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While digital finance is recognized for enhancing financial inclusion, its micro-level mechanisms—particularly through digital payments—remain underexplored. This study demonstrates how adopting digital payments significantly enhances Chinese farmers’ ability to obtain credit from both sources. Analyzing data from 7,522 households across diverse regions (2017–2019, 2021–2023) using robust methods to address endogeneity and selection bias, we find that digital payment adoption significantly increases farmers’ credit access overall. The findings indicate that digital payments alleviate conditional and price exclusion in formal credit markets, improve farmers’ credit knowledge, and reduce the psychological barriers of credit-constrained borrowers. Furthermore, digital payment adoption enhances informal credit capacity, providing farmers with more funding options. The digital payments enhanced farmers’ satisfaction with accessing credit, exerting a positive influence on both credit intended for agricultural production and credit intended for non-agricultural purposes. The results suggest that digital payment adoption not only enhances formal credit access but also strengthens informal credit networks, offering farmers greater flexibility in meeting their financial needs. Policymakers should prioritize the development of digital financial infrastructure and promote financial literacy to maximize the benefits of digital finance for rural households.
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1 Introduction

Rural development cannot be achieved without financial support. Improvements in the availability of formal credit are important for alleviating poverty (Van Gameren et al., 2024; Suri and Jack, 2016), increasing consumption (Sarma and Pais, 2011; Zhang and Zhou, 2025) and employment (Zhan et al., 2025), and promoting high-quality entrepreneurship (Nguyen and Canh, 2021). However, rural households often face severe credit constraints due to a lack of own capital, insufficient collateral, and a weak repayment capacity (Sahu et al., 2004). Even when financial services are available, many farmers are reluctant to seek credit due to psychological barriers or a lack of confidence (Gunn and Hughes-Barton, 2022). Building a robust rural financial ecosystem requires not only efforts from financial institutions but also a shift in farmers’ attitudes toward credit and an improvement in their financial literacy.

Digital finance, as a key driver of financial inclusion, can address many of the shortcomings of traditional financial systems (Ozili, 2018). As a country with a relatively rapid development of digital finance, many scholars have confirmed that digital finance offers advantages such as decreasing marginal costs, alleviating information asymmetry (Zhou and Wang, 2024), expanding financial services, and lowering the threshold of financial services in China, which can significantly enhance household credit accessibility (Kim and Duvendack, 2025). This is particularly beneficial for rural households with limited financial knowledge and low-income levels (Xiong and Yang, 2023), and it can help to reduce residents’ income inequality (Adugna, 2024). In addition, digital finance improves financial literacy (Yang et al., 2023), reshapes financial behavior (Birigozzi et al., 2025), and helps to increase the financial market participation of rural households (Hu and Liu, 2025; Hsueh et al., 2025; Zhang et al., 2025).

While the inclusive value of regional digital finance development is widely recognized, directly analyzing the impact of digital financial inclusion indices may overlook the urban–rural financial gap and fail to reflect the true effects of digital finance on farmers’ credit demand, cognition, and behavior, which leads to limitations in the applicability of study results (Duvendack and Mader, 2020). Therefore, it is crucial to focus on the mechanisms through which financial innovations positively impact individuals, thereby promoting poverty alleviation and economic growth (Beck and Demirgüç-Kunt, 2008). Given that the current adoption of digital finance in rural areas is primarily reflected in the use of digital payments, this study investigates the impact of digital payment usage on farmers’ credit access. The potential contributions of this re-search include the following: (1) the construction of a theoretical framework that analyzes the impact of digital payment adoption on farmers’ credit access from both subjective and objective perspectives, (2) the exploration of the relationship between formal and informal credit under the influence of digital finance, and (3) an examination of the heterogeneous effects of digital payment adoption on credit access across different income levels and credit purposes, providing more universal policy insights for promoting the high-quality development of rural financial inclusion.



2 Theoretical framework


2.1 Digital payment adoption and formal credit access

Under the rural revitalization strategy, the demand for rural credit is increasing in China. However, rural credit services are either unavailable or costly to provide due to the lack of financial physical outlets (Zhang N. et al., 2024). Most financial institutions impose strict requirements on loans, leading to selective credit provision. A significant proportion of farmers face conditional exclusion due to a lack of collateral, guarantors, or proof of repayment, or they face price exclusion due to the limitations of explicit costs such as long application processes, high interest rates, and other unquantifiable implicit costs (Kempson and Whyley, 1999). Conditional exclusion and price exclusion reduce the possibility of farmers obtaining credit funds through formal financial institutions (Yeung et al., 2017), but the emergence of digital finance is expected to change this predicament. On the one hand, with the characteristics of remoteness, scenario, convenience, and abstraction (Mahler and Murphy, 2024), digital payment has provided conditions for the emergence of many innovative financial products and services, such as merchant loans, agricultural product pledges, and supply chain finance, which can meet farmers’ diverse financial needs in various scenarios, effectively overcoming conditional exclusion (Yao et al., 2018). On the other hand, the use of digital payment precipitates farmers’ transaction data on the Internet to form a large amount of soft information, which enables banks to create multidimensional profiles of farmers, reduce information asymmetry, alleviate the credit discrimination of traditional financial services (Song et al., 2021), and provide credit support for rural households that lack collateral and guarantees. Coupled with a facilitated online financial platform, it effectively shortens the credit approval time, reduces the invisible financing cost of rural households, and ultimately alleviates price exclusion.

Psychological factors play an important role in household economic behavior (Goyal et al., 2021). According to status quo bias theory, individuals tend to stick with what they already have or prefer to maintain the current state of affairs (Godefroid et al., 2023). Compared to formal credit, informal credit has a longer history and remains the primary channel for farmers to meet their credit needs (Gao and Shi, 2023). Farmers often maintain a psychological and geographical distance from formal financial institutions. Conservative biases lead to a lack of understanding and self-imposed exclusion from formal credit (Vlassas et al., 2025).

Once the belief that “formal credit is inaccessible” is formed, it tends to persist. Economists have used conservative bias to explain the insufficient response to information (Garrett and Bond, 2021). Farmers’ unfamiliarity with formal credit and conservative biases lead to an insufficient subjective demand for credit, particularly among “unconfident borrowers,” who may miss out on valuable investment opportunities (Jiang and Wen, 2021; Kon and Storey, 2003). Psychological barrier is detrimental to the improvement of household income and well-being, and it even affects their children’s health and investment in education (Kofinti et al., 2024).

Drawing upon signaling theory from management studies, external parties such as banks and other credit institutions must base their decisions on signals transmitted by senders. Signal transmission incurs costs, and farmers possess limited channels to demonstrate repayment capacity to banks. Digital payments generate ‘soft information’ that resolves transmission challenges, effectively reducing information asymmetry between lenders and borrowers. Digital payment platforms serve as a signaling mechanism, allowing farmers to access information about credit products at a low cost, thereby improving their credit knowledge and helping them overcome the exclusion caused by a lack of financial information (Jamil et al., 2024). Digital payments expose farmers to diverse financial services, enhancing their understanding of formal credit. This exposure reduces biases and self-exclusion, ultimately transforming unconfident borrowers into confident ones.

Based on the above analysis, Hypothesis 1 is proposed.


H1: Digital payment adoption positively affects farmers’ formal credit access.




2.2 Digital payment adoption and informal credit access

Informal credit in rural China is deeply rooted in the local social and cultural context, relying on farmers’ social networks, interpersonal relationships, and trust (Karlan et al., 2009). From the perspective of social capital theory, this trust-based relational network itself constitutes valuable ‘collateral’, reducing transaction costs and facilitating credit agreements. Digital payment adoption enhances farmers’ informal credit capacity by improving social trust, reducing social interaction costs, and increasing the transparency and traceability of transactions (Krishna et al., 2023; Putrevu and Mertzanis, 2023). Digital payments also automatically record transaction information and generate transaction records, making it easier for rural households to track financial transactions and reducing disputes and costs associated with informal credit (Song et al., 2018). Overall, digital payments contribute to informal credit access for rural households by increasing social trust, reducing socialization and informal credit transaction costs. While digital payment adoption may substitute some informal credit demand by promoting formal credit access, it does not diminish the enhancement of farmers’ informal credit capacity, providing them with more options for credit access. Therefore, this paper puts forward the following hypothesis.


H2: Digital payment adoption positively affects farmers’ informal credit access.


Based on the above literature review and hypothesis, the conceptual framework is schematically depicted in Figure 1.

[image: Flowchart showing the impact of digital payment adoption on farmers' credit decisions. Digital payment adoption influences four theories: Financial Exclusion Theory alleviates exclusion; Status Quo Bias Theory reduces barriers; Signaling Theory improves credit knowledge; Social Capital Theory enhances credit capacity. This leads to formal and informal credit access, impacting farmers' credit decisions.]

FIGURE 1
 Mechanism of how the adoption of digital payments affects farmers’ access to credit.





3 Research design


3.1 Data source

The data used in this study were obtained from the “China Rural Inclusive Finance Survey” conducted by China Agricultural University. The survey employed a stratified random sampling method, selecting provinces from the eastern, central, and western regions of China. Within each province, three counties were selected based on their economic development levels (high, medium, and low), and two natural villages were randomly chosen from each county for household interviews. Data collection was suspended in 2020 due to COVID-19 restrictions, resuming in 2021 with adjusted survey protocols. The survey data from 2017 to 2019 and 2021 to 2023 were used, resulting in a mixed-panel dataset of 7522 households after excluding farmers over 60 years old due to age restrictions on loans. To account for potential structural breaks and annual-specific shocks (such as factors related to the COVID-19 pandemic), we included fixed effects for the survey year in all regression models utilizing cross-year data.



3.2 Variable selection


3.2.1 Dependent variables

This study uses “credit access” and “credit amount” as the dependent variables. If farmers obtain loans from formal financial institutions (e.g., banks) or informal institutions, “credit access” is assigned a value of 1; otherwise, it is assigned a value of 0. The corresponding loan amount is defined as “credit amount.” To further explore the selection of farmers’ credit channels, the dependent variables are further divided into “formal credit access” and “informal credit access,” as well as “formal credit amount” and “informal credit amount”.



3.2.2 Independent variable

The independent variable in this study is the adoption of digital payments. If farmers use WeChat Pay, Alipay, various e-wallet products (e.g., Baidu Wallet, JD Wallet, and Best Pay), or other mobile payment products, “digital payment adoption” is assigned a value of 1; otherwise, it is assigned a value of 0.



3.2.3 Control variables

Drawing on similar studies (Wu et al., 2021; Zhu, 2025), control variables are selected from three aspects: respondent characteristics, household characteristics, and social networks. Additionally, regional factors at the county level and the survey year are controlled for in the regression analysis. The definitions and descriptive statistics of the variables are presented in Table 1.


TABLE 1 Definitions and descriptive statistics of variables.


	Variable
	Definition
	Mean
	Standard deviation

 

 	Credit access 	Whether the farmer has obtained a loan (Yes = 1; No = 0) 	0.298 	0.457


 	Credit amount 	Total loan amount (10,000 CNY) 	2.787 	10.290


 	Formal credit access 	Whether the farmer has obtained a loan from a bank (Yes = 1; No = 0) 	0.183 	0.387


 	Formal credit amount 	Loan amount obtained from banks (10,000 CNY) 	2.244 	9.662


 	Informal credit access 	Whether the farmer has borrowed from non-bank sources (Yes = 1; No = 0) 	0.159 	0.365


 	Informal credit amount 	Loan amount obtained from non-bank sources (10,000 CNY) 	0.543 	2.717


 	Digital payment adoption 	Whether the farmer uses digital payments (Yes = 1; No = 0) 	0.580 	0.494


 	Respondent gender 	Gender of the respondent (Male = 1; Female = 0) 	0.523 	0.500


 	Respondent age 	Actual age of the respondent 	48.230 	9.116


 	Age squared 	Square of the respondent’s age 	2410.0 	811.400


 	Years of education 	Years of formal education received by the respondent 	7.851 	3.409


 	Household size 	Number of family members living together and economically dependent 	4.429 	1.774


 	Labor force ratio 	Proportion of family members aged 18–60 who are healthy and able to work 	0.664 	0.245


 	Annual household income 	Logarithm of the household’s actual income in the previous year (CNY) 	10.690 	1.274


 	Gift expenditure 	Expenditure on gifts for weddings, funerals, etc. (10,000 CNY) 	0.453 	1.120


 	Non-agricultural ties 	Whether any family member works in non-agricultural sectors (Yes = 1; No = 0) 	0.458 	0.498




 




3.3 Model construction


3.3.1 Baseline model specification

A baseline regression model is constructed to analyze the impact of digital payment adoption on farmers’ credit access, as shown in Equation 1.
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In Equation 1, Credit represents “credit access,” Digpayment denotes “digital payment adoption,” α is the intercept term, representing the baseline probability of credit access when all other variables are zero. β is the estimated parameter of Digpayment capturing its marginal effect on credit access. γ is vector of coefficients for the control variables (X). ηc represents county fixed effects. τt represents year fixed effects. μ is the error term, capturing unobserved factors affecting credit access. As the dependent variable “credit access” is a binary discrete variable, a Probit model is used for regression estimation, as shown in Equation 2.
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In Equation 2, Φ denotes the cumulative distribution function (CDF) of the standard normal distribution, which is used to model the probability of credit access. δ is the intercept term. θ is the estimated parameter of Digpayment. κ is vector of coefficients for the control variables (X). To analyze the impact of digital payment adoption on credit size, equations are constructed as shown in Equation 3.
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In Equation 3, Scale_Credit represents the “credit amount,” which is a continuous variable. λ is the intercept term. ρ is the estimated parameter of Digpayment. φ is vector of coefficients for the control variables (X). v is the error term.

Given that only farmers who have obtained credit have observable credit amounts and that there is a close relationship between credit amount and credit access, the conditional mixed process (CMP) estimation method is employed (Roodman, 2011). This method uses maximum likelihood estimation to jointly estimate Equations 2, 3 as a system, offering greater efficiency and advantages. The treatment effect of the CMP is reflected in the significance of the correlation coefficient between the residuals of the two equations, transformed using Fisher’s z transformation (atanhrho). If this statistic is significant, it indicates that the CMP estimation results are superior to separate estimations (Liu and Chen, 2024).



3.3.2 Mechanism analysis model

To verify the mechanisms through which digital payment adoption affects farmers’ credit access, this study constructs a mediation effect model as shown in Equations 4. The mechanisms include alleviating conditional and price exclusion in formal credit, increasing confidence in accessing formal credit, improving credit knowledge, and enhancing informal credit capabilities. Following Jiang (2022), the analysis focuses on identifying the causal relationship between digital payment adoption and the mediating variables. Let Channel represent the mediating variable. η is the intercept term. ξ is the estimated parameter of Digpayment. π is vector of coefficients for the control variables (X). ε is the error term. The mechanism regression model is designed as follows.
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4 Results and analysis


4.1 Baseline model analysis

The results of the CMP model estimation (Table 2) show that the CMP statistic atanhrho is significant at the 1% level, indicating that the joint estimation using the CMP model is reasonable. The coefficients for digital payment adoption on farmers’ credit access and credit amount are both statistically significant and positive at the 1% level, and the coefficients for formal and informal credit access are also significantly positive. This suggests that the use of digital payments increases the probability of farmers obtaining credit and helps them secure higher credit amounts, thereby validating Hypotheses. Digital payment adoption stimulates farmers’ potential credit demand and positively impacts both formal and informal credit access.


TABLE 2 Regression results of digital payment adoption on farmers’ credit access.


	Variable
	Credit access
	Credit amount
	Formal credit access
	Formal credit amount
	Informal credit access
	Informal credit amount

 

 	Digital payment adoption 	0.135*** 	1.027*** 	0.175*** 	0.859*** 	0.085*** 	0.168**


 	(0.034) 	(0.321) 	(0.042) 	(0.331) 	(0.027) 	(0.075)


 	Respondent gender 	0.074** 	0.688** 	0.076** 	0.677** 	0.018 	0.010


 	(0.031) 	(0.279) 	(0.035) 	(0.267) 	(0.032) 	(0.073)


 	Respondent age 	0.051*** 	0.380*** 	0.058*** 	0.345*** 	0.034* 	0.036


 	(0.014) 	(0.091) 	(0.013) 	(0.082) 	(0.018) 	(0.025)


 	Age squared 	−0.001*** 	−0.004*** 	−0.001*** 	−0.004*** 	−0.000** 	−0.000


 	(0.000) 	(0.001) 	(0.000) 	(0.001) 	(0.000) 	(0.000)


 	Years of education 	0.010 	0.130** 	0.015*** 	0.138*** 	−0.013** 	−0.008


 	(0.006) 	(0.058) 	(0.005) 	(0.052) 	(0.005) 	(0.010)


 	Household size 	−0.004 	−0.052 	−0.004 	−0.035 	0.008 	−0.016


 	(0.007) 	(0.076) 	(0.009) 	(0.072) 	(0.009) 	(0.018)


 	Labor force ratio 	−0.158*** 	−0.993** 	−0.096* 	−0.685* 	−0.206*** 	−0.308*


 	(0.048) 	(0.428) 	(0.050) 	(0.370) 	(0.063) 	(0.160)


 	Annual household income 	0.120*** 	1.308*** 	0.122*** 	1.185*** 	−0.010 	0.123**


 	(0.018) 	(0.268) 	(0.025) 	(0.254) 	(0.019) 	(0.049)


 	Gift expenditure 	0.070* 	0.703* 	0.058 	0.539* 	−0.009 	0.164


 	(0.040) 	(0.376) 	(0.036) 	(0.318) 	(0.052) 	(0.110)


 	Non-agricultural ties 	−0.031 	−0.398 	−0.017 	−0.345 	−0.013 	−0.054


 	(0.037) 	(0.366) 	(0.036) 	(0.323) 	(0.033) 	(0.089)


 	County characteristics 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes


 	Survey year 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes


 	N 	7522 	7522 	7522 	7522 	7522 	7522


 	atanhrho 	1.923*** 	1.662*** 	0.990***





① *, **, and *** indicate significance at the 10, 5, and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses. ③ atanhrho represents the inverse hyperbolic tangent transformation of the correlation coefficient (ρ) between the residuals of the credit access and credit amount equations in the CMP model. A statistically significant atanhrho indicates that the correlation between the two equations is non-zero, justifying the use of the CMP model over separate estimations.
 

Based on the regression coefficients of the control variables, the relationship between the respondents’ age and formal credit access follows an inverted “U” shape. As age increases, the probability of farmers obtaining formal credit first rises and then declines, consistent with the age requirements of banks when approving loans. Formal credit institutions often impose restrictions on farmers’ education and income levels, while informal credit relies more on emotional ties and has fewer or no restrictions. Therefore, the number of years of formal education and household income are positively correlated with formal credit access but negatively correlated with informal credit access. This indicates that informal credit plays a significant role for farmers with lower incomes and shorter educational backgrounds, serving as an important supplement to formal credit.



4.2 Endogeneity considerations

To address potential endogeneity issues between farmers’ credit access and digital payment adoption, an instrumental variable (IV) approach is employed. Drawing on the previous literature (Su et al., 2021; He and Li, 2019), the distance from the farmer’s village to the county government and the average level of digital payment adoption in the county (excluding the household in question) during the survey year are selected as IVs for digital payment adoption. As the endogenous explanatory variable (digital payment adoption) is binary, the two-stage least squares (IV-2SLS) method is used to ensure consistent estimates under heteroskedasticity (Cameron and Trivedi, 2022).

Table 3 presents the regression results from the first stage of the Two-Stage Least Squares (2SLS) method. Among the instrumental variables, the coefficient for distance from the county government was significantly negative, consistent with theoretical expectations. The negative coefficient for the average level of digital payment usage among other households within the county, while contrary to simple peer effect expectations, may be attributed to modeling factors such as the reflection problem in social interaction models under fixed effects, or could indicate localized competition or negative information dissemination. The joint F-statistic of 2423.66 substantially exceeds the critical value established by Stock and Yogo (2005), indicating no weakness in the instrumental variable. The over-identification tests show that all p-values are greater than 0.1, indicating that the selected IVs are exogenous. Compared to the baseline regression, the coefficients are significantly positive, supporting the baseline results. While the instrumental variables approach helps mitigate endogeneity concerns, we acknowledge the presence of unobserved heterogeneity.


TABLE 3 Results of the two-stage regression of the IV-2SLS model.


	Variable
	First stage regression
	Instrument variables (2SLS) regression



	Digital payment adoption
	Credit access
	Credit amount
	Formal credit access
	Formal credit amount
	Informal credit access
	Informal credit amount

 

 	Distance (1000 kilometers) 	−0.421* 	 	 	 	 	 	


 	(0.223) 	 	 	 	 	 	


 	County-level usage rate(%) 	−1.517*** 	 	 	 	 	 	


 	(0.022) 	 	 	 	 	 	


 	Digital Payment Adoption 	 	0.066*** 	0.703*** 	0.054*** 	0.441** 	0.033*** 	0.262***


 	 	(0.013) 	(0.247) 	(0.010) 	(0.222) 	(0.011) 	(0.096)


 	Other Variables 	 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes


 	N 	 	7522 	7522 	7522 	7522 	7522 	7522


 	R2 	 	0.133 	0.067 	0.132 	0.064 	0.089 	0.022


 	Endogeneity Test (P-value) 	 	0.498 	0.134 	0.009*** 	0.040* 	0.455 	0.105


 	Over-Identification Test (P-value) 	 	0.640 	0.383 	0.232 	0.291 	0.701 	0.658


 	Weak Instrument Test (F-statistic) 	2423.66 	 	 	 	 	 	





① Robust standard errors are presented in parentheses for overidentification tests. ② The DWH test is used for endogeneity testing with p-values presented. ③ The F-statistic is reported for the weak instrument test.
 



4.3 Robustness analysis


4.3.1 Biprobit model

Considering the potential correlation between formal and informal credit access, a Biprobit model is constructed to simultaneously estimate the impact of digital payment adoption on both types of credit access. The results in Table 4 show that the Wald test rejects the null hypothesis of ρ = 0, and ρ is positive, indicating that digital payment adoption positively affects both formal and informal credit access, promoting mutual enhancement.


TABLE 4 Estimation results based on Biprobit and PSM models.


	Variable
	Biprobit
	Nearest Neighbor Matching (1:1)
	Kernel Matching
	Radius Matching



	Formal credit access
	Informal credit access
	Formal credit access
	Informal credit access
	Formal credit access
	Informal credit access
	Formal credit access
	Informal credit access

 

 	Digital payment adoption 	0.330*** 	0.128*** 	 	 	 	 	 	


 	(0.047) 	(0.047) 	 	 	 	 	 	


 	Average treatment effect 	 	 	0.092*** 	0.032** 	0.072*** 	0.039*** 	0.081*** 	0.042***


 	 	 	 	(0.021) 	(0.015) 	(0.016) 	(0.012) 	(0.015) 	(0.012)


 	Other Variables/Covariates 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes


 	ρ 	0.143 	 	 	 	 	 	


 	Wald test of ρ 	22.754*** 	 	 	 	 	 	


 	N 	7522 	7522 	7522 	7522 	7522 	7522 	7522





① Robust standard errors are presented in parentheses for the regression of the Biprobit model. ②The estimated coefficients are average treatment effects, and bootstrap standard errors are in parentheses for the regression of the PSM.
 



4.3.2 Propensity score matching model

To address selection bias due to observable characteristics, the propensity score matching (PSM) method is used. Farmers using digital payments are treated as the treatment group, while those not using digital payments form the control group. The control variables are used as covariates. The results in Table 4 show that the average treatment effect of digital payment adoption is significantly positive, indicating that farmers using digital payments have a higher probability of obtaining both formal and informal credit.



4.3.3 Comparison of regression results before and after COVID-19 pandemic

Furthermore, to address concerns that the relationship between digital payments and credit access might be influenced by the structural changes during the COVID-19 pandemic (for which 2020 data is missing), we conducted a subsample analysis. We split the data into pre-pandemic (2017–2019) and post-peak-pandemic (2021–2023) periods. The results in Table 5 indicate that the coefficients for digital payment adoption remain positive and statistically significant in both subsamples, confirming the robustness of our main findings across different timeframes.


TABLE 5 Comparison of regression results before and after COVID-19.


	Situation
	Probit
	Biprobit
	Tobit



	Credit access
	Formal credit access
	Informal credit access
	Credit amount
	Formal credit amount
	Informal credit amount

 

 	Before COVID-19 	0.253*** 	0.353*** 	0.114*** 	4.841*** 	7.963*** 	1.104***


 	 	(0.044) 	(0.066) 	(0.030) 	(0.876) 	(1.707) 	(0.383)


 	After COVID-19 	0.284*** 	0.375*** 	0.180** 	8.261*** 	12.206** 	3.575**


 	 	(0.072) 	(0.112) 	(0.083) 	(3.187) 	(6.196) 	(1.417)





① * and *** indicate significance at the 10 and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses.
 





5 Mechanism analysis of digital payment adoption on farmers’ credit access


5.1 Alleviating conditional and price exclusion

To demonstrate that the adoption of digital payments alleviates formal credit exclusion, “conditional exclusion” and “price exclusion” are selected as dependent variables. If a farmer has a financial need but does not apply for a loan due to a lack of interpersonal relationships, collateral, or guarantees, or if the application for a loan is rejected due to the above reasons, the farmer is considered to be facing conditional exclusion, and the conditional exclusion variable takes a value of 1; otherwise, it takes a value of 0. If a farmer does not apply for a loan from a bank due to the constraints of explicit costs such as a too-long application process, a high interest rate, and other implicit costs that are difficult to quantify, the farmer is considered to be facing price exclusion, and the price exclusion variable takes a value of 1; otherwise, it takes a value of 0. The process of determining whether farmers face conditional or price exclusion is illustrated in Figure 2.

[image: Flowchart illustrating decisions on applying for a loan. Key decision points include determining the need for funds and whether a loan was obtained. Reasons for not obtaining loans are linked to conditional exclusions like owing an old loan or having no collateral. Reasons for not applying include price exclusion factors like high-interest rates or complicated processes.]

FIGURE 2
 Decision process for conditional and price exclusion in formal credit.


Based on the Probit model, the regression results in Table 6 show that the coefficients for digital payment adoption on conditional and price exclusion are significantly negative, indicating that digital payment adoption alleviates the conditional and price exclusion faced by farmers in formal credit markets. By using digital payments, farmers can better understand and familiarize themselves with the credit products and services provided by digital financial platforms, accumulate transaction-related data, and obtain loans at lower credit costs, thereby more effectively overcoming conditional and price exclusion in traditional formal credit models. These findings indicate that through digital payments, farmers can more effectively overcome traditional barriers—high collateral requirements (key conditionality) and high transaction/interest costs (price core)—thereby accessing credit under more favorable implicit terms.


TABLE 6 Regression results of digital payment adoption on credit exclusion and propensity.


	Variable
	Conditional exclusion
	Price exclusion
	Formal credit propensity
	Informal credit propensity
	Self-exclusion

 

 	Digital payment adoption 	−0.179*** 	−0.190*** 	0.456*** 	−0.304*** 	−0.299*


 	 	(0.048) 	(0.049) 	(0.096) 	(0.096) 	(0.169)


 	Other variables 	Yes 	Yes 	Yes 	Yes 	Yes


 	N 	7128 	7522 	1252 	1252 	1103


 	Pseudo R2 	0.159 	0.070 	0.179 	0.140 	0.076





① * and *** indicate significance at the 10 and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses.
 



5.2 Reducing the psychological barriers

By asking farmers about their preferred funding sources for productive needs (e.g., business), the variables “formal credit propensity” (preference for formal credit channels), “informal credit propensity” (preference for informal credit channels), and “self-exclusion” (choosing to forgo opportunities rather than seek loans) are set as dependent variables. These variables reflect farmers’ willingness to obtain funds through formal or informal channels in the future, indicating their confidence in accessing formal credit markets and helping to understand future trends in rural credit markets. The Probit model results in Table 6 show that digital payment adoption increases farmers’ willingness to obtain credit through formal channels such as banks or credit unions, enhancing their confidence in accessing formal credit. The results also indicate that digital payment adoption reduces farmers’ willingness to obtain loans through informal channels. As digital payments become more widespread, farmers are more inclined to obtain funds from formal credit channels, indicating significant potential for the development of formal credit markets, while informal credit demand may further narrow. Additionally, digital payment adoption effectively alleviates farmers’ “self-exclusion,” suggesting that digital payments encourage farmers to seek external funding, thereby increasing overall credit demand in rural financial markets.



5.3 Improving credit knowledge

Farmers’ credit knowledge is divided into five levels based on their understanding of formal credit. The ordered Probit model results in Table 7 show that digital payment adoption significantly improves farmers’ credit knowledge. Generally, a certain level of credit knowledge is a prerequisite for farmers to actively apply for formal credit. Digital payment adoption, by improving farmers’ credit knowledge, facilitates formal credit access. Following this logic, credit knowledge is included in the regression for formal credit access and credit amount. The results suggest that digital payment adoption increases the probability of farmers obtaining formal credit by improving their credit knowledge while also helping to increase the amount of formal credit obtained.


TABLE 7 Regression results of digital payment adoption on credit knowledge and informal credit capacity.


	Variable
	Formal credit knowledge
	Formal credit access
	Formal credit amount
	Informal credit capacity
	Informal credit access
	Informal credit amount



	Ordered Probit
	CMP
	NB Model
	CMP

 

 	Digital Payment Adoption 	0.358*** 	0.083** 	0.302 	0.116** 	0.108*** 	0.266***


 	(0.052) 	(0.035) 	(0.301) 	(0.046) 	(0.027) 	(0.092)


 	Formal Credit Knowledge 	 	0.310*** 	1.600*** 	 	 	


 	 	(0.030) 	(0.153) 	 	 	


 	Informal Credit Capacity 	 	 	 	 	0.006* 	0.011


 	 	 	 	 	(0.003) 	(0.010)


 	Other Variables 	Yes 	Yes 	Yes 	Yes 	Yes


 	N 	7522 	7522 	5095 	5095


 	Pseudo R2 	0.073 	 	0.024 	 	


 	atanhrho 	 	1.569*** 	 	0.836***





① ** and *** indicate significance at the 5 and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses. ③ The regression on informal credit capacity is based on survey data from 2017–2019, 2021, and 2022.
 



5.4 Enhancing informal credit capacity

Informal credit plays a crucial role for low-income farmers excluded from formal credit markets, serving as a potential financial safety net for household resilience. The variable “informal credit capacity” is measured via the number of people that farmers can turn to for funds. Given the distribution characteristics of this variable, a negative binomial regression model is used for estimation. Table 7 shows that digital payment adoption enhances farmers’ informal credit capacity, effectively reducing the cost of obtaining informal credit and providing farmers with more funding options. For farmers with a strong informal credit capacity, informal credit channels are a more convenient option for meeting short-term, small-scale, non-productive funding needs. Therefore, informal credit capacity is included in the regression for informal credit access. The results show that informal credit capacity significantly increases the probability of farmers obtaining informal credit. Evidently, digital payments strengthen farmers’ informal social networks, manifested as a positive impact on informal credit capacity, which in turn enhances access to informal credit.




6 Further analysis


6.1 Frequency of digital payment use and farmers’ credit access

It has been confirmed that digital payment adoption helps increase the probability of farmers obtaining credit. However, does the frequency of digital payment use affect its impact on credit access? To explore this, based on the number of times farmers use digital payments on a daily basis, three frequencies of use were classified as: frequent users (almost daily use), infrequent users (less than once a week), and regular users (balances in between). The regression results in Table 8 show that different frequencies of digital payment use positively affect formal credit access while only infrequent use has a significant effect on informal credit access. As the frequency of digital payment use increases, the coefficient for informal credit access gradually decreases, suggesting that the “demand expansion effect” of digital payments on informal credit may evolve into a “substitution effect” for formal credit. This may prompt farmers to transition from informal to formal credit channels in order to meet their funding needs.


TABLE 8 Regression results of the frequency of digital payment use on farmers’ credit access.


	Variable
	Credit access
	Credit amount
	Formal credit access
	Formal credit amount
	Informal credit access
	Informal credit amount

 

 	Frequent use 	0.180*** 	1.592*** 	0.233*** 	1.373*** 	0.053 	0.219***


 	 	(0.042) 	(0.446) 	(0.048) 	(0.477) 	(0.034) 	(0.085)


 	Regular use 	0.050* 	0.164 	0.078** 	0.081 	0.069 	0.082


 	 	(0.030) 	(0.213) 	(0.039) 	(0.202) 	(0.046) 	(0.082)


 	Infrequent use 	0.168** 	0.783 	0.178** 	0.578 	0.276*** 	0.206


 	 	(0.073) 	(0.737) 	(0.080) 	(0.676) 	(0.073) 	(0.207)


 	Other variables 	Yes 	Yes 	Yes


 	N 	7522 	7522 	7522


 	atanhrho 	1.923*** 	1.660*** 	0.992***





①*, **, and *** indicate significance at the 10, 5, and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses. ③ atanhrho represents the inverse hyperbolic tangent transformation of the correlation coefficient (ρ) between the residuals of the credit access and credit amount equations in the CMP model.
 

Regarding the impact of different frequencies of digital payment use on credit amounts, the coefficients of frequent and infrequent digital payments use are relatively large. This phenomenon may be attributed to the fact that infrequent use has a larger marginal effect on credit access, while frequent use helps improve both subjective and objective conditions for credit access. For informal credit, only the frequent use of digital payments has a significant impact on informal credit amounts. A possible reason for this phenomenon is that farmers with less frequent digital payment use primarily rely on informal credit to meet smaller funding needs. The frequent use of digital payments enhances farmers’ informal credit capacity, allowing them to meet larger funding needs through both formal and informal credit channels.



6.2 Heterogeneity in the impact of digital payment adoption on farmers’ credit access

With the deepening of inclusive finance policies and the development of digital finance, the effective supply and accessibility of formal credit in rural areas have significantly improved. The advantages of formal credit over informal credit will become more pronounced, leading more farmers to shift from informal to formal credit markets (Tian et al., 2022). From this perspective, digital payment adoption will have a profound impact on farmers’ demand for formal credit. Therefore, this study further explores the heterogeneity in the impact of digital payment adoption on farmers’ formal credit access, analyzing whether digital payment adoption helps meet farmers’ formal credit needs and exploring the potential changes and growth space in farmers’ credit demand as digital payments become more widespread.


6.2.1 Do the effects of digital payment adoption on formal credit access differ for farmers with different income levels

Increased credit demand and accessibility can significantly promote farmers’ income growth (Zhang F. et al., 2024). However, “elite capture” leads to distortions in the structure and function of rural credit funds, disadvantaging low-income farmers in accessing credit. To explore whether the impact of digital payment adoption on formal credit access varies by income level, farmers are divided into high- and low-income groups based on median income. The regression results in Table 9 show that digital payment adoption significantly affects both high- and low-income farmers, and the inter-group difference is not significant (p-value = 0.863 based on the seemingly unrelated regression test). Digital payment adoption improves formal credit access for farmers regardless of income level, effectively avoiding the “elite capture” issue. A possible reason for this phenomenon is that digital payments are easy to use and have low costs, reducing transaction costs in daily life. Farmers of different income levels have a high acceptance of digital payments, helping to bridge the “usage gap” in the digital divide (Khanal et al., 2021), thereby positively affecting formal credit access for farmers across income levels.


TABLE 9 Regression results for further analysis.


	Variable
	Formal credit access:
 High income
	Formal credit access:
 Low income
	Agricultural development credit access
	Non-agricultural development credit access
	Credit satisfaction



	Probit
	Probit
	Probit
	Probit
	Probit
	Probit

 

 	Digital payment adoption 	0.249*** 	0.316*** 	0.323* 	0.360* 	0.661*** 	


 	 	(0.083) 	(0.075) 	(0.189) 	(0.215) 	(0.195) 	


 	Frequent use 	 	 	 	 	 	0.732***


 	 	 	 	 	 	 	(0.212)


 	Regular use 	 	 	 	 	 	0.520**


 	 	 	 	 	 	 	(0.245)


 	Infrequent use 	 	 	 	 	 	0


 	 	 	 	 	 	 	---


 	Other variables 	Yes 	Yes 	Yes 	Yes 	Yes 	Yes


 	N 	3761 	3761 	1971 	2123 	536 	530


 	Pseudo R2 	0.066 	0.126 	0.208 	0.054 	0.197 	0.200





① **, and *** indicate significance at the 5 and 1% levels, respectively. ② Robust standard errors clustered at the county-level are in parentheses. ③To improve regression quality, provincial characteristics are controlled for in the sub-sample analysis.
 



6.2.2 Does digital payment adoption improve credit access for different purposes?

Farmers use formal credit mainly for productive purposes, including agricultural and non-agricultural development. Credit for agricultural production investment, agricultural working capital, and the purchase of agricultural machinery is classified as agricultural development credit, while credit for non-agricultural investment and working capital is classified as non-agricultural development credit. The impact of digital payment adoption on credit access for different purposes is worth exploring. Table 9 shows that digital payment adoption positively affects credit for non-agricultural development and those for agricultural purposes, with no significant differences observed between these groups (p-value = 0.890 based on the seemingly unrelated regression test). The adoption of digital payments facilitates farmers’ development of agricultural activities and other industries.



6.2.3 Does digital payment adoption meet farmers’ credit needs?

Providing appropriate and effective financial services at affordable costs to all social strata and groups with financial service needs is the essence of inclusive finance. Although digital payment adoption has been shown to increase the probability of farmers obtaining formal credit, whether it meets their credit needs requires further analysis. Farmers whose credit needs are unmet (including those who did not apply due to exclusion) are assigned a value of 0, while those who obtained formal loans and met their credit needs are assigned a value of 1. The regression results in Table 9 show that digital payment adoption significantly improves farmers’ credit satisfaction, and the effect increases with the frequency of digital payment adoption. A possible reason for this phenomenon is that the frequent use of digital payments enriches the effective information that farmers accumulate online, compensating for their lack of hard information. Financial institutions can assess farmers’ risks at lower costs and more accurately meet their credit needs.





7 Discussion and conclusions

The findings of this study provide significant insights into the impact of digital payment adoption on farmers’ credit access, offering both theoretical and practical implications for rural financial inclusion and development. The results align with and extend those of previous research on digital finance and rural credit markets while also addressing several gaps in the literature.


7.1 Interpretation of results

Based on a theoretical analysis and survey data from 7522 farmers in eastern, central, and western regions from 2017 to 2019 and 2021 to 2023, this study finds that digital payment adoption significantly increases the probability of farmers obtaining credit and positively impacts credit amounts. This study demonstrates that digital payment adoption significantly enhances farmers’ access to both formal and informal credit, validating Hypotheses 1 and 2. This finding is consistent with that of prior studies that highlight the role of digital finance in reducing transaction costs and improving financial accessibility for underserved populations (Hu and Liu, 2025; Jamil et al., 2024; Jiang and Wen, 2021). The positive impact of digital payment use on credit access is particularly pronounced for formal credit, suggesting that digital payments not only mitigate traditional barriers such as conditional and price exclusion but also bridge the gap between farmers and formal financial institutions. This aligns with the literature on digital financial inclusion, which emphasizes the potential of digital platforms to democratize access to financial services (Kofinti et al., 2024).

The study also identified the underlying mechanisms by which the adoption of digital payments affects farmers’ access to credit. The mechanisms include alleviating conditional and price exclusion in formal credit, reducing psychological barriers, and improving the credit knowledge of credit-constrained borrowers in rural areas; these findings support Hypotheses 1. Digital payment adoption also enhances informal credit capacity, providing farmers with more funding options, thus supporting Hypothesis 2. The reduction in psychological barriers is particularly noteworthy, as it underscores the transformative potential of digital payments in expanding rural credit markets. This differs from the previous literature that focused on the impact of digital finance on objective credit conditions. Furthermore, the improvement in informal credit capacity suggests that digital payments empower farmers by enhancing their social networks, which are critical for accessing credit in rural contexts.

Different frequencies of digital payment use positively affect formal credit access while only infrequent use has a significant effect on informal credit access. As the frequency of digital payment use increases, the “demand expansion effect” of digital payments on informal credit may evolve into a “substitution effect” for formal credit, which could lead farmers to shift from informal to formal credit channels in order to meet their funding needs. Additionally, digital payment adoption improves credit satisfaction for farmers with credit needs. Our findings indicate that digital payments support rural economic diversification by facilitating credit access for both agricultural and non-agricultural productive activities.

This study highlights the transformative role of digital payments in improving rural credit access and financial inclusion. The results suggest that digital payment adoption not only enhances formal credit access but also strengthens informal credit networks, offering farmers greater flexibility in meeting their financial needs. Policymakers should prioritize the development of digital financial infrastructure and promote financial literacy to maximize the benefits of digital finance for rural households.



7.2 Implications

Theoretical Implications: This study contributes to the growing body of literature on digital finance by highlighting the mechanisms through which digital payments influence farmers’ credit access. The findings suggest that digital payments not only reduce barriers to formal credit but also strengthen informal credit networks, providing a more comprehensive understanding of how digital finance can bridge the urban–rural financial divide. The study also underscores the importance of psychological factors, such as the “unconfident borrower” mentality, in shaping credit behavior, offering new insights into the behavioral economics of rural finance.



7.3 Practical implications

The results have important implications for policymakers and financial institutions. First, this study highlights the need to expand digital financial infrastructure in rural areas, ensuring that farmers have access to affordable and convenient digital payment platforms. Second, financial institutions should leverage digital payment platforms to disseminate credit information and improve financial literacy among rural households. Third, the findings suggest that digital payments can serve as a tool for promoting financial inclusion, particularly for low-income and marginalized groups. Policymakers should consider integrating digital finance into broader rural development strategies to enhance credit accessibility and support rural revitalization.



7.4 Limitations and future research

While this study provides valuable insights, it has some limitations. First, the findings originate from China’s specific context—a nation characterized by a rapidly developing digital financial ecosystem and unique financial institutions. Whether these results can be generalized to countries with different market structures and cultural backgrounds requires further validation. Second, this study focuses on the short- to medium-term effects of digital payment adoption. Longitudinal studies are needed to assess the long-term impact of digital finance on rural credit markets and household welfare. Furthermore, due to data limitations, this study cannot directly examine the impact of digital payments on specific loan contract terms (e.g., interest rates, repayment periods, collateral requirements). Finally, this study does not fully explore the potential negative effects of digital payments, such as increased financial risks or over-indebtedness. Future research should investigate these issues to provide a more balanced understanding of the role of digital finance in rural development.




8 Conclusion

In conclusion, this study provides robust evidence that digital payment adoption significantly enhances farmers’ access to both formal and informal credit, offering a transformative pathway for rural financial inclusion. By alleviating conditional and price exclusion in formal credit markets, improving farmers’ credit knowledge, and reducing psychological barriers among credit-constrained borrowers, digital payments bridge the gap between rural households and formal financial institutions. Furthermore, the study reveals that digital payments strengthen informal credit networks, providing farmers with greater flexibility in meeting their financial needs. Notably, the positive impact of digital payments is more pronounced for non-agricultural credit access, highlighting the need for targeted policies to address the unique challenges of agricultural financing. This research contributes to the growing literature on digital finance by uncovering the dual role of digital payments in enhancing both formal and informal credit access, a novel perspective that underscores the importance of digital financial infrastructure in rural development. Policymakers and financial institutions should prioritize expanding digital payment platforms and promoting financial literacy to maximize the benefits of digital finance for rural households, ultimately fostering sustainable rural revitalization and economic growth.
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