paper empirically examines the effect of joining agricultural industry chains on supply-based and demand-based credit rationing for farmers, using the probit and tobit models based on the microscopic research data of 991 farmers in Shaanxi Province, China, and explores its specific effect mechanism. The study finds that agricultural industry chains can increase farmers’ credit by reducing the information asymmetry between farmers and banks, reducing agricultural business risks, and forming effective collateral and guarantee mechanisms, and that they have significant mitigating effects on farmers’ supply-based quantity rationing and demand-based price rationing, risk rationing and transaction cost rationing. Credit enhancement mechanisms such as information systems, commercial credit, orders, guarantees, production services and government support in agricultural industry chains have significant effects on alleviating farmers’ credit rationing, while insurance has limited effects on alleviating farmers’ credit rationing. There are differences in the effects of agricultural industry chains on alleviating various types of credit rationing of heterogeneous farmers in terms of scale, and the effects of joining agricultural industry chains on alleviating supply-based and demand-based credit rationing of large-scale farmers are more obvious than those of small farmers. Compared with the existing studies, this paper incorporates the credit rationing produced from farmers’ own reasons into the analysis framework, and introduces credit-enhancing variables of agricultural industry chains to test their specific mechanisms on farmers’ credit rationing. The findings of this study can provide a theoretical basis for promoting the innovation of financial models of agricultural industry chains, which is of great practical significance for improving the system of agricultural industry chains in developing countries, strengthening the role of industrial chains in absorbing small farmers, and promoting the modernization of agricultural industries with financial assistance.
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1. Introduction


Agriculture is an engine of economic growth in developing countries, but the lack of access to formal credit for farm households remains a persistent problem that seriously hampers the development prospects of rural economies [1]. The sustained supply of agricultural credit is challenging in most developing countries [2], in large part because of the high risk of default and lack of sufficient assets as collateral for farmers to meet the prerequisites for formal credit [3]. The Chinese government has been committed to promoting rural financial reform, and with the advancement of agricultural industrialization, standardized and large-scale agricultural industry chains are gradually being formed, and the radiation-driven effect of leading agricultural enterprises is increasing, which has a significant effect on both the production and financing activities of farmers. With the horizontal selection, supervision, and commercial incentive of core enterprises, agricultural industry chains can increase the credit of farmers [4], and can improve the role of financial leverage in promoting the flow of financial factors to farmers and agriculture [5], playing a significant role in actively promoting financial support to agriculture and improving the credit rationing problems of farmers. However, the current implementation of the agricultural industry chain is not as effective as expected; the problem of credit rationing for farmers is still serious, the availability of formal credit for farmers is still low, and the degree of self-exclusion of financial services for farmers is still high [6]. Therefore, it is of great theoretical and practical significance to study the problem of farmer credit rationing from the perspective of the agricultural industry chain, analyzing the effect and its influence mechanism, and helping to promote financial support for rural industrial revitalization and agricultural modernization development.



The high risk and low profitability of agricultural operations themselves are the primary reasons why formal financial institutions are reluctant to lend to farmers [7,8],while high transaction costs induced by imperfect transaction mechanisms in rural credit markets mean that farmers usually face more severe credit rationing [9]. The high risk and low profitability of agricultural operations themselves lead to high-income volatility and weak risk resistance among farmers in general; most farmers lack the collateral that meets the requirements of banks, and the rural credit market generally suffers from incomplete information and an inadequate credit evaluation system, which largely exacerbate the information asymmetry between farmers and financial institutions, making profit-oriented banks shy away from lending to farmers. In addition, factors such as cognitive bias, risk aversion, and demand repression from the demand side itself may also lead to the problem of credit rationing for farmers [10,11,12]. On the one hand, the unsound information screening mechanism of financial institutions may send biased market signals to farmers who have borrowed money, resulting in cognitive biases meaning that farmers cannot obtain bank loans even if they apply for them, and voluntarily giving up applying for loans [13]; on the other hand, most farmers have poor risk-taking ability, and the high credit transaction costs and loan rejection rates make some farmers with potential capital needs voluntarily give up their intention to expand their production through bank borrowing [14]. Under the effect of both supply rationing and demand repression, the problem of credit rationing for farmers has widely existed for a long time, and the poor financing channels of agricultural financial resources have seriously hindered the transformation and upgrading of farmers’ large-scale operation and the development of the rural economy.



In the context of agricultural industrialization, the emergence of agricultural industry chains provides new ideas to improve the availability of credit to farmers and alleviate their financing dilemmas [15]. The agricultural industry chain is a multi-linked linkage system based on planting and breeding links, and through the effective organization of agricultural production, operation and marketing links, the overall efficiency and value of the industry chain can be improved [8]. Joining the agricultural industry chain is the main way to organically connect farmers with modern agriculture, which will inevitably have a significant effect on farmers’ production and operation and credit financing activities. Most of the current studies on the effect of agricultural industry chains on farmers focus on the effect of agricultural industry chains on farmers’ production and operation, and it is found that farmers joining agricultural industry chains can improve agricultural operation efficiency and reduce agricultural operation risks, and that there is a positive effect on alleviating the problem of loan difficulties [16]. First, the vertically integrated business model of the agricultural industry chain can provide productive services such as production materials, production technology, and market information to farmers [17,18], increasing the production factor inputs and the average agricultural income per mu of farmers [19]; second, the increased organization and production technology diffusion can enable farmers to obtain higher production technical efficiency [20], which further significantly improves farm household income levels overall [21]; finally, market-based management can also improve farmers’ market position and bidding ability, provide farmers with stable sales prices for agricultural products, and reduce the market risk of agricultural production [22].



Some scholars have explored the effect of agricultural industrial chains on farmers’ financing from the perspectives of information asymmetry and credit transaction mechanism. Most studies found through theoretical analysis and case studies that agricultural industry chains can effectively alleviate information asymmetry, form a collateral substitution mechanism for farmers who cannot provide qualified collateral, reduce credit transaction costs, and play a positive role in both improving the overall value of the chain and alleviating farmers’ financing dilemmas through the information flow, logistics, and commercial credit formed by relying on real trading relationships [16,23,24,25]. Several studies have shown that the agricultural industry chain internal financing model, as a form of credit for endogenous market transactions, has various advantages, such as resolving information asymmetries and reducing transaction costs [18], and is therefore a good alternative to formal credit; its internal financing model is the main source of credit access for farmers in many regions, and in some regions it is even the only source [26]. Some other scholars have empirically tested the effects of agricultural industry chains through micro research data. He, Q. et al. (2013) [27] found that there is a substitution relationship between intra-industrial chain financing and bank credit, which is an important channel for broadening farmers’ credit availability; Zhou, Y. et al. (2019) [28] argued that joining agricultural industry chain organizations can effectively reduce transaction costs due to information asymmetry and imperfect contract implementation mechanisms, and thus improve farmers’ credit availability; Zou, J. et al. (2019) [4] proposed that farmers can compensate for the deficiency of insufficient qualified collateral with the credit guarantee provided by the agricultural industry chain network, and that the supervision and incentive mechanism within the chain can improve the probability of farmers’ compliance and realize farmers’ credit enhancement, thus effectively solving farmers’ credit constraint problems.



Scholars’ studies have shown that joining agricultural industry chains can reduce the difficulty of credit risk management for financial institutions, improve the availability of credit for farmers, and have a positive effect on solving farmers’ credit problems. However, such studies have mostly identified credit supply-side factors as the main cause of farmers’ credit financing difficulties and examined the effect of joining agricultural industry chains on alleviating farmers’ financing difficulties caused by financial institutions’ “loan shyness”. However, demand-side rationing is the main form of credit rationing for most farmers in China [29,30], as the demand-side repressive behavior formed under long-term supply rationing may cause farmers who meet the credit requirements of banks to give up applying for loans, due to high interest rates, transaction costs, or risk costs [10,14]. To truly clarify the effect of joining the agricultural industry chain on the formal credit rationing of farmers and its mechanism of action, it is necessary to focus not only on supply-side factors but also on demand-side factors.



Based on the above analysis, using the micro-survey data from 991 farmers in Shaanxi Province, China, this paper empirically examines the effect of joining agricultural industry chains on farm credit rationing through probit and tobit models, and explores the specific underlying mechanisms that produce the effect. Compared with the existing research literature, the possible marginal contribution of this paper is mainly as follows: firstly, the credit rationing formed by farmers themselves is included in the analysis framework, and the effect of agricultural industry chains on farmers’ financing is investigated from two aspects, supply-based credit rationing and demand-based credit rationing, so as to clarify the real reasons why farmers are rationed out of the credit market and the effects of joining agricultural industry chains on various types of credit rationing of farmers. Secondly, the indicators of credit rationing factors are mostly selected based on the personal characteristics, economic characteristics and business characteristics of farmers, but there is a lack of characteristics of the credit enhancement mechanism of agricultural industry chains, and the selection of indicators of factors affecting farmers’ credit rationing is not targeted enough. In this paper, on the basis of fully analyzing the specific credit enhancement mechanism of agricultural industry chains for farmers, we introduce the characteristic variables related to the credit enhancement mechanism within agricultural industry chains as important control variables to test the specific mechanism of agricultural industry chains on credit rationing of farmers. Thirdly, we consider fully the influence of business scale on the credit rationing of farmers and conduct heterogeneity testing from this perspective to further expand the research on the effect of agricultural industry chain on farmers’ credit rationing problems.




2. Theoretical Analysis and Research Hypothesis


2.1. Farmers’ Credit Rationing Definition


Credit rationing is a phenomenon in which there is excess credit demand in the credit market due to interest rates below the level of market clearing [31]. Scholars have different understandings of excess credit demand and different definitions of credit rationing. According to Stiglitz et al. [32], a situation in which farmers’ formal credit demands cannot be met, and the credit rationing involved, consists of two scenarios: (1) from the bank’s point of view, some farmers with the same application conditions can obtain a loan, while some farmers are still denied loans even if they are willing to pay higher interest rates; (2) farmers receive fewer loans than they would like under the prevailing interest rate conditions, and cannot fail to meet the full demand for loans even if they are willing to pay higher interest rates.



Early studies mostly examined the credit rationing of financial institutions to borrowers from the supply perspective, taking quantity rationing as the only form of non-price credit rationing. With the depth of theoretical research, scholars found that, based on their demand repression, cognitive bias, and risk aversion, some borrowers with loan application conditions would actively withdraw from the credit market to form new credit rationing [13], and that, in addition to supply-based quantity rationing, there existed two other forms of demand-based rationing, namely risk rationing and transaction cost rationing [10]. Most of the later related studies classified farm credit rationing into two categories, supply-based rationing, and demand-based rationing, according to the different sources of credit rationing [29,30,33].



Based on this, this paper classifies farmer credit rationing into supply-side and demand-side, and defines them as follows: (1) supply-based credit rationing is caused by supply-side decisions, mainly quantity rationing, which refers to the situation where a farmer’s loan application is directly rejected by the bank or cannot be fully satisfied; (2) demand-based credit rationing is caused by demand-side decisions, which can be classified into price rationing, transaction cost rationing, and risk rationing, according to specific reasons. Price rationing is when farmers give up applying for loans due to high interest rates or lack of investment opportunities and no capital needs; transaction cost rationing is when farmers give up applying for loans due to their unwillingness to bear non-interest costs (such as time costs, social costs, transportation costs, etc.); risk rationing is when farmers give up applying for loans due to their aversion to potential risks (risk of loss of credit, risk of loss of land, etc.). Risk rationing is a situation in which farmers give up applying for loans because they are averse to the potential risks of loans (risk of losing credit, risk of losing land, etc.).




2.2. Analysis of the Effect of Joining Agricultural Industry Chains on Supply-Based Credit Rationing for Farmers


Stiglitz and Weiss (1981) [32] first included information asymmetry as a fundamental analytical tool in the analytical framework of neoclassical economics, and in the S-W model they developed, the bank’s expected return curve is non-monotonic, and when the interest rate increases to a certain level, the expected return falls instead. The presence of information asymmetry in the rural credit market makes it difficult for banks to identify the specific risk profile, and the bank risk increases with the interest rate; when banks make interest rate decisions, they do not choose to implement credit rationing at a level higher than the interest rate at which they perform optimal credit rationing. The S-W model suggests that adverse selection and moral hazard due to information asymmetry are the underlying reasons for banks implementing credit rationing. According to the principal–agent theory, if banks are unable to fully identify the potential risks of farmers and exercise complete supervision over farmers’ borrowing, the borrowing farmers may act in their interest to the detriment of banks, and the banks’ implementation of quantity rationing is a rational choice when the function of the interest rate clearing market is limited [34]. In addition, the high-risk nature of agricultural operations and the weak quality of agriculture determine the high cost and risk of rural credit operations; in the face of farmers’ excess borrowing demand, the banks’ rational credit decision is to reduce credit supply and implement property-based credit rationing [14]. While most farmers have average resource endowments and a lack of collateral that meets the banks’ requirements, this becomes another major obstacle for farmers obtaining bank credit support [35]. Thus, the high risk of the agricultural operations and the lack of collateral for farmers exacerbate information asymmetry, and are the main reasons why farmers are subject to quantitative bank rationing, in which the agricultural industry chains have an important mitigating role.



Firstly, the information network system and commercial credit formed by the agricultural industry chain can realize a certain degree of information sharing and alleviate the information asymmetry between farmers and banks. Unlike the traditional decentralized business model of small farmers, the agricultural industry chain is more organized, and the core enterprises can obtain information about the pre-production, production, and post-production stages of agricultural products through the vertically integrated business model of the industry chain; this can form an information network system within the agricultural industry chain [28], with information screening and default risk control [36]. Banks can rely on the core organization to obtain dynamic production and operation information from farmers, achieving continuous updating and the backward and forward verification of information, and avoiding adverse selection and moral hazard problems caused by information asymmetry [37]. In addition, the core enterprises provide commercial credit services such as credit sales and advance payments, by screening and evaluating high-quality farmers through the information on farmers accumulated by their internal information networks. The essence of commercial credit is mutual trust between the two parties of the transaction, and banks can obtain soft information on credit such as farmers’ performance behavior, credit binding and signaling, and achieve a reciprocal relationship, with the help of the horizontal selection behavior of core enterprises [4,16], which can effectively alleviate the information asymmetry between the lending parties. This leads to the research hypothesis H1:



Hypothesis 1 (H1): 

Joining agricultural industry chains can reduce the degree of information asymmetry between farmers and banks, thus alleviating the quantitative rationing to which farmers are subjected.





Secondly, the agricultural industry chain can improve the availability of agricultural production services and insurance services for farmers, and effectively reduce agricultural business risks. Agricultural industry chains bundle the interests of core enterprises and farmers through the benefit linkage mechanism, help farmers obtain several agricultural social services such as pre-production agricultural products supply, mid-production technical information services, and post-production marketing services, motivate farmers to increase production inputs and adopt new technologies [18], stabilize agricultural prices and improve the value of agricultural output [38], and, on the whole, significantly improve the technical efficiency of agricultural operations and income [21,39] and reduce agricultural business risks. In addition, most credit contracts of agricultural industry chain financing models have embedded insurance elements, such as the introduction of commercial insurance institutions and the establishment of risk guarantee funds [15], and it is easier for farmers to obtain insurance services when they join the agricultural industry chain. Agricultural insurance is an important tool for agricultural risk management and risk buffering [40], which can strengthen farmers’ risk awareness, reduce the frequency and extent of losses from agricultural risks [41], and help farmers quickly resume reproduction and reduce their business risks, by providing timely insurance compensation when risks occur [42]. In summary, research hypothesis H2 is proposed:



Hypothesis 2 (H2): 

Joining agricultural industry chains can reduce the risk of farming operations, thus alleviating the quantitative rationing to which farmers are subjected.





Finally, agricultural orders and intra-chain guarantees formed by agricultural industry chains based on real transactions can generate effective collateral value and solve the problem of farmers’ lack of collateral. Agricultural orders of agricultural industry chains are incorporated into the category of important collateral, and farmers can obtain special loans from banks for acquiring production materials and organizing agricultural production through their stable and reliable contractual relationships with buyers [43]. Agricultural orders can convey information about farmers’ repayment ability and their liquidation value to banks, thus forming collateral substitution and alleviating the farmers’ dilemma of being unable to obtain bank credit due to a lack of collateral [28]. Farmers form interest linkage mechanisms with core enterprises of the agricultural industry chain through agricultural orders, and when they apply for loans from banks they can also obtain guarantees from cooperatives or leading enterprises based on contractual relationships, without providing other collateral; the guarantees provided by core enterprises are an effective way of breaking the problem of insufficient collateral for farmers at the front end of the industry chain [15,23]. Therefore, research hypothesis H3 is proposed:



Hypothesis 3 (H3): 

Joining the agricultural industry chain can form an effective collateral guarantee mechanism for farmers and alleviate the quantitative rationing to which they are subjected.






2.3. Analysis of the Effect of Joining Agricultural Industry Chains on Demand-Based Credit Rationing for Farmers


Drawing on the farm household modeling ideas of Guirkinger et al. [7] and Cheng, Y. et al. [14], the intensity of farm household credit demand depends largely on the expected rate of return on borrowing; farm households are motivated to apply for loans to expand production only when the expected return on borrowing exceeds the farm household’s unborrowed retained earnings. Suppose the original capital owned by the farm household is K*, K* = K + W, where K is the productive capital of the farm household, including land and farm machinery, etc., and W is the non-productive capital of the farm household, such as cars, properties, and other properties that can be used as collateral. Assume that the size of formal credit available to the farm household is B, B = f (W), and the loan interest rate is r. The cost for the farm household to apply for a loan includes the interest cost rB, and the credit transaction cost other than the interest F. Assume that the production function of the farm household without a loan is Y = Q(K, L; δ), where L is the labor input and δ is the farm household characteristics’ variables, including the farm household’s production and business capacity. After obtaining the loan, the farmer can make production investments such as expanding the scale of operation and making technological upgrades. The output level of successful investment is YS, the output level of failed investment is Yf, and Yf < Y < YS. The risk level of the farmer’s investment in the production project is θ. The project’s output return will not cover the principal and interest cost of the loan if the investment fails, and the farmer will also face losing the collateral property W. Therefore, the farmer chooses to apply for a loan with the following conditions:


  ( 1 − θ )  Y S  + θ (  Y f  − W ) > Y + r B ( W ) + F  



(1)







The left side of Equation (1) is the farm household’s return when applying for a loan, and the right side is the retained return when the farm household does not apply for a loan. When the above equation holds, the farm household has the incentive to apply for a loan. When the bank interest rate r and transaction cost F are fixed, the farmers’ willingness to apply for loans depends mainly on the left-hand side of the loan application return. When the farmers’ investment return Ys is relatively low or the level of agricultural investment risk θ is high, the farmers will actively give up applying for loans because the interest rate is too high, thus causing price rationing. According to the previous analysis, the participation of farmers in the agricultural industry chain can significantly improve the technical efficiency of agricultural operations and farmers’ returns on the whole, reduce the risk of agricultural operations, and thus alleviate the price rationing of farmers. Based on the above analysis, research hypothesis H4 is proposed:



Hypothesis 4 (H4): 

Joining agricultural industry chains can reduce the risk of farming operations, thus alleviating the price rationing to which farmers are subjected.





Due to information asymmetry, realistically it is difficult for banks to effectively screen the credit risk of the borrowing farmers. Assuming that the probability of a bank wrongly rejecting a good borrower due to information misjudgment is p (0 < p < 1), then only (1 − p) valid borrowing farmers can obtain loans, at which point Equation (1) becomes:


  ( 1 − p ) [ ( 1 − θ )  Y s  + θ (  Y f  − W ) − r B ( W ) − F ] + p ( Y − F ) > Y  



(2)







That is,


  ( 1 − θ )  Y  s   + θ  (  Y  f   − W )  > Y + r B ( W ) +  F  1 − p    



(3)







From Equation (3), it can be seen that when the credit transaction cost F is too high, even though the benefits from applying for a loan may be higher than the retained benefits from not applying for a loan, farmers will actively give up applying for a loan because of the lower expected benefits from high transaction costs, thus forming transaction cost rationing. In addition, since 0 < p < 1, it can be seen that the misjudgment of bank information caused by information asymmetry will lead to higher loan application costs for farmers, which will further exacerbate the extent to which farmers implement self-rationing due to high transaction costs. From the previous analysis, it can be seen that agricultural industry chains can alleviate information asymmetry and form effective collateral and guarantee mechanisms, thus reducing the excessive transaction costs transferred to farmers by banks due to information asymmetry and insufficient collateral of farmers, and alleviating the transaction cost rationing suffered by farmers. Based on the above analysis, hypothesis H5 is proposed:



Hypothesis 5 (H5): 

Joining the agricultural industry chain can reduce the degree of information asymmetry and form an effective collateral guarantee mechanism, thus alleviating the transaction cost rationing suffered by farmers.





The risk of investment failure faced by the loan application causes loss of collateral and loss of creditworthiness, making farmers with risk-averse preferences demand a certain risk discount compensation v (v > 0); a certain amount of fixed wealth is needed to compensate for the uncertainty risk. Assuming that the farmer is risk averse to the risk faced by the loan application, then Equation (2) will become:


  ( 1 − p ) [ ( 1 − θ )  Y s  + θ (  Y f  − W ) − r B ( W ) − F ] + p ( Y − F ) − v > Y  



(4)







This leads to


  ( 1 − θ )  Y  s   + θ  (  Y  f   − W )  > Y + r B ( W ) +   F + v   1 − p    



(5)







Since v > 0, it can be seen that the cost of a loan application by farmers who have considered risk discount compensation is further increased, and when farmers’ income after applying for loans cannot compensate for the risk discount required due to risk aversion, farmers will also actively give up applying for loans, thus causing risk rationing. From the previous section, it is clear that the agricultural industry chain can reduce the business risk of farmers; with the help of real trading relationships and reasonable contractual relationships between different subjects in the chain, effective collateral, and guarantee mechanisms are formed to share the agricultural credit risk and reduce the probability of farmers being subject to risk rationing. Based on the above analysis, hypothesis H6 is proposed:



Hypothesis 6 (H6): 

Joining the agricultural industry chain can reduce the risk of agricultural operations and form an effective collateral guarantee mechanism, thus alleviating the risk rationing to which farmers are subjected.







3. Materials and Methods


3.1. Research Methods


3.1.1. Farmers’ Supply-Based Credit Rationing


Consider that farmers choose to engage in formal or informal credit only after they have a credit need; similarly, farmers choose whether or not to apply for a bank loan only after they have a formal credit need. Therefore, there is a sample selection problem here. That is, the first problem is whether the farmer has a formal credit need, and then whether or not the farmer applies for a loan and is subject to credit rationing. To address the possible self-selection bias in the sample, this paper uses a Heckman two-stage model to correct the bias. The Heckman two-stage model jointly estimates whether a farmer has formal credit demand and whether a farmer receives formal credit rationing, which can, to some extent, correct the estimation bias caused by the sample selection problem. The effect of agricultural industry chains on the quantity rationing of farmers is analyzed by constructing a Heckman two-stage model. The first stage examines the influencing factors affecting farm households’ applications for bank loans, and the constructed econometric model is as follows:


   P i  =  α 1  +  β 1   X i  +  δ  1 i    Z  1 i   +  ε 1   



(6)




where Pi represents the probability of the ith farm household applying for a bank loan, Xi is the core explanatory variable representing whether the ith farm household joins the farm chain or not, Z1i is the control variable representing various other factors affecting the farm household applying for a loan, α1 is the constant term, and ε1 is the random disturbance term. The second stage examines the factors influencing the farmers to be subjected to quantity rationing, and the following econometric model is constructed:


   P i    q  =  α 2  +  β 2   X i  +  δ  2 i    Z  2 i   + λ I M  R i  +  ε 2   



(7)




where Piq represents the probability that the ith farm household is subject to quantity rationing, Z2i represents each control variable that affects the quantity rationing of farm households, α2 is a constant term, and ε2 is a random disturbance term. IMRi is the inverse Mills ratio calculated from the first-stage regression model, and if IMRi is not significant then it indicates that there is no self-selection bias in the sample. This paper will draw on the research method of Gu, Q. et al. [12] and directly analyze the effect of joining the agricultural industry chain on the quantity rationing of farm households through the probit model to analyze the effect of joining the agricultural industry chains on the number of farm households rationed. The constructed econometric model is as follows:


   P i    *  =  α 3  +  β 3   X i  +  δ  3 i    Z  3 i   +  ε 3     



(8)







Similarly, Z3i represents each control variable that affects the quantity rationing of farmers, α3 is a constant term, and ε3 is a random disturbance term. Since quantity rationing is caused by the size decision of bank credit contracts, drawing on Peng, P. et al. [30], the actual final loan amount received by farmers is selected to measure the extent to which farmers are subjected to quantity rationing; the effect of joining agricultural industry chains on the extent to which farmers are subjected to quantity rationing is further analyzed through a tobit model, and the constructed econometric model is as follows:


   Y  i   =  α  4   +  β  4    X  i   +  δ  4 i    Z  4 i   +  ε  4    



(9)




where Yi represents the actual loan amount received by the ith farmer, Z4i represents the control variables affecting the loan amount of the farmer, α4 is a constant term, and ε4 is a random disturbance term.




3.1.2. Farmers’ Demand-Based Credit Rationing


The effect of joining agricultural industry chains on demand-based rationing by farm households is first examined in a holistic manner. Since farmer credit rationing is a typical binary choice problem, such studies mostly use probit and logit models for estimation. Drawing on Peng, P. et al. (2018) [30] and Gu, Q. et al. (2019) [12], this paper selects the probit model to analyze the effect of joining agricultural industry chains on farmers’ demand-based rationing and the logit model for subsequent robustness tests. The constructed measurement equation is as follows:


   P i    d  =  α 5  +  β 5   X i  +  δ  5 i    Z  5 i   +  ε  5    



(10)




where Pid represents the probability that the ith farmer is subject to demand-based rationing, Z5i represents the control variables affecting demand-based rationing, α5 is a constant term, and ε5 is a random disturbance term.



Secondly, farmers with nominal credit demand are subject to demand-based rationing because of price, transaction costs, and high risk, and voluntarily forego the opportunity to invest for higher returns. To clarify the effect of joining agricultural industry chains on various types of demand-based rationing of farmers, a probit model is constructed for targeted analysis based on setting multiple dummy variables for different types of demand-based rationing, and the specific form of the constructed econometric model is as follows:


   P  i   p   =  α  6   +  β  6    X  i   +  δ  6 i    Z  6 i   +  ε  6    



(11)






   P  i   p   =  α  7   +  β  7    X  i   +  δ  7 i    Z  7 i   +  ε  7    



(12)






   P  i   p   =  α  8   +  β  8    X  i   +  δ  8 i    Z  8 i   +  ε  8    



(13)




where Pip, Pit, and Pir represents the probability that the ith household is subject to price rationing, transaction cost rationing, and risk rationing, Z6i, Z7i, and Z8i correspond to the control variables that affect price rationing, transaction cost rationing, and risk rationing, α6~α8 is a constant term and ε6~ε8 is a random disturbance term.





3.2. Date Sources


The data in this paper come from the subject group’s field survey of the Qianyang, Luochuan, and Meixian counties in Shaanxi Province of China from July to September 2021. The agricultural industry in the research area is relatively mature, and the agricultural industry chain operation and industry chain financing are typical and representative. In Qianyang, recognized by the Chinese National Standards Committee as the national comprehensive standardization demonstration zone for the dwarf apple rootstock, and the only orchard mechanization demonstration base in China, the development of the modern apple industrial chain has begun to take shape. Meixian County is the largest kiwifruit production base in China. It was approved by the Ministry of Agriculture and Village and the Ministry of Finance in 2018 for the establishment of a national modern agricultural industry park. Luochuan is a national base county for apple export and a national demonstration county for the industrialization of advantageous agricultural products, with a significant industrial cluster effect and with a level of equipment of the whole industrial chain ranking first among the 120 apple base counties in China. The survey was conducted in three stages, using a stratified sampling method. Specifically: in the first stage, 4–10 townships were selected from Qianyang, Luochuan and Meixian; in the second stage, 2–4 administrative villages were randomly selected in each township; and in the third stage, 15–25 farming households were randomly selected in each sample village as research subjects, and the investigators of the research team conducted household surveys. The survey was conducted in the form of face-to-face interviews, and the survey content included information on the characteristics of farmers, agricultural business conditions, farmers’ industrial chain participation, credit demand and financing information, etc. A total of 1044 samples were obtained from the survey, and 991 usable samples were finally obtained by eliminating the questionnaires with obvious errors and missing data, with an efficiency rate of 96.11%.




3.3. Variable Selection


3.3.1. Explanatory Variables


The explanatory variables were divided into two parts, one on supply-based credit rationing by farmers and the other on demand-based rationing by farmers, and the selected variables are shown in Table 1. Scholars’ approaches to empirical measurement of farm credit rationing can be broadly classified into three main categories: econometric modeling, indirect measurement, and direct inquiry methods (DEM). The econometric model approach tends to rely on a large number of time series or panel datasets with high data requirements [44], while the indirect measurement approach is susceptible to the influence of farmers’ subjective emotions and sample selection, and neither of them can effectively screen farmers’ specific types of credit rationing [12]. The direct questioning method investigates farmers’ participation in the credit market by designing relevant questions which can directly obtain effective classification information and avoid possible problems such as not being easy to quantify and not being able to take into account different rationing types [30]. Therefore, most of the current identification of farmers’ credit rationing uses the direct elicitation questioning method (DEM) proposed by Boucher (2008) [10]. The participation of farmers in the formal credit market is investigated by designing relevant questions to identify the credit rationing of the surveyed farmers. DEM provides direct access to disaggregated information, and the degree of sample identifiability and sample completeness are improved. Firstly, through question Q1: “Have you ever applied for a loan from a bank?”, the farmers were divided into two categories: those who applied for loans and those who did not. For those who applied for a loan, we continued with question Q2: “Has the bank loan you applied for been approved? “ and Question Q3: “If yes, what is the loan amount S you applied for? What is the actual loan amount D you received?” To determine whether the farmers were subject to quantity rationing, for those who did not apply for a loan, question Q4: “What was your reason for not applying for a loan?” was used to determine the price rationing. The process of identifying credit rationing for farmers based on the above survey questions is shown in Figure 1.



In the Heckman two-stage model, regression coefficients can be difficult to identify if the independent variables in both stages are identical. Therefore, the first stage needs to contain at least one independent variable that satisfies exclusivity [30]. Drawing on the approach of LI, Q. et al. [29], large event expenditure (shock) was selected as the first-stage identification variable, and this variable would theoretically have a positive effect on the dependent variable loan application.




3.3.2. Core Explanatory Variables


Whether farmers join the agricultural industry chain or not is selected as the core explanatory variable and denoted by indu_chain. The agricultural industry chain is a network system containing multiple links of agricultural production, such as pre-production, production and post-production, mainly through planting and breeding links [8]. Farmers mainly participate in the development of the agricultural industry chain through the planting and breeding links in the middle reaches of the chain, and the ways of joining the agricultural industry chain include linking with the core enterprises through shareholding or signing economic contracts, among which the property rights linkage is mostly seen in agricultural cooperatives. In this paper, drawing on the definition method of Zhou, Y. et al. [28], the indu_chain variable is measured by whether farmers join agricultural cooperatives and whether they sign planting and breeding orders or sales orders with the core enterprises of the agricultural industry chain (agricultural enterprises or agricultural cooperatives).




3.3.3. Important Control Variables


Agricultural industry chains can effectively alleviate credit rationing for farmers through various credit enhancement mechanisms. According to the previous analysis, alleviating information asymmetry, reducing agricultural risks, and forming collateral guarantee mechanisms are the main ways of increasing credit for farmers in agricultural industry chains, as shown in Figure 2. Therefore, we select variables from these three aspects to investigate the mechanism of agricultural industry chains on credit rationing for farmers. First, “information system” and “business credit” are selected to measure the information asymmetry of farmers. The information network within the agricultural industry chain can provide an effective reference for banks to identify farmers’ information, and the commercial credit formed based on the real transaction relationship of the industry chain is an effective carrier for transmitting bank credit [16], which can effectively alleviate the information asymmetry between the lending parties. Second, “government support” and “agricultural insurance” are selected to measure the agricultural risk status of farmers. The social services provided by core enterprises to farmers in terms of production inputs, technology, information, and market access can improve farmers’ production efficiency and reduce agricultural risks [21]. Government support also plays an important role in coordinating the responsibilities of all parties in the chain and clarifying risk sharing, and the active government is the key to the effective operation of the agricultural industry chain [15]. Agricultural insurance is an important tool for agricultural risk management which can improve farmers’ risk-coping ability and alleviate the high risk of agricultural loans [41]; finally, “agricultural orders” and “guarantee behavior” are selected to measure farmers’ collateral status. Banks can obtain information about farmers’ repayment ability and production operation by using the order contracts formed by real trading relationships, which can form an effective collateral substitute [28]. The guarantee provided by agricultural cooperatives and agricultural enterprises at the core of the industry chain for upstream and downstream farmers can improve access to credit for farmers lacking effective collateral, which is an important way for farmers to obtain loans [23].




3.3.4. Other Control Variables


To control the influence of other factors, a set of indicator variables including farmers’ characteristics, household characteristics, business characteristics, and financial characteristics were selected as other control variables, drawing on the variable design in domestic studies on farmers’ credit rationing [11,29,30]. Among them, due to the existence of information asymmetry, social capital requirements are often implicit in bank credit contracts, and social capital such as human relations and political resources can influence banks’ lending decisions and become the criteria for farmers’ self-assessment of loan application qualifications [45], so social capital variables were included in farmers’ characteristics; previous studies have mostly measured farmers’ past credit experiences by whether or not they have received formal credit. For farmers who have received formal loans, the number of times they have received loans also affects their decision to apply for loans and the banks’ lending consideration, so this paper selects “the number of times farmers have received loans from banks in the past three years” to measure past credit experience. All variables selected in this article are shown in Table 1.





3.4. Descriptive Statistical Analysis


The results of the descriptive statistical analysis of the sample variables, classified according to “whether or not to join the agricultural industry chain”, are shown in Table 2. When we do not control any conditions, we can see that the average loan amount of farmers who join the agricultural industry chain is CNY 82,000, and that of farmers who do not join the agricultural industry chain is CNY 31,000. The average loan amount of farmers joining the agricultural industry chain is significantly higher than that of farmers who do not join the agricultural industry chain. The average values of supply-based rationing and demand-based rationing of farmers in the agricultural chain are 0.15 and 0.22, respectively, and the average values of supply-based rationing and demand-based rationing are 0.27 and 0.63, respectively. Joining the agricultural industry chain can significantly reduce the probability of farmers receiving credit rationing from the supply side and the demand side. However, compared with farmers who do not join the agricultural industry chain, the average agricultural acreage and average annual household income of farmers who join the agricultural industry chain are also significantly higher, which may indicate that farmers with large production scales are more likely to be rationed by credit. Although the descriptive statistical results show that joining the agricultural industry chain may have an effect on the credit rationing suffered by farmers, the systematic differences between farmers in agricultural production and management have not been taken into account; therefore, the specific effect of joining the agricultural industry chain on farmers’ credit rationing needs to be further tested using the empirical model.



Furthermore, to analyze the effect of the agricultural industry chain on different types of credit rationing of farmers, this paper carries out a cross-analysis of whether or not to join the agricultural industry chain and farmers’ credit rationing types. The results are shown in Table 3. Among the 991 sample farmers, 625 farmers received credit rationing, accounting for 63.07% of the total sample, indicating that the problem of rural credit rationing is still serious. Among the farmers who received credit rationing, 209 farmers received supply rationing and 416 farmers received demand rationing. The rationing from the demand side accounted for 66.56% of the total credit rationing, which is consistent with the research conclusion of Peng P. et al. [30], indicating that demand rationing is the main form of rural credit rationing. The sample proportion of farmers who joined the agricultural industry chain is significantly lower than those who did not join the agricultural industry chain, which shows that joining the agricultural industry chain can alleviate the credit rationing problem of farmers to a certain extent.





4. Result


4.1. Analysis of Regression Results of Supply-Based Rationing for Farmers


Before conducting the regression tests, to prevent the problem of multicollinearity between variables, this paper uses the variance inflation factor (VIF) to test the multicollinearity problem. Table 4 shows the VIF test values for all explanatory variables from largest to smallest, with larger values of VIF indicating more severe covariance. The test results show that the maximum value of VIF is 1.33, which is less than the critical value of 10, and the mean value of VIF is 1.21, which is less than the critical value of 2. This fully indicates that there is no multicollinearity problem among the variables involved in the paper, and regression analysis can be conducted.



The regression results of the Heckman two-stage model are shown in Table 5. The inclusion of agricultural industry chains positively affects the application of loans to farmers and negatively affects the quantity rationing of farmers at the 1% significance level, indicating that the inclusion of agricultural industry chains may reduce the probability of farmers being rationed from the demand side as well as the supply side, to some extent. Among these results, the p-value of the inverse Mills ratio of the Heckman two-stage model is 0.28, which does not pass the significance test, indicating that the problem of self-selection bias in the sample may not exist. Therefore, the probit model is considered to continue the regression test for quantity rationing. The results of the probit regression on quantity rationing are shown in Table 4. From the results, it can be seen that joining agricultural industry chains has a significant negative effect on the quantity rationing of farmers, and for every 1% increase in the probability of farmers joining agricultural industry chains, the probability of receiving quantity rationing decreases by 0.11%; joining agricultural industry chains has a significant positive effect on the number of loans received by farmers, and for every 1% increase in the probability of joining agricultural industry chains, the amount of loans received by farmers decreases by 0.11%. The number of loans received by farmers increased by CNY 196.26 for every 1% increase in the probability of joining agricultural industry chains. This indicates that joining agricultural industry chains can alleviate the quantity credit rationing of farmers from the supply side and improve the level of bank credit supply. This is consistent with the findings of Zhu, G. et al. (2022) [46], which suggest that farmers’ participation in agricultural industry chains linked to core enterprises has a credit spillover effect that can increase financial institutions’ perception of farmers’ credit, which in turn has a catalytic effect on enhancing the credit size of farmers.



Among the significant control variables, the information system and commercial credit have a significant negative effect on quantity rationing, and every 1% increase in the probability that farmers are equipped with an information system decreases the probability that they are subject to quantity rationing by 0.13%. This indicates that the production and transaction information of a digital information platform effectively alleviates the information asymmetry between financial institutions and farmers, reducing the information identification cost before lending and the supervision cost after lending by financial institutions, and improving the probability of farmers being subject to quantity rationing: this is reduced by 0.22% for every 1% increase in the probability of farmers receiving commercial credit services. This further verifies the findings of Wu, B. et al. (2018) [25], indicating that commercial credit has information advantages; core enterprises in the agricultural industry chain can use the advantages of localized information, industrial information, risk control, and low transaction costs to reduce the default risk of commercial credit ex ante and ex post, and screen out high-quality farmers, to achieve low-cost commercial credit services. These, in turn, can transmit farmers’ credit information to banks, and is a useful complement to the increase in farmers’ formal lending credit which can significantly reduce the degree of information asymmetry between farmers and banks and alleviate the quantitative rationing to which farmers are subjected, and the research hypothesis H1 is verified.



Production services have a significant negative effect on quantity rationing, indicating that farmers can improve their agricultural production, operation efficiency, and risk resistance by relying on the agricultural industry chain to obtain production and operation guidance and technical support from core enterprises, thus improving their solvency. The more production service support farmers receive, the better their agricultural operation management and development ability, and the easier it is to obtain bank loans; government support has a significant negative effect on quantity rationing, indicating that the government’s policy guidance and high level of support for the agricultural industry can enhance farmers’ confidence in technological upgrading and agricultural production and reduce agricultural business risks; agricultural insurance has a negative but insignificant effect on quantity rationing, probably because the development of the rural insurance business is not yet perfect and the risk-sharing effect of agricultural insurance is limited. Agricultural insurance has a significant positive effect on the loan amount, and every 1% increase in the probability of farmers purchasing agricultural insurance increases the number of loans obtained by CNY 120.37, indicating that agricultural insurance can improve farmers’ ability to cope with risks. The embedded insurance element in credit contracts can effectively share credit risks and help improve farmers’ ability to obtain loans. Therefore, the inclusion of agricultural industry chains can reduce agricultural risk and alleviate the quantitative rationing to which farmers are subjected, and the research hypothesis H2 is verified.



Agricultural orders have a negative but insignificant effect on quantity rationing, probably because there is currently no unified standard paradigm for agricultural orders, and it is difficult for contracts signed between farmers and agricultural enterprises or cooperatives to serve as a reference for banks’ lending, making the extent of alleviating quantity rationing limited. Agricultural orders have a significant positive effect on the loan amount; for every 1% increase in the probability that banks use agricultural orders as a basis for lending, the loan amount received by farmers increases by CNY 224.15, indicating that agricultural orders that meet banks’ lending conditions can be used as collateral substitutes to significantly increase farmers’ loan amount. Guarantee behavior has a significant negative effect on quantity rationing; for every 1% increase in the probability of core enterprises providing guarantees for farmers, the probability of farmers being subject to quantity rationing decreases by 0.07%, indicating that guarantees provided by core enterprises can form an effective collateral substitute and alleviate the probability of farmers being subject to quantity rationing. The positive but insignificant effect of guarantee behavior on loan amount may be because the number of farmers who can obtain guarantees from core enterprises is currently a minority, and the effect on enhancing farmers’ loan accessibility is insignificant. Therefore, the inclusion of agricultural industry chains can form effective collateral and guarantees for farmers and alleviate the quantitative rationing suffered by farmers, and the research hypothesis H3 is verified.



Among the other control variables, age has a significant negative effect on quantity rationing, which may be explained by the fact that as farmers get older, their agricultural productivity and solvency decrease significantly, and banks tend to lend to younger farmers to control default risk. Social capital has a significant negative effect on quantity rationing, which again confirms previous studies by scholars [45], suggesting that relational lending is still prevalent in rural credit markets and that farmers with more social capital have a higher probability of receiving formal credit support through social network support. Age and education level have a significant positive effect on quantity rationing; household income and farmland area have a significant positive effect on quantity rationing, which indicates that large-scale farmers have a stronger demand for production funds and are more inclined to upgrade their production through formal borrowing; this also validates the study by Zhang, L. et al. (2018) [9], indicating that currently, due to the restricted function of farmland management rights collateral, the access to formal credit of farmers with larger agricultural operations is not improved, and thus they are instead more vulnerable to quantity rationing from the supply side; total household assets and farmland cultivation area are significantly and positively related to the number of loans obtained by farmers. Total household assets and acreage of farmland are important reference factors for bank lending, and are also important collateral for farmers for applying for loans, which can increase the number of loans obtained by farmers. Past credit experience has a significant positive effect on quantity rationing, which is also in line with the basic logic that people who have credit experience and frequent contact with creditors have a better understanding of loan processes and policies, and are more likely to turn to banks when they encounter financial problems. Credit rating and past credit experience have a significant positive effect on the amount of loans farmers receive. Farmers with credit ratings or who have received bank loans before have a better understanding of their personal status and business situation, and the degree of information asymmetry is lower, which can improve the level of bank credit supply.




4.2. Analysis of Regression Results of Demand-Based Rationing for Farmers


The regression results of the probit model for demand-based rationing of farmers are shown in Table 6, which shows that joining agricultural industry chains has a significant negative effect on demand-based rationing of farmers. As shown in Table 7, the regression results of the probit model for each type of demand-based rationing of farmers show that joining agricultural industry chains has a significant negative effect on the price rationing, transaction cost rationing, and risk rationing of farmers. For every 1% increase in the probability of farmers joining agricultural industry chains, the probability of price rationing, transaction cost rationing, and risk rationing decreases by 0.20%, 0.13%, and 0.04%, respectively, indicating that, regardless of the reasons for farmers giving up loan applications, joining agricultural industry chains can increase farmers’ willingness to apply for loans and effectively alleviate credit rationing, due to demand-side reasons.



The regression results of different types of demand-based rationing in Table 7 show that price rationing is significantly and negatively affected by production services and government support, and for every 1% increase in the probability of farmers receiving productive services and government support from core enterprises, the probability of being subject to price rationing decreases by 0.02% and 0.03%, respectively. This further confirms the study of Wu, B. et al. (2016) [22], which shows that the participation of farmers in the agricultural industry chain with core enterprises helps them to obtain productive services and policy support, which has a significant positive effect on agricultural technology diffusion and production technology improvement. Thus, it can significantly reduce the agricultural business risk of farmers, which in turn increases their productive profitability expectations and investment intentions, and alleviates the price rationing to which farmers are subjected, and the research hypothesis H4 is verified.



Transaction cost rationing is significantly and negatively affected by information systems and agricultural orders, and for every 1% increase in the probability of having information systems and agricultural orders available as a reference for borrowing, the probability of farmers being subject to price rationing decreases by 0.09% and 0.19%, respectively. This further validates the study of Zhou, Y. et al. (2019) [28], which shows that farmers’ participation in agricultural industry chains can rely on internal information network systems and core business organizations to more easily transmit their soft credit information to banks, which in turn can reduce the degree of information asymmetry. At the same time, it can form an effective collateral and guarantee credit enhancement mechanism by relying on the contractual relationship with the core enterprises or the guarantee provided by them. Therefore, it can significantly reduce the credit transaction costs between farmers and banks, and thus alleviate the transaction cost rationing to which farmers are subjected, and the research hypothesis H5 is verified. In addition, government support also has a significant negative effect on transaction cost rationing; with each 1% increase in government policy support for farmers’ production and operation, the probability of farmers being subject to price rationing decreases by 0.02%. This may be explained by the obvious policy orientation of China’s agriculture, in which strong government support can enhance confidence in agricultural production and operation, motivate banks to take the initiative to carry out credit operations, and reduce farmers’ application for loans transaction costs.



Risk rationing is significantly and negatively influenced by information systems, government support, and agricultural orders, and for every 1% increase in the probability of having information systems, government policy support for farmers’ production and operation, and agricultural orders as a reference for borrowing, the probability of farmers being subject to risk rationing decreases by 0.08%, 0.02%, and 0.07%, respectively. This further validates the findings of Liu, S. et al. (2019) [20], indicating that farmers’ participation in the agricultural industry chain equipped with information systems and access to government support helps them obtain accurate market information and access to more advanced production technologies. These have significant effects on reducing both market risk and production risk, and can therefore reduce the potential risks that farmers need to bear when engaging in agricultural production and operation, thus reducing the probability that farmers will not apply for loans for fear that they will not be able to repay the loans, due to business failure. The agricultural orders signed between farmers and core enterprises or the guarantees obtained can form effective collateral substitution, which can also significantly reduce the probability of losing collateral and mitigate and compensate the risk of agricultural production and operation; thus, the risk rationing to farmers is alleviated, and the research hypothesis H6 is verified.



Among other control variables, age and the proportion of the labor force are significantly positively correlated with price rationing, which may be because older families with a large proportion of family labor often lack the motivation to expand agricultural production, are more sensitive to interest rates, and are more vulnerable to price rationing. The annual household income, land cultivation area, and production technology level are significantly and negatively correlated with price rationing, and new agricultural management subjects such as large-scale farmers or family farms with high annual household income, large land cultivation area, and high production technology have a strong willingness to invest in production, and are less likely to be subject to price rationing, due to high production efficiency and agricultural profitability; social capital is significantly and positively correlated with transaction cost rationing. The possible explanation is that farmers with rich social ties have more financing channel options and are more likely to give up formal borrowing applications due to high transaction costs; land cultivation area and production technology level are significantly and positively related to risk rationing, probably because professional farmers with high production technology and who are operating large land areas are more afraid of the risk of land loss and are more cautious about borrowing behavior; credit rating has a significant negative effect on price rationing, transaction cost rationing and risk rationing, indicating that the improvement in the rural credit evaluation system can significantly improve farmers’ willingness to finance. Past credit experience has a significant negative effect on price rationing and risk rationing, and a negative but insignificant effect on transaction cost rationing, indicating that farmers with borrowing experience are more inclined to turn to formal financial institutions to obtain loans when they encounter financial difficulties, and to actively give up borrowing from banks, and the probability of actively giving up lending from banks is relatively low.




4.3. Robustness Tests


Extreme values in the survey data can affect the stability of the estimation results, and to exclude the influence of extreme values this paper refers to the treatment of Li, Q. et al. (2018) [47] and Sun, G. et al. (2021) [48] to rank the sample farm households according to their household income, and exclude the samples whose household income is in the poorest 5% and the richest 5%. After the treatment, the OLS model and the logistic model regressions were conducted for loan amounts and various types of credit rationing, respectively, and the results are shown in Table 8. After excluding the extreme values, it is still confirmed that the inclusion of an agricultural industry chain can effectively reduce the probability of farmers being subject to various types of credit rationing, which is consistent with the conclusion of the benchmark regression; the significance and direction of other important control variables also remain consistent with the results of the benchmark regression, indicating that the results are robust.




4.4. Heterogeneity Test


Since the effect of agricultural industry chains on the credit rationing of farmers of different operation sizes is heterogeneous, this paper divides farmers into small and large-scale farmers, based on their operation sizes, and conducts heterogeneity tests. The Chinese National Bureau of Statistics (NBS) defines large farmers as those with a planting area of 50 mu or more, and the sample farmers in this paper mainly grow cash crops such as apples or kiwis, which are three-to-five times more labor-intensive than food crops [49], so farmers with a planting area of fewer than 10 mu are defined as small farmers and those with 10 mu or more are defined as large-scale farmers. The model regression results are shown in Table 9 and Table 10. They show that the inclusion of agricultural industry chains has a significant negative effect on both supply-based rationing and demand-based rationing for small and large-scale farmers, but that the credit rationing for large-scale farmers is mitigated to a deeper extent. This may be explained by the different credit values of agricultural industry chains for farmers of different cultivation scales and by the fact that large-scale farmers, compared with small farmers, have significant advantages in terms of production efficiency, marketing channels, and risk resistance. The effect of joining the agricultural industry chain on the demand-based rationing of small farmers is mainly reflected in price rationing and transaction cost rationing, while the effect on the demand-based rationing of large-scale farmers is mainly reflected in risk rationing; this may be explained by the fact that for small farmers, the small percentage of agricultural income has low returns, and, due to their insufficient demand, they are likely to be reluctant to bear the interest and excessive costs. The small-scale farmers are more likely to forgo loans, because they are unwilling to bear high-interest rates and costs, and are therefore subject to higher price rationing and transaction cost rationing; large-scale farmers are subject to higher risk rationing because of the higher value of their land assets and their greater control over production and investment decisions. The large-scale farmers have stronger productive investment demand, larger and more efficient credit demand, and can spread the fixed costs of credit transactions, so they are subject to lower price rationing and transaction cost rationing.





5. Discussion


In this study, we reveal the effects of joining agricultural industry chains on farmers’ credit rationing in terms of both supply and demand, and find that joining agricultural industry chains can significantly alleviate farmers’ supply-based quantity rationing and demand-based price rationing, risk rationing and transaction cost rationing. The specific mechanisms of agricultural industry chains on farmers’ credit rationing are also explored. It is found that agricultural industry chains can alleviate farmers’ quantity rationing by reducing information asymmetry, decreasing agricultural business risks and forming a collateral guarantee mechanism; alleviate farmers’ price rationing by reducing agricultural business risks; alleviate farmers’ transaction cost rationing by reducing information asymmetry and forming a collateral guarantee mechanism to alleviate farmers’ transaction cost rationing; and alleviate farmers’ risk rationing by reducing agricultural business risks and forming mortgage guarantee mechanisms. In addition, by introducing the characteristic variables of credit enhancement mechanisms within the agricultural industry chain, it is found that credit enhancement mechanisms such as information systems, commercial credit, orders, guarantees, productive services and government support in the agricultural industry chain have a significant effect on alleviating the credit rationing of farmers, and insurance has a limited effect on alleviating the credit rationing of farmers. Finally, by examining the alleviating effect of joining agricultural industry chains on credit rationing of farmers with heterogeneous in scale, it is found that joining agricultural industry chains has a more significant effect on alleviating supply-based and demand-based credit rationing for large-scale farmers compared to small farmers.



Joining agricultural industry chains has a significant alleviating effect on farmers’ supply-based quantity rationing, agreeing with numerous scholars’ findings [16,27,46]. The conclusion that agricultural industry chains alleviate supply-based quantity rationing by farmers through reducing information asymmetry verifies the findings of Zhou, Y. et al. (2019) [28], while the specific mechanism of agricultural industry chains affecting bank credit supply is expanded to suggest that agricultural industry chains can also alleviate the quantity rationing suffered by farmers by reducing agricultural business risks and forming collateral guarantee mechanisms. In contrast to Zhou, Y. et al. (2019) [50], who conclude that agricultural industry chains have no significant effect on farmers’ demand-based credit constraints from a social capital perspective, we classify demand-based credit rationing into price rationing, transaction cost rationing, and risk rationing, according to their causes, and explore the specific mechanisms of agricultural industry chains for each type of demand-based credit rationing, arguing that agricultural industry chains also have a significant mitigating effect on farmers’ demand-based credit rationing. The heterogeneity test reveals that there is variability in the mitigation effect of agricultural industry chains on various types of credit rationing for large-scale heterogeneous farmers also verifies the findings of Zhu, G. et al. (2022) [46], indicating that strengthening the role of industry chains in absorbing small farmers and optimizing financial services for agricultural industry chains should be the focus of policy choices.



Unlike the selection of indicators regarding credit-rationing influencing factors in the past, which were mostly based on the personal characteristics, economic characteristics and business characteristics of farmers [11,29,30], to use a common-sense approach that distinguishes them from what is known from past studies, we introduced characteristic variables related to the credit enhancement mechanism within the agricultural industry chain as important control variables. These were based on the study of the specific credit enhancement mechanism of the agricultural industry chain, in order for farmers to verify the specific effects of information systems, commercial credit, production services, government support, agricultural insurance, agricultural orders, and guarantee behavior on credit rationing for farmers, to further clarify the objectives and key directions of financial innovation based on agricultural industry chains.



Of course, this study still has some flaws and limitations. Firstly, all the variables used in the empirical test were collected through questionnaire surveys of farmers. Although this method is often used in related studies and is widely accepted by academics, such a collection method may miss some more detailed and deeper information, which may lead to some systematic biases. In future studies, we can use a combined questionnaire survey of farmers and agricultural enterprises to obtain multidimensional indicator data to correct the systematic bias caused by this. Secondly, the paper focuses on the positive effects of agricultural industry chains on farmers’ credit rationing, while other possible effects, such as the threshold, enthusiasm and cooperative stickiness of farmers’ participation in agricultural industry chains, the benefit linkage distribution mechanism between small farmers and core enterprises of agricultural industry chains and the moral hazard in the game between the participants of agricultural industry chains, etc., quantify these influencing factors and incorporate them into the research framework of farmers’ credit rationing through various game models, which is the key focus of future research. Finally, future research should focus more on how to distinguish and compare in detail the advantages and disadvantages of various ways for farmers to join agricultural industry chains and their respective suitable geographical areas and types of agricultural operations, so as to provide sufficient theoretical guidance for the design and development of agricultural industry projects in different regions.



Nevertheless, this study provides some theoretical reference and a factual basis for deepening the reform of the rural financial system and giving full play to the effect of credit and financial funds in supporting and helping farmers by elaborating the influence of joining the agricultural industry chain on the credit rationing of farmers and analyzing the specific mechanism of the agricultural industry chain on the credit rationing of farmers. In the context of modernization of the agricultural industry, improving the financial system of agricultural industry chain, strengthening the radiation-driven role of core enterprises and innovating the financing mode of the agricultural industry chain are important strategic choices to strengthen financial services for rural revitalization in the new era.




6. Conclusions


6.1. Conclusions


Based on farmers’ research data, we study the effect of joining agricultural industry chains on different types of credit rationing of farmers, and analyze the effects and mechanisms of credit financing in agricultural industry chains of farmers, and obtain the following conclusions.



First, joining agricultural industry chains can increase farmers’ credit by reducing the degree of information asymmetry, reducing agricultural business risks, and forming collateral and guarantee mechanisms, thus alleviating the supply-based quantity rationing to which they are subjected.



Second, regardless of the reasons for farmers to give up their loan applications, joining agricultural industry chains can enhance farmers’ willingness to apply for loans and alleviate price rationing, risk rationing, and transaction cost rationing from the demand side.



Third, the credit enhancement mechanisms such as information systems, commercial credit, order, guarantee, productive service, and government support in the agricultural industry chain can significantly improve farmers’ credit and alleviate the supply-oriented and demand-oriented credit rationing of farmers.



Fourth, insurance elements embedded in credit contracts can effectively share credit risks and enhance farmers’ ability to obtain loans, but their effect in alleviating farmers’ credit rationing is limited, due to the current level of insurance development.



Fifth, the effect of agricultural industry chains on alleviating various types of credit rationing for farmers of heterogeneous scales varies. Compared with small farmers, the alleviation effect of joining agricultural industry chains on supply-based and demand-based credit rationing is more obvious.




6.2. Implications


Based on the research results of this paper, we provide the following policy implications.



First, the government should increase support for new business entities such as large-scale farmers, cooperatives and leading enterprises, encourage the establishment and development of cooperative economic organizations, and support leading agricultural enterprises. It should establish and improve the whole agricultural industry chain system in line with the characteristics of the local agricultural industry, give full play to the main role of leading agricultural enterprises and the driving role of farmers’ professional cooperatives, and encourage them to effectively provide production, technical and financial services for farmers.



Second, financial institutions should fully explore the credit-enhancing function of the agricultural industry chain and develop innovative credit products and financial services based on the structural characteristics of the agricultural industry chain and the financing needs of farmers of different cultivation scales. At the same time, they should strengthen the cooperation and interest linkage mechanism with the core enterprises of the agricultural industry chain, give full play to the guarantee role of agricultural credit, and strengthen the market-based sharing and compensation of credit risks related to agriculture, so as to enhance the strength and effectiveness of the banks’ financial support for the development of rural industries.



Third, government policies should establish a long-term mechanism to support the development of agricultural industry chains, and implement a full range of policy implementation measures to promote the integration of agricultural industry chains, value chains and capital chains. At the same time, government policies should fully exploit the invisible guarantee function for farmers’ credit, strengthen the supervision and regulation function for organizations of agricultural industrial chains, and bring into play the risk compensation function of supporting policies, to enhance the development resilience of agricultural industry chains.



Fourth, the government financial sector should actively develop the agricultural insurance and reinsurance business to promote the high-quality development of agricultural insurance. Based on the development of the agricultural industry chain, it should precisely design agricultural industry insurance products, improve the synergy mechanism between insurance and credit and, technology promotion and marketing, and give full play to the risk mitigation function of insurance for agricultural business risks. We will increase the support for policy insurance, expand the width and depth of agricultural insurance coverage, raise farmers’ awareness of insurance to increase the purchase rate and risk coverage of agricultural insurance, and optimize the risk protection function of insurance.



Fifth, farmers and core enterprises of the agricultural industry chain should strive to build standardized business management mechanisms in their production and operation, strengthen the construction of information technology platforms, and empower the modernization and development of rural industries with digital technology. They should actively develop the agricultural industry chain data center to provide a chain of information services such as agricultural product production, technical services, market information and disaster protection, to enhance risk response capability while improving information transparency with financial institutions.
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Figure 1. Farmers’ credit rationing identification process. 
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Figure 2. Model of the intrinsic mechanism of agricultural industry chain to alleviate credit rationing for farmers. 
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Table 1. Model variable selection and description.
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Variable Type

	
Variable Code

	
Variable Name

	
Variable Description






	
Explained variables

(Part I)

	
demand

	
Loan Application

	
Whether the farmer has applied for a loan from the bank: Yes = 1, No = 0.




	
quan_rat

	
Quantity rationing

	
Whether the loan application made by the farmer was completely or partially rejected by the bank: Yes = 1, No = 0.




	
loan

	
Loan amount

	
Amount of loans received by the farmer.




	
Identifying variables

	
shock

	
Major Event Expenses

	
Whether the farmer has expenditures for major events: Yes = 1, No = 0.




	
Explained variables

(Part II)

	
dem_rat

	
Demand-based rationing

	
Whether the farmer voluntarily abandoned their loan applications for personal reasons: Yes = 1, No = 0.




	
price_rat

	
Price Rationing

	
Whether the farmer voluntarily abandoned applying for loans due to lack of demand or high-interest rates: Yes = 1, No = 0.




	
tran_rat

	
Transaction cost rationing

	
Whether the farmer voluntarily given up applying for loans because they are averse to the potential risk of loans: Yes = 1, No = 0.




	
risk_rat

	
Risk Rationing

	
Whether the farmer voluntarily abandoned applying for loans because of the high transaction costs of loans: Yes = 1, No = 0.




	
Core explanatory variables

	
indu_chain

	
Agricultural Industry Chain

	
Whether farmers joined the agricultural industry chain: Yes = 1, No = 0.




	
Important control variables

	
infor

	
Information System

	
Whether there was an information system to record agricultural production and marketing information of farmers: Yes = 1, No = 0.




	
account

	
Business Credit

	
Whether agricultural cooperatives/agricultural enterprises have provided agricultural production materials to farmers through credit sales: Yes = 1, No = 0.




	
serve

	
Production Services

	
Help provided by agricultural cooperatives/agricultural enterprises to farmers’ agricultural production and operation: very little = 1, relatively little = 2, fair = 3, relatively large = 4, very large = 5.




	
gov_sup

	
Government Support

	
Government policy support for farmers’ agricultural production and business projects: very small = 1, comparatively small = 2, average = 3, comparatively large = 4, very large = 5.




	
insure

	
Agricultural Insurance

	
Whether the farmer has purchased agricultural insurance: Yes = 1, No = 0.




	
order

	
Agricultural orders

	
Whether the bank will check the agricultural order or agricultural sales contract when the farmer applies for the loan: Yes = 1, No = 0.




	
guar

	
Guarantee behavior

	
Whether agricultural cooperatives/agricultural enterprises can provide guarantees for farmers’ loans: Yes = 1, No = 0.




	
Other control variables




	
Farmers’ characteristics

	
age

	
Age

	
The age of the farmer, in years.




	
edu

	
Educational level

	
The educational level of farmers: no schooling = 1, elementary school = 2, junior high school = 3, high school = 4, college and above = 5.




	
soc_capit

	
Social Capital

	
Whether farmers have friends or relatives working in government departments/financial institutions: Yes = 1, No = 0.




	
Family Characteristics

	
labor

	
Labor force share

	
The number of household labor force/total household size.




	
income

	
Annual income

	
Annual household income of farm households, in CNY million.




	
asset

	
Total Assets

	
Total household assets of farmers, in CNY million.




	
Business Characteristics

	
land

	
Agricultural cultivation area

	
Farmers’ agricultural cultivation area, in mu.




	
skill

	
Production technology level

	
Level of agricultural production technology mastered by farmers: very poor = 1, relatively poor = 2, average = 3, relatively proficient = 4, very proficient = 5.




	
Financial Features

	
credit

	
Credit Rating

	
Whether the farmer has received a bank credit rating: Yes = 1, No = 0.




	
exp

	
Past Credit Experience

	
Number of loans received by farmers from banks in the last three years.
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Table 2. Descriptive statistical analysis of sample subgroups.
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Variable Name

	
Not Joining the Agricultural Industry Chain

	
Joining the Agricultural Industry Chain




	
Average Value

	
Standard Deviation

	
Average Value

	
Standard Deviation






	
Demand

	
0.3745

	
0.4845

	
0.6199

	
0.4859




	
Supply-based rationing

	
0.2720

	
0.4454

	
0.1540

	
0.3613




	
Demand-based rationing

	
0.6297

	
0.4834

	
0.2242

	
0.4174




	
Price Rationing

	
0.3996

	
0.4903

	
0.0897

	
0.2860




	
Transaction cost rationing

	
0.1925

	
0.3947

	
0.0390

	
0.1938




	
Risk Rationing

	
0.0941

	
0.2923

	
0.0429

	
0.2028




	
Loan amount

	
3.1042

	
6.4540

	
8.2011

	
17.6141




	
Information System

	
0.0816

	
0.2740

	
0.2125

	
0.4095




	
Business Credit

	
0.5188

	
0.5002

	
0.4288

	
0.4954




	
Production Services

	
2.3431

	
1.1453

	
2.8616

	
1.0908




	
Government Support

	
2.8305

	
1.1595

	
3.1092

	
1.1438




	
Agricultural Insurance

	
0.2824

	
0.4507

	
0.4347

	
0.4962




	
Agricultural orders

	
0.1213

	
0.3269

	
0.3470

	
0.4765




	
Guarantee behavior

	
0.1757

	
0.3810

	
0.2827

	
0.4507




	
Age

	
55.1088

	
10.4915

	
52.2690

	
10.2060




	
Educational level

	
2.7992

	
0.8957

	
3.0780

	
0.8936




	
Social Capital

	
0.1695

	
0.3755

	
0.3626

	
0.4812




	
Labor force share

	
0.6216

	
0.2297

	
0.5878

	
0.2016




	
Annual household income

	
9.9583

	
8.7828

	
11.6544

	
11.5490




	
Total household assets

	
38.5805

	
46.6207

	
39.6177

	
37.3278




	
Agricultural cultivation area

	
9.5365

	
7.7748

	
10.5847

	
12.2943




	
Production technology level

	
3.7218

	
0.8267

	
3.8577

	
0.8036




	
Credit Rating

	
0.2741

	
0.4465

	
0.3372

	
0.4732




	
Past Credit Experience

	
0.7469

	
1.2741

	
0.9279

	
1.4404
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Table 3. Cross-tabulation analysis of the type of credit rationing for farmers and whether or not they join agricultural industry chains.
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Type of Credit Rationing

	
All Samples

	
Not Joining the Agricultural Industry Chain

	
Joining the Agricultural Industry Chain




	
Quantity

	
Percentage

	
Quantity

	
Percentage

	
Quantity

	
Percentage






	
Not rationed by credit

	
366

	
36.93%

	
64

	
17.49%

	
302

	
82.51%




	
Rationed by credit

	
625

	
63.07%

	
443

	
70.88%

	
182

	
29.12%




	
Supply-based rationing

	
209

	
33.44%

	
120

	
57.42%

	
89

	
42.58%




	
Demand-based rationing

	
416

	
66.56%

	
323

	
77.64%

	
93

	
22.36%




	
Price Rationing

	
237

	
56.97%

	
191

	
80.59%

	
46

	
19.41%




	
Risk Rationing

	
67

	
16.11%

	
67

	
100.00%

	
0

	
0.00%




	
Transaction cost rationing

	
112

	
26.92%

	
65

	
58.04%

	
47

	
41.96%




	
Total sample size

	
991

	
100.00%

	
507

	
51.16%

	
484

	
48.84%
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Table 4. Results of variance inflation factor test.
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Variable Name

	
VIF

	
1/VIF

	
Variable Name

	
VIF

	
1/VIF






	
order

	
1.33

	
0.7536

	
income

	
1.21

	
0.8233




	
credit

	
1.33

	
0.7541

	
infor

	
1.21

	
0.8283




	
account

	
1.3

	
0.7674

	
land

	
1.2

	
0.8340




	
insure

	
1.3

	
0.7712

	
soc_capit

	
1.18

	
0.8494




	
age

	
1.28

	
0.7843

	
exp

	
1.16

	
0.8613




	
gov_sup

	
1.26

	
0.7944

	
guar

	
1.13

	
0.8871




	
indu_chain

	
1.24

	
0.8055

	
asset

	
1.07

	
0.9345




	
edu

	
1.22

	
0.8170

	
labor

	
1.06

	
0.9433




	
serve

	
1.22

	
0.8213

	
skill

	
1.05

	
0.9565




	
Mean VIF

	
1.21
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Table 5. Model regression results for supply-based rationing of farmers.
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Variables

	
Heckman Two-Stage Model

	
Probit Model

	
Tobit Model




	
Phase I

Demand

	
Phase 2 Quan_rat

	
Quan_rat

	
Marginal Effects

	
Loan

	
Marginal Effects






	
indu_chain

	
0.3594 ***

(0.1072)

	
−0.1989 ***

(0.0378)

	
−0.5038 ***

(0.1146)

	
−0.1066 ***

(0.0235)

	
2.9582 ***

(0.7030)

	
1.9626 ***

(0.4667)




	
shock

	
0.4448 ***

(0.1100)

	

	

	

	

	




	
infor

	
1.3312 ***

(0.1700)

	
−0.1307 **

(0.0550)

	
−0.6324 ***

(0.2313)

	
−0.1338 ***

(0.0486)

	
0.9919

(0.9708)

	
0.6581

(0.6441)




	
account

	
−0.5100 ***

(0.1141)

	
−0.2969 ***

(0.0454)

	
−1.0379 ***

(0.1299)

	
−0.2197 ***

(0.0250)

	
0.4025

(0.7210)

	
0.2671

(0.4784)




	
serve

	
0.0508

(0.0470)

	
−0.0414 ***

(0.0154)

	
−0.1353 ***

(0.0491)

	
−0.0286 ***

(0.0103)

	
0.2112

(0.3039)

	
0.1401

(0.2016)




	
gov_sup

	
−0.0149

(0.0469)

	
−0.0517 ***

(0.0156)

	
−0.1206 **

(0.0503)

	
−0.0255 **

(0.0106)

	
0.0874

(0.3054)

	
0.0580

(0.2026)




	
insure

	
0.1130

(0.1178)

	
−0.0327

(0.0363)

	
−0.1390

(0.1292)

	
−0.0294

(0.0273)

	
1.8144 **

(0.7479)

	
1.2037 **

(0.4953)




	
order

	
0.6583 ***

(0.1362)

	
−0.0716 *

(0.0418)

	
−0.1272

(0.1453)

	
−0.0269

(0.0307)

	
3.3787 ***

(0.8531)

	
2.2415 ***

(0.5646)




	
guar

	
0.1983

(0.1246)

	
−0.0482

(0.0401)

	
−0.3323 **

(0.1513)

	
−0.0703 **

(0.0318)

	
0.0769

(0.7946)

	
0.0510

(0.5272)




	
age

	
-0.0015

(0.0053)

	
−0.0028

(0.0018)

	
−0.0147 ***

(0.0056)

	
−0.0031 ***

(0.0012)

	
0.0966 ***

(0.0341)

	
0.0641 ***

(0.0226)




	
edu

	
−0.0495

(0.0598)

	
0.0155

(0.0198)

	
0.0415

(0.0639)

	
0.0088

(0.0135)

	
0.9150 **

(0.3853)

	
0.6071 **

(0.2556)




	
soc_capit

	
−0.2312 **

(0.1177)

	
−0.0774 *

(0.0402)

	
−0.5391 ***

(0.1477)

	
−0.1141 ***

(0.0307)

	
−0.4432

(0.7713)

	
−0.2940

(0.5118)




	
labor

	
−0.6286 ***

(0.2375)

	
0.0289

(0.0862)

	
−0.0606

(0.2504)

	
−0.0128

(0.0530)

	
−0.5502

(1.5006)

	
−0.3650

(0.9956)




	
income

	
0.0373 ***

(0.0085)

	
0.0016

(0.0015)

	
0.0109 **

(0.0051)

	
0.0023 **

(0.0011)

	
0.0256

(0.0336)

	
0.0170

(0.0223)




	
asset

	
0.0005

(0.0004)

	
−0.0002

(0.0001)

	
−0.0001

(0.0004)

	
−0.0000

(0.0001)

	
0.0075 ***

(0.0024)

	
0.0050 ***

(0.0016)




	
land

	
0.0228 ***

(0.0078)

	
0.0032 **

(0.0014)

	
0.0154 ***

(0.0047)

	
0.0033 ***

(0.0010)

	
0.7132 ***

(0.0333)

	
0.4731 ***

(0.0225)




	
skill

	
0.1219 **

(0.0606)

	
0.0008

(0.0215)

	
0.0777

(0.0665)

	
0.0164

(0.0140)

	
−0.0339

(0.3947)

	
−0.0225

(0.2619)




	
credit

	
0.5670 ***

(0.1245)

	
−0.0816 **

(0.0406)

	
0.2357 *

(0.1308)

	
0.0499 *

(0.0275)

	
1.5314 *

(0.7874)

	
1.0160 *

(0.5221)




	
exp

	
0.2982 ***

(0.0486)

	
−0.0134

(0.0121)

	
0.1040 ***

(0.0381)

	
0.0220 ***

(0.0080)

	
1.2245 ***

(0.2487)

	
0.8124 ***

(0.1646)




	
_cons

	
−1.6844 ***

(0.5359)

	
1.1658 ***

(0.1932)

	
0.7668

(0.5625)

	

	
−19.8342 ***

(3.4471)

	




	
Pseudo R2

	

	

	
0.2658

	

	
0.0799

	




	
Observations

	
991

	
991

	
991

	
991

	
991

	
991








Note: Standard errors are in parentheses; *, **, and *** indicate variables significant at the 10%, 5%, and 1% levels, respectively. The same applies below.
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Table 6. Model regression results for demand-based rationing of farmers.
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Variables

	
Probit Regression Model Results




	
Dem_rat

	
Standard Error

	
Marginal Effects

	
Standard Error






	
indu_chain

	
−0.9936 ***

	
0.1042

	
−0.2637 ***

	
0.0236




	
infor

	
−0.4444 ***

	
0.1551

	
−0.1179 ***

	
0.0407




	
account

	
0.2128 **

	
0.1082

	
0.0565 **

	
0.0286




	
serve

	
-0.0300

	
0.0453

	
−0.0080

	
0.0120




	
gov_sup

	
−0.1919 ***

	
0.0458

	
−0.0509 ***

	
0.0119




	
insure

	
-0.0050

	
0.1157

	
−0.0013

	
0.0307




	
order

	
−0.4696 ***

	
0.1377

	
−0.1246 ***

	
0.0361




	
guar

	
0.1839

	
0.1218

	
0.0488

	
0.0322




	
age

	
−0.0029

	
0.0051

	
−0.0008

	
0.0014




	
edu

	
−0.0566

	
0.0583

	
−0.0150

	
0.0155




	
soc_capit

	
0.1744

	
0.1180

	
0.0463

	
0.0312




	
labor

	
0.6473 ***

	
0.2239

	
0.1718 ***

	
0.0585




	
income

	
−0.0143 **

	
0.0073

	
−0.0038 **

	
0.0019




	
asset

	
0.0001

	
0.0004

	
0.0000

	
0.0001




	
land

	
−0.0088

	
0.0081

	
−0.0023

	
0.0021




	
skill

	
−0.0848

	
0.0595

	
−0.0225

	
0.0157




	
credit

	
−0.7475 ***

	
0.1240

	
−0.1984 ***

	
0.0311




	
exp

	
−0.2570 ***

	
0.0463

	
−0.0682 ***

	
0.0119




	
_cons

	
1.8454 ***

	
0.5331

	

	




	
Pseudo R2

	
0.3184

	

	

	




	
Observations

	
991

	

	
991
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Table 7. Model regression results for each type of demand-based rationing of farmers.






Table 7. Model regression results for each type of demand-based rationing of farmers.





	
Variables

	
Probit Model

	
Probit Model

	
Probit Model




	
Price_rat

	
Marginal Effects

	
Tran_rat

	
Marginal Effects

	
Risk_rat

	
Marginal Effects






	
indu_chain

	
−0.9388 ***

(0.1188)

	
−0.2034 ***

(0.0233)

	
−0.8461 ***

(0.1435)

	
−0.1331 ***

(0.0220)

	
−0.3713 **

(0.1520)

	
−0.0419 **

(0.0173)




	
infor

	
−0.2768

(0.1852)

	
−0.0600

(0.0399)

	
−0.5845 **

(0.2774)

	
−0.0920 **

(0.0435)

	
−0.7056 **

(0.3258)

	
−0.0797 **

(0.0370)




	
account

	
0.1460

(0.1173)

	
0.0316

(0.0254)

	
−0.0407

(0.1344)

	
−0.0064

(0.0212)

	
−0.2345

(0.1575)

	
−0.0265

(0.0179)




	
serve

	
−0.1097 **

(0.0502)

	
−0.0238 **

(0.0108)

	
−0.0076

(0.0572)

	
−0.0012

(0.0090)

	
−0.0071

(0.0634)

	
−0.0008

(0.0072)




	
gov_sup

	
−0.1261 **

(0.0494)

	
−0.0273 ***

(0.0106)

	
−0.1408 **

(0.0575)

	
−0.0222 **

(0.0090)

	
−0.1682 **

(0.0655)

	
−0.0190 **

(0.0074)




	
insure

	
0.0854

(0.1318)

	
0.0185

(0.0285)

	
−0.2044

(0.1595)

	
−0.0322

(0.0250)

	
0.1795

(0.1640)

	
0.0203

(0.0185)




	
order

	
0.1120

(0.1671)

	
0.0243

(0.0361)

	
−1.2208 ***

(0.3910)

	
−0.1921 ***

(0.0616)

	
−0.5854 **

(0.2534)

	
−0.0661 **

(0.0288)




	
guar

	
0.1182

(0.1377)

	
0.0256

(0.0298)

	
−0.1048

(0.1661)

	
−0.0165

(0.0261)

	
0.1964

(0.1717)

	
0.0222

(0.0194)




	
age

	
0.0102 *

(0.0057)

	
0.0022 *

(0.0012)

	
−0.0034

(0.0063)

	
−0.0005

(0.0010)

	
−0.0110

(0.0072)

	
−0.0012

(0.0008)




	
edu

	
−0.0558

(0.0632)

	
−0.0121

(0.0137)

	
0.0510

(0.0734)

	
0.0080

(0.0115)

	
0.0550

(0.0807)

	
0.0062

(0.0091)




	
soc_capit

	
−0.1102

(0.1359)

	
−0.0239

(0.0294)

	
0.3919 ***

(0.1483)

	
0.0617 ***

(0.0232)

	
0.1458

(0.1647)

	
0.0165

(0.0186)




	
labor

	
0.6366 ***

(0.2354)

	
0.1379 ***

(0.0502)

	
−0.1666

(0.2767)

	
−0.0262

(0.0435)

	
0.1206

(0.3138)

	
0.0136

(0.0354)




	
income

	
−0.0479 ***

(0.0105)

	
−0.0104 ***

(0.0022)

	
0.0053

(0.0066)

	
0.0008

(0.0010)

	
0.0012

(0.0071)

	
0.0001

(0.0008)




	
asset

	
−0.0002

(0.0004)

	
−0.0000

(0.0001)

	
−0.0006

(0.0005)

	
−0.0001

(0.0001)

	
0.0002

(0.0005)

	
0.0000

(0.0001)




	
land

	
−0.0365 ***

(0.0109)

	
−0.0079 ***

(0.0023)

	
−0.0056

(0.0096)

	
−0.0009

(0.0015)

	
0.0129 **

(0.0063)

	
0.0015 **

(0.0007)




	
skill

	
−0.1655 **

(0.0644)

	
−0.0359 ***

(0.0138)

	
−0.0537

(0.0732)

	
−0.0085

(0.0115)

	
0.2958 ***

(0.0893)

	
0.0334 ***

(0.0102)




	
credit

	
−0.3911 ***

(0.1482)

	
−0.0847 ***

(0.0318)

	
−0.3577 **

(0.1784)

	
−0.0563 **

(0.0280)

	
−0.4560 **

(0.1999)

	
−0.0515 **

(0.0227)




	
exp

	
−0.2728 ***

(0.0625)

	
−0.0591 ***

(0.0133)

	
−0.0750

(0.0599)

	
-0.0118

(0.0094)

	
−0.1759 **

(0.0763)

	
−0.0199 **

(0.0087)




	
_cons

	
1.1964 **

(0.5909)

	

	
0.5066

(0.6716)

	

	
−1.6309 **

(0.7342)

	




	
Pseudo R2

	
0.3007

	

	
0.1935

	

	
0.1524

	




	
Observations

	
991

	
991

	
991

	
991

	
991

	
991
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Table 8. Robustness test model regression results.






Table 8. Robustness test model regression results.





	
Variables

	
OLS Model

	
Logit Model




	
Loan

	
Quan_rat

	
Dem_rat

	
Price_rat

	
Tran_rat

	
Risk_rat






	
indu_chain

	
1.9750 ***

(0.4462)

	
−0.7570 ***

(0.2121)

	
−1.6701 ***

(0.1907)

	
−1.6346 ***

(0.2223)

	
−1.7036 ***

(0.3049)

	
−0.5992 *

(0.3217)




	
Control variables

	
Control

	
Control

	
Control

	
Control

	
Control

	
Control




	
_cons

	
−8.0678 ***

(2.2278)

	
0.7132

(1.0702)

	
2.7893 ***

(0.9773)

	
2.1553 **

(1.0921)

	
0.5540

(1.3045)

	
−4.0592 **

(1.5905)




	
R2_a/R2_p

	
0.3957

	
0.2507

	
0.3183

	
0.2949

	
0.2173

	
0.1405




	
Observations

	
890

	
890

	
890

	
890

	
890

	
890








Note: R2_a is Adj-R2, R2 _p is Pseudo R2, R2 for OLS model is Adj-R2, and R2 for Logit model is Pseudo R2.
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Table 9. Regression results of the planting scale heterogeneity analysis I.
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Variables

	
Smallholder Farmer

	
Large-Scale Farmers




	
Quan_rat

	
Loan

	
Dem_rat

	
Quan_rat

	
Loan

	
Dem_rat






	
indu_chain

	
−0.3749 **

(0.1622)

	
1.0972 **

(0.4978)

	
−0.9486 ***

(−0.1325)

	
−1.0202 ***

(0.2816)

	
4.8219 ***

(1.5110)

	
−1.4961 ***

(0.2195)




	
Control variables

	
Control

	
Control

	
Control

	
Control

	
Control

	
Control




	
_cons

	
−0.6219

(0.7641)

	
−8.2191 ***

(2.2997)

	
1.8407 ***

(0.6282)

	
3.3385 ***

(1.1685)

	
−23.1290 ***

(6.0371)

	
1.4115 *

(0.8559)




	
Pseudo R2

	
0.1710

	
0.0802

	
0.2816

	
0.6487

	
0.0918

	
0.4222




	
Observations

	
601

	
601

	
601

	
390

	
390

	
390
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Table 10. Regression results of the planting scale heterogeneity analysis II.






Table 10. Regression results of the planting scale heterogeneity analysis II.





	
Variables

	
Smallholder Farmer

	
Large-Scale Farmers




	
Price_rat

	
Tran_rat

	
Risk_rat

	
Price_rat

	
Tran_rat

	
Risk_rat






	
indu_chain

	
−0.9458 ***

(0.1344)

	
−0.6866 ***

(0.1714)

	
−0.2115

(0.2215)

	
0.0000

(0.0000)

	
0.0000

(0.0000)

	
−0.5237 *

(0.2679)




	
Control variables

	
Control

	
Control

	
Control

	
Control

	
Control

	
Control




	
_cons

	
1.3804 **

(0.6227)

	
−0.1363

(0.7627)

	
−3.3396 ***

(−1.0629)

	
−2.3053

(2.1087)

	
−2.5210 *

(1.3748)

	
0.6685

(0.9757)




	
Pseudo R2

	
0.2143

	
0.1622

	
0.1548

	
0.5898

	
0.2966

	
0.3143




	
Observations

	
601

	
601

	
601

	
390

	
390

	
390
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