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Abstract: Insufficient capital investment coupled with limited land resources significantly limits
cultivated land use efficiency (CLUE). China’s rural credit policy system is currently growing, yet
the impact of farmer-level credit on CLUE remains understudied. Therefore, this study investigated
whether rural credit enhances CLUE by using the China Rural Revitalization Survey (CRRS) data.
It explored the impact and mechanism of rural credit on CLUE using least squares regression and
mediation models. According to our results, the average CLUE level for farmers in the study area
was 0.661, which still had much room for improvement compared with Japan, which also has a
large population but limited land. In addition, access to rural credit positively affected CLUE, with
cultivated land scale-up and technological applications mediating the rural-credit-driven increase
in CLUE. Further analyses of the rural credit allocation mode (RCAM) indicated that farmers’ use
of credit for investment in agricultural production factors boosted CLUE more than non-farming
allocation of credit funds. These findings suggest that the government should continue to increase
support for rural credit while improving the monitoring mechanism for credit allocation to prevent
rural credit de-farming from hindering CLUE improvement.

Keywords: agricultural capital; data envelopment analysis; de-farming transfers

1. Introduction

The importance of cultivated land is unquestionable, especially in guaranteeing food
security and sustainable development [1,2]. China’s cultivated land resources are very
constrained, making up less than 10% of the world’s total farmland area. However, they
support 1.4 billion people, which is one-fifth of the global population [2,3]. Over the past
40 years, China has experienced rapid urbanization and industrialization, transforming
it from an agricultural country to the world’s largest industrial nation, which has led to
unprecedented achievements in poverty eradication as well as increasing challenges to its
cultivated land resources [4]. The problems of abandonment, quality degradation, and
ecological deterioration of China’s cultivated land are becoming increasingly serious [5,6],
resulting in low use efficiency of cultivated land and making it difficult to increase food
production. Under the multiple pressures of war, epidemics, and increasing global food
demand [7], it is urgent to change traditional attitudes and explore efficient models of
cultivated land use [4], in addition to actively protecting existing cultivated land. This is
crucial to ensure food security.

Research has been conducted from the perspectives of land policy and agricultural
production technology to improve cultivated land use efficiency (CLUE). Scholars have
argued that land policies, such as confirming rights and transferring and strengthening the
market regulations of cultivated land [8–10], are conducive to improving CLUE. Moreover,
advanced agricultural production technologies such as land preparation, green fertilization,
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and the application of superior seeds effectively improve CLUE [11,12]. An effective
supply of agricultural capital is the basis for realizing the objectives of land policies and the
application of agricultural production technologies [13,14], as agricultural capital provides
the liquidity required for investment in production [15], influencing producers’ agricultural
inputs. However, farmers’ poor ability to accumulate capital, stemming from the weak
nature of agriculture, hinders the formation and supply of agricultural capital. The limited
financial support from local governments for developing the agricultural economy in some
areas exacerbates the lack of agricultural capital. Developing rural credit services could
improve capital liquidity in the rural financial market [15,16], which would promote the
formation of agricultural capital and reduce financial pressure on agricultural producers.

Previous studies have usually focused on the impact of rural credit on poverty eradi-
cation [17], and agricultural economic growth rather than the role it plays in improving
CLUE [18]. Zeller et al. found that access to credit by households with low risk toler-
ance enabled growing capital-intensive crops, such as hybrid maize and tobacco, which
contributed to higher household incomes and alleviated poverty [19]. De Castro and Teix-
eira discovered that the implementation of a rural credit program in Brazil in 1965 led
to farmers purchasing numerous agricultural inputs, including fertilizers and pesticides,
and significantly higher yields of crops such as soybeans and corn; this in turn gave a
quick boost to economic growth in the agricultural sector [20]. Although no studies have
directly investigated whether rural credit improves CLUE, some scholars have found there
is a change in the farm household’s cropland output and factor allocation decisions after
accessing credit. Guirkinger and Boucher found that eliminating credit constraints in Peru
increased output per hectare by 26% [16]. Researchers have found that after receiving credit,
farmers were more inclined to adopt high-yielding seeds and optimize their cropping struc-
ture [14,21]. Wang and Li observed a positive effect of average farmland size per laborer,
size of agricultural loans, and agricultural tax exemption on the efficiency of farmland use
at the prefecture and city level in China [22]. In addition, Petrick observed that access to
credit increased the propensity of farmers to engage in subsistence consumption to build
houses and purchase household goods [13]. This implies that credit may reduce farmers’
productive investment in cultivated land, thus constraining CLUE growth.

The existing literature provides a basis for analyzing the relationship between rural
credit and CLUE. To date, scholars have not drawn general conclusions regarding the
impact of the availability and allocation of rural credit on CLUE. The growing concern
about the declining global per-capita cultivated land area has forced serious thought
regarding the relationship between rural credit and CLUE [2]. For example, does rural
credit contribute to improving CLUE, and can it still have a positive impact on the efficient
use of farmland, especially in the case of rural credit de-farming transfers? Analyzing these
questions is essential for the scientific establishment of effective rural credit policies to
ensure sustainable food production. Therefore, an in-depth analysis of the contribution of
rural credit in improving CLUE and its mechanism is provided by this study, using data
from the 2020 CRRS, which is also known as the China Rural Revitalization Survey.

The remainder of the paper is structured as follows: Theories on the impact and
mechanisms of rural credit on CLUE are detailed in the second part. The study area, data
sources, and the basic model are presented in Section 3. The empirical analyses used
to validate our theories are presented in Section 4. Section 5 presents a discussion and
recommendations. Finally, conclusions are presented in Section 6.

2. Theoretical Analyses

As the agents in cultivated land production activities, farmers directly influence CLUE
through their allocation decisions and behavior with regard to production factors. Farm
households in China rely on capital to purchase agricultural production factors as inputs to
obtain agricultural outputs. Due to the natural characteristics of agricultural production,
farm households may face seasonal financial constraints, leading to payment difficulties
in purchasing production factors. The impact is pronounced for farm households that
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are more capital-dependent [23]. As a result, farmers are forced to make sub-optimal
production decisions in the face of financial constraints [15]. Farmers may purchase
less risky combinations of production factors or technologies, which could translate into
productivity levels well below the optimum combination of inputs [17,24]. However, access
to rural credit can alleviate the financial constraints of farmers to a certain extent and
provide a strong incentive for farmers to increase their current investments in production
factors [25]. In this way, output levels can be optimized to improve CLUE under conditions
of limited cultivated land resources. Specifically, rural credit provides incentives for
farmers to actively invest in purchasing farmland and technology factors and influences
CLUE through cultivated land scale-up and technology application. We summarized the
mechanism of rural credit impact on CLUE (Figure 1).
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Figure 1. Mechanisms by which rural credit can improve cultivated land use efficiency (CLUE).

Rural credit can increase the likelihood of farmers transferring cultivated land, fa-
cilitating its scale-up, and mitigating the negative effects of fragmentation. China faces
cultivated land fragmentation [8,26], leading to irrational labor and machinery allocation
and then increasing technical inefficiency and production costs [12], which reduces CLUE.
Moreover, cultivated land fragmentation constrains spatial spillovers from investment in
agricultural infrastructure [12], which hinders the growth in production investment and
ultimately leads to lower output and efficiency. In addition, the inefficient use of cultivated
land is more likely to lead to farmland abandonment [10]. Land transfer could promote
centralization and large-scale operations to solve the adverse effects of fragmentation. How-
ever, farmers lack the funds to pay for land transfers when facing credit constraints [27],
which discourages them from transferring. Improving rural credit availability (RCA) could
provide financial support for farmers and encourage them to expand their operational
scale to achieve a rational allocation between farmland and related factors by transferring
farmland. CLUE might be effectively improved through large-scale operations. However,
the transfer does not necessarily realize high efficiency by expanding the farmland scale if
other constraints, such as production technology, are present. Farmers also need to improve
their production techniques, which cannot be accomplished without the effective support
of production financing.

Second, rural credit can incentivize farmers to apply "labor-saving" or "land-saving"
technologies to alleviate the constraints of other production factors and change the ex-
ternal conditions of agricultural production. Agricultural producers are encouraged to
apply “labor-saving” technologies. Agricultural labor loss quantitatively and qualitatively
raises the cost of searching for and hiring workers in agriculture due to labor migration
in many developing countries [8]. This may lead to a shortage of labor inputs, resulting
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in lower yields from land during the peak season of employment, ultimately reducing
CLUE. Moreover, labor aging exacerbates farmland abandonment [26]. Aging also hinders
the application of technology due to the comparative disadvantages of physical strength
and perception, which is not conducive to improving CLUE. Rural credit can mitigate
the inefficiencies caused by agricultural labor loss by promoting the development of the
market for agricultural machinery services and investment in agricultural machinery [28].
Furthermore, agricultural machinery operation services create conditions for technical
advancement conducive to efficient land use. Rural credit can also stimulate farmers to
apply “land-saving” technologies to increase land output, such as replacing chemical fertil-
izers with organic fertilizers [29], improving varieties [30], and green control of pests and
diseases [5]. Farmers have long shown fertilizer input bias due to limited capital accumula-
tion [31], leading to low cultivated land production capacity and use efficiency. However,
households with insufficient production funds may not adopt organic fertilizers, as they
are more expensive than chemical fertilizers [32]. This may be why farmers in developing
countries are more dependent on chemical fertilizers than in developed countries.

Thus, access to rural credit can increase CLUE if it improves farming households’
investments in land and technology and optimizes the allocation of production factors.
Therefore, we proposed the following hypotheses:

Hypothesis 1: Access to rural credit contributes to improving CLUE.

Hypothesis 2: Rural credit improves CLUE by promoting cultivated land scale-up and technologi-
cal applications.

However, farmers tend to allocate rural credit for non-agricultural production usage
after acquiring it due to the lack of supervision over its use in order to fulfill financial needs
in other areas [25,33]. This deprives the utilization of rural credit of the directionality for
which it was designed. Petrick noted that 50% of borrowers invested less than the amount
borrowed for agricultural production on Polish farms [13]. A survey of farmers in the
Weibei region of Shaanxi Province, China (2000–2003) revealed that the proportion of loans
invested in non-farm projects accounted for 70.93% of the total production borrowing [34].
Their study implies that rural credit generates a wealth effect that promotes consumption
in the area of livelihoods. If the relief from financial constraints for farmers to purchase
land and production technology is lacking, this is not conducive to the input and rational
allocation of production factors that negatively affect cultivated land output levels. It even
accelerates agricultural labor migration and triggers the abandonment of cultivated land.
Therefore, we proposed the following hypothesis:

Hypothesis 3: The effectiveness of rural credit in improving CLUE is affected by the allocation
mode, which is unfavorable to CLUE when used for non-farm production.

3. Materials and Methods
3.1. Study Area

Considering the amount of agriculture-related loans, area of cultivated land, and topo-
graphical conditions in rural areas of China, this study examined 10 provinces: Guangdong,
Zhejiang, Shandong, Anhui, Henan, Guizhou, Sichuan, Shaanxi, Ningxia, and Heilongjiang
(Figure 2). Most of these areas are traditional agricultural provinces with a relatively
flat topography and extensive cultivated land, which permits large-scale cultivation and
machinery use, providing rich sample support for the study. In addition, in Zhejiang,
Guangdong, Henan, Sichuan, and Shandong, the early popularization of rural financial
policies and large-scale agriculture-related loans allowed more funds to be used to im-
prove agricultural production conditions. These factors are crucial in investigating the
relationship between rural credit and CLUE.
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Figure 2. Study area. Cultivated land area and farm-related loan data derived from the statistical
bulletins of 10 provinces in China for 2018, 2019, and 2020. We calculated the average of these data
and then used ArcGIS10.6 for specific mapping. The base map was obtained from the standard map
with review number GS (2019)18231 and was downloaded from the standard map service website of
the Ministry of Natural Resources of China.

3.2. Methods
3.2.1. Data Envelopment Analysis (DEA) to Measure CLUE

CLUE reflects the rational use of inputs and an appreciation of the value of cultivated
land in the farming process [2,6]. Most studies in China and globally measure CLUE using
the ratio of inputs to outputs in the production process [2,9,35]. Data envelopment analysis,
DEA, is an important way to assess the relative efficiency of decision-making units, which
are abbreviated as DMUs [36]. This method is widely used for efficiency research and
analysis. Farmers often aim to maximize household returns for factor allocation. In China,
this principle means maximizing output to increase returns while keeping the scale of
inputs constant. Therefore, this study defined CLUE as the maximum agricultural output
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that can be achieved under a given input level of cultivated land resources. We measured
CLUE using an output-oriented DEA model, as follows:

maxµ

Xi0 ≥
n
∑

j=1
Xijλj

Yr0µ ≤
n
∑

j=1
Yrjλj

n
∑

j=1
λj = 1

i = 1, 2, · · · , m; r = 1, 2, · · · , s; j = 1, 2, · · · , n

(1)

where Xij and Yrj are the ith input and rth output of the jth farm household; λj is the
non-negative weight of the jth farm household; µ is the efficiency value of the jth farm
household. The input variables were cultivated land, labor, and productive capital, in-
dicating cultivated area, family agricultural laborers, and the sum of the expenses and
costs of all production stages (e.g., plowing, sowing, dousing, fertilizing, irrigating, and
harvesting), respectively. The output variable was the family gross cultivation value.

3.2.2. Main and Mediating Effect Models

According to our analysis, rural credit changes the current investment in production
factors, which indirectly affects CLUE. This study constructed main and mediating effect
models to test our theory and estimated all the variables’ values using ordinary least
squares regression with the help of stata15. The models are as follows:

Yi = α + βC + ∑N
n=1 θXi + εi (2)

Zi = α1 + β1C + ∑N
n=1 θ1Xi + εi (3)

Yi = α2 + β2C + β3Zi + ∑N
n=1 θ2Xi + εi (4)

where Yi is CLUE; C is the RCA; Xi is other variables affecting CLUE of the farm household;
Zi is the investment in agricultural production factors; α, β, and θ are the coefficients to be
estimated; and εi is the random disturbance term. The total effects model used to investigate
whether RCA improves CLUE is shown in Equation (2). Equation (3) estimates the effect of the
RCA on farm household investment in agricultural production factors. Equation (4) introduces
RCA and agricultural factor investment to verify whether Zi acts as an intermediary.

3.2.3. Modelling the Rural Credit Allocation Mode (RCAM) Impact on CLUE

As we pointed out in the theoretical analysis section, farmers utilizing rural credit for
non-agricultural purposes squeezes capital factor inputs into the cultivated land production
process, which may have a negative impact on improving CLUE. Therefore, we used the
following model for farmers who receive credit:

Wi = α + βS + ∑N
n=1 θXi + εi (5)

where Wi is CLUE of ith farmers who receive credit; S is the RCAM; Xi is other variables
affecting CLUE, in line with Equation (2); and εi is a random disturbance term. All variables
were estimated using OLS regression.

3.3. Data Source and Processing

Our data are derived from the 2020 CRRS, which captured agricultural and economic
phenomena, such as agricultural production, rural labor force, income, and expenditure, at the
village and household levels. First, sample counties were selected according to per capita GDP
at the county level using the equidistant random sampling method among the 10 provinces
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studied. Townships (towns) and villages were randomly selected using the same sampling
method. Second, a random sample of households was drawn according to the equidistant
sampling method based on the roster given by the village council, and a questionnaire was
used to collect information. Third, this study screened the data of farm household families
with agricultural production credit needs. Finally, we excluded data where the amount of
cultivated land and labor is missing, and where there is a large deviation of productive capital
inputs from the output value. We obtained 1330 valid samples.

3.4. Variable Selection

The CLUE of farm households was the explanatory variable. We used Deap 2.1
(University of Queensland, St Lucia, QCL, Australia) to measure CLUE.

To examine the effectiveness of rural credit, the core explanatory variable was RCA,
defined as whether farmers received loans from financial institutions for productive purposes
in the last three years. To examine credit application, the core explanatory variable was RCAM,
defined as whether farmers used credit for agricultural production, such as paying land rent,
purchasing fertilizers, seeds, and pesticides, and building production greenhouses.

Based on the theoretical analysis, the mediating variables were selected from two di-
mensions: cultivated land scale-up and technological application. Cultivated land scale-up
was whether farmers had cultivated land transfer in (CLTI), whereas technology application
was the expenditure cost of purchasing farm machinery socialization services (PFMSS) and
whether they purchased organic fertilizer (POF).

Control Variables. To prevent other factors from affecting the estimation results,
we controlled for the characteristic variables in two dimensions: household and village.
Specifically, these included household size (HS), labor input (LI), receipt of agricultural
subsidies (AS), participation in agricultural insurance (AI), per capita disposable income
(PCDI), terrain (Te), and whether the village provided production means (PM). In addition,
considering the regional differences, we divided the 10 provinces into three regions, east,
central, and west, according to their geographical locations, and set regional dummy
variables to control for the different impacts due to regional differences. Table 1 provides
the descriptive statistics for each variable.
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Table 1. Descriptive statistics.

Variable Type Variable Variable Definition Mean SD

Dependent Cultivated land use
efficiency (CLUE) The DEA model measures the combined production efficiency 0.661 0.104

Input variables of the
DEA model Cultivated land Cultivated area (mu) 36.654 111.246

Productive capital The sum of the expenses and costs of all production stages
(CNY) 11,475.930 34,597.830

Labor Family agricultural laborers (persons) 2.337 0.717
Output variable of the

DEA model
Gross cultivation

value Family gross cultivation value (CNY) 24,987.560 56,546.770

Independent
Rural credit

availability (RCA)
Whether farmers have received loan funds from financial
institutions for productive purposes in the last three years:

1 = yes; 0 = no
0.298 0.457

Rural credit
allocation mode

(RCAM)

Whether farmers use credit for agricultural production, such as
paying land rent, purchasing fertilizer, seeds, and pesticides,

and building production greenhouses: 1 = yes; 0 = no
0.230 0.421

Mediating

Cultivated
land

scale-up
Cultivated land

transfer in (CLTI)
Whether farmers have cultivated land transfer in: 1 = yes;

0 = no 0.375 0.484

Technology
applica-

tion

Purchasing farm
machinery

socialization services
(PFMSS)

The expenditure cost of purchasing farm machinery
socialization services (CNY); natural logarithmic value 7.269 1.266

Purchase organic
fertilizer (POF) Whether they purchase organic fertilizer: 1 = yes; 0 = no 0.273 0.446

Control
Family

character-
istics

Agricultural
subsidies (AS) Whether they receive agricultural subsidies: 1 = yes; 0 = no 0.963 0.190

Agricultural
insurance (AI)

Whether they participate in agricultural insurance: 1 = yes;
0 = no 0.487 0.500

Household size (HS) Total household size (persons) 4.176 1.504
Labor input (LI) Family agricultural labor force (persons) 2.337 0.717

Village
character-

istics
Terrain (Te) Terrain on which the village is situated, 1 = plain, 0 = non-plain 0.493 0.500

Production means
(PM) Whether the village provides production means: 1 = yes; 0 = no 0.624 0.484

Per capita disposable
income (PCDI)

Per capita disposable income in the village in 2019 (CNY);
natural logarithmic value 9.324 0.497

Regional
dummy
variable

Eastern region (ER) Central provinces = 1, other = 0 0.315 0.464

Western region (WR) Western provinces = 1, other = 0 0.447 0.497

Note: 1 mu ≈ 666.67 m2. Eastern provinces include Guangdong, Heilongjiang, Shandong, and Zhejiang. Western
provinces include Guizhou, Ningxia, Shanxi, and Sichuan. The remaining provinces are in the central region.

4. Results
4.1. Estimation of CLUE

We analyzed the relationship between CLUE and RCA in the provincial and village
dimensions (Figures 3 and 4). In the provincial dimension, we counted the average value
of sample farmers’ RCA and CLUE in terms of provinces to facilitate observing the over-
all situation of farmland use and credit availability in different provinces. Further, we
categorized the sample farmers according to the village code in which they were located
(239 villages were formed) and then counted the average level values of RCA and CLUE
in the village dimension and plotted the scatterplot (Figure 4). From this, we can make
a preliminary judgment on whether there is a correlation between RCA and CLUE for
farmers in different sample villages. In contrast, Japan, which also has many people but
little land, had a national CLUE average of 0.914 in 20212. This indicated that most sample
farmers had low CLUE compared to Japan, with large disparities in CLUE between regions,
indicating significant potential for improvement. Since the last century, Japan has actively
promoted mechanized agricultural production and large-scale operation [37], contributing
significantly to the effective use of farmland. This provides us with inspiration for improv-
ing CLUE. Second, approximately 29.8% of the sampled farmers successfully obtained
rural credit, indicating that the majority of farmers had difficulty in successfully accessing
rural credit. This result was similar to the findings of Kumar et al. [15], who found that
60% of Chinese households had restricted credit. Only four provinces—Zhejiang, Hei-
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longjiang, Shandong, and Ningxia—had above-average CLUE, and among them, Zhejiang,
Heilongjiang, and Ningxia had RCA above the mean value.
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As shown in Figure 4, CLUE was positively correlated with RCA at the village level.
RCA and CLUE had a positive linear relationship. This finding indicated that access to
rural credit helped farmers increase CLUE. However, further econometric modeling is
required to explore the relationship between the two to eliminate the confounding effects
of other variables.

4.2. Impact of RCA on CLUE

Table 2 reports the effect of RCA on CLUE with the inclusion of all control variables.
According to the results, the effect of RCA on CLUE was significant at the 1% level with
a coefficient of 0.033. An empirical test on a sample of 1330 from 10 provinces in China
demonstrated that farmers who have access to rural credit are 3.3% points more efficient in
their cultivated land use than those who do not. This result was consistent with our theo-
retical component, suggesting that access to rural credit positively affects CLUE. However,
the probability of a farmer in the study area receiving credit was low. This could be due
to adverse selection. Lending institutions are more inclined to provide loans to younger
families with better financial means [20]. As this group of households tends to demand
larger amounts when borrowing and has a lower risk of default, lending to them is more
profitable. Conversely, this may be because of a lack of suitable collateral. Most smallholder
farmers have collateral that does not fulfill the collateral requirements and may forgo credit
for fear of the possible risk of collateral loss if they are unable to repay the loan [15,24].
Finally, due to information asymmetry, farmers may face excessive transaction costs [16,23],
affecting households’ access to credit markets.
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Table 2. OLS estimates of the impact of RCA on CLUE.

Variables Dependent Variable CLUE (Model 1)

Coefficient Standard Errors

RCA 0.033 *** 0.005
AS 0.022 0.011
AI 0.013 ** 0.005
HS −0.001 0.002
LI −0.089 *** 0.003
Te 0.016 *** 0.005

PM 0.005 0.005
PCDI 0.004 0.004

ER 0.008 0.006
WR −0.017 ** 0.006

Constants 0.796 *** 0.044
N 1310
R2 0.448

Note: **, *** p < 0.05, 0.01, respectively.

The results also indicated that LI and Te significantly affected CLUE at the 1% level.
In particular, CLUE was relatively high in the plains. Poor terrain conditions tended to
increase farmers’ management and machinery use costs [28], which prevents improving
CLUE. The effect of LI on CLUE was significantly negative, indicating labor redundancy in
some households in the current situation, leading to an irrational allocation of the labor-to-
cultivated land ratio [12]. This reduced CLUE, as it was not conducive to an increase in the
final output level.

4.3. Mechanism Analysis

Table 3 reports the mechanisms by which RCA affects CLUE, considering two path-
ways: cultivated land scale-up and technology application. The explanatory variable for
Models 5–8 was CLUE; for Models 2–4, the explanatory variables were CLTI, PFMSS, and
POF, respectively.
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Table 3. OLS estimates of mediating effects.

Variables Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
CLTI PFMSS POF CLUE CLUE CLUE CLUE

RCA 0.173 *** 0.597 *** 0.091 *** 0.026 *** 0.017 *** 0.032 *** 0.014 **
(0.029) (0.079) (0.026) (0.005) (0.005) (0.005) (0.005)

CLTI 0.044 *** 0.023 ***
(0.004) (0.005)

PFMSS 0.028 *** 0.025 ***
(0.002) (0.002)

POF 0.015 ** 0.006
(0.005) (0.005)

AS −0.042 0.383 * −0.128 * 0.024 * 0.002 0.024 * 0.005
(0.070) (0.194) (0.063) (0.011) (0.011) (0.011) (0.011)

AI 0.082 ** 0.334 *** 0.049 0.009 * 0.002 0.012 * 0.002
(0.028) (0.075) (0.025) (0.004) (0.004) (0.005) (0.004)

HS 0.010 0.089 *** 0.019* −0.001 −0.002 −0.001 −0.002
(0.010) (0.026) (0.009) (0.002) (0.002) (0.002) (0.001)

LI 0.014 −0.018 0.019 −0.090 *** −0.101 *** −0.089 *** −0.101 ***
(0.020) (0.058) (0.018) (0.003) (0.003) (0.003) (0.003)

Te 0.030 0.540 *** −0.071 ** 0.014 ** −0.002 0.017 *** 0.000
(0.029) (0.075) (0.026) (0.005) (0.004) (0.005) (0.004)

PM 0.025 0.280 *** −0.039 0.003 0.000 0.005 0.000
(0.027) (0.075) (0.025) (0.004) (0.004) (0.004) (0.004)

PCDI −0.039 −0.127 0.001 0.005 0.001 0.004 0.002
(0.027) (0.072) (0.024) (0.004) (0.004) (0.004) (0.004)

ER 0.095 ** 0.147 −0.100 ** 0.004 0.003 0.009 0.001
(0.037) (0.093) (0.033) (0.006) (0.005) (0.006) (0.005)

WR −0.026 −0.405 *** 0.132 *** −0.015 ** −0.005 −0.019 ** −0.007
(0.036) (0.094) (0.032) (0.006) (0.005) (0.006) (0.005)

Constants 0.564 * 6.997 *** 0.242 0.77 1 *** 0.687 *** 0.792 *** 0.691 ***
(0.268) (0.718) (0.242) (0.042) (0.043) (0.044) (0.043)

N 1310 1056 1310 1310 1056 1310 1056
R2 0.053 0.193 0.093 0.487 0.581 0.452 0.592

Note: 1. Standard errors in parentheses. *, **, *** p < 0.1, 0.05, 0.01, respectively.

(1) Estimation results and analysis of cultivated land scale-up. According to Models
2 and 5, the effect of RCA on CLTI was significant at the 1% level and had a coefficient of
0.177, whereas the effect of CLTI on CLUE was significantly positive at the 1% level. It can
be seen that access to rural credit helped drive farmers to participate in transfer to increase
the farming scale, which positively affected CLUE. An important aspect of this was that
cultivated land transfer led to more farmland flow to farmers with a higher agricultural
production capacity but limited initial farmland resources [9], thus optimizing the allocation
efficiency of farmland. Moreover, an increase in cultivated land size facilitated the rational
allocation of other production factors, such as labor and machinery, thus increasing output.
In addition, the size of cultivated land above a certain threshold strengthened the collateral
capacity of farmers [38], increasing the likelihood of farmers’ access to rural credit and
creating incentives for agricultural investment.

(2) Estimation results and analysis of technological applications. According to Models
3 and 6, access to rural credit had a positive effect on PFMSS, whereas PFMSS positively
affected CLUE. Both passed the 1% significance level. Models 4 and 7 showed that the
effect of rural credit on POF was significant at the 5% level, whereas that of POF on CLUE
was positive and passed the 1% significance test. What these results suggest was that
farmers prefer to apply technology after accessing rural credit, which positively affected
CLUE. Conversely, a labor shortage created a push for farmers to purchase agricultural
social services, and access to rural credit helped farmers realize their desire to purchase
agricultural social services and remove the labor shortage impediment. Moreover, agri-
cultural social services applied advanced farming techniques to production, creating a
substitute for inefficient technologies. In addition, the purchase of agricultural societal
services reduced the sunk costs of farmers purchasing farm machinery and the input costs
of cultivated land production, which improved CLUE. Furthermore, rural credit provided
farmers with stronger behavioral incentives for green production [29]. It was also important
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for the improvement of cultivated land quality and sustainable production. This is because
the extensive use of chemical fertilizers can cause damage to the ecosystems surrounding
cultivated land, whereas the use of organic fertilizers will reduce these harmful effects.

(3) Estimation results combining cultivated land scale-up and technological applica-
tions. Model 8 showed that the effects of the mediating variables were generally consistent
with the previous results and passed the significance test. The impact coefficients of Model
8 were smaller than those of Models 5, 6, and 7, with the addition of a single mediator
variable, suggesting that the mediator variable played only a partial mediating role.

These results indicated that rural credit enhanced farmers’ investment in production
factors such as cultivated land and technology. This was consistent with previous find-
ings [24,39]. Under imperfect market conditions, farm household production decisions
were influenced by their potential to implement budgetary necessities. Nevertheless, house-
holds with access to credit could invest in production factors because of reduced budget
constraints. They could then increase CLUE by promoting cultivated land scale-up and
technological applications. These findings supported Hypothesis 2. This implies that access
to credit increases the production endowment of farmland and other factors. The efficiency
of farmland use is increased by expanding output, thus creating a substitution of capital for
some under-endowed cultivated land. This finding suggests that there is an urgent need to
remove the credit constraints that farmers face to expand their productive investments.

4.4. The Effect of Rural Credit Allocation on CLUE

To comprehensively assess the rural credit policy effects, this study examined both
the cultivation and non-cultivation allocations. Among the 390 farming households that
received rural credit, 150 households used credit for non-farm purposes, such as family home
construction and children’s education. The rate of non-farm use of rural credit was as high as
38.5%, which likely had a negative impact on investment in agricultural production factors.

Table 4 reports the estimation results of the effects of credit allocation mode on CLUE.
The The coefficient of RCAM was 0.033 and passed the 1% significance test. This indicated that
CLUE increased by 3.3% points when farmers used credit for agricultural production. This
supported Hypothesis 3, indicating that rural credit cannot optimize the allocation efficiency
of production factors when applied to non-farm areas, which is not conducive to increasing
CLUE. Gershon Feder et al. reached a similar conclusion [25]. They found that almost one-
third of the current credit is used in the area of household consumption, and that greater
agricultural output is obtained if more of this credit is used for agricultural investment.

Table 4. OLS estimates of the impact of RCAM on CLUE.

Variables Dependent Variable CLUE (Model 9)

Coefficient Standard Errors

RCAM 0.033 *** 0.009
AS 0.021 0.022
AI 0.018 * 0.009
HS −0.005 0.003
LI −0.108 *** 0.007
Te 0.003 0.009

PM −0.003 0.009
PCDI 0.013 0.009

ER 0.002 0.013
WR −0.026 * 0.012

Constants 0.800 *** 0.094
N 390
R2 0.527

Note: * and *** p = 0.1 and 0.01, respectively.

5. Discussion
5.1. Crisis and Possible Causes of Rural Credit De-Farming

Our results suggest that rural credit de-farming is a significant obstacle to effective
land use. The allocation of credit funds by farmers to non-farm areas does not change the
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insufficient supply of capital in cultivated land production processes. An inadequate supply
of agricultural capital can constrain the growth in productive investment in cultivated
land use, induce low output levels, further reduce returns, and make the accumulation
and regenerative capital supply insufficient, creating a vicious circle of the inefficient use
of farmland and the poverty trap. This could exacerbate the displacement of agricultural
labor, making cultivated land abandonment more frequent and ultimately endangering
national food security. Therefore, in response to the phenomenon of low effective farmland
use that may result from the diversion of rural credit for agricultural production in rural
China, the role played by rural credit is limited if the policy fails to effectively guide the
allocation mode of rural credit in the field.

Several possible reasons for rural credit de-farming exist. The first one is low return
on investment in agriculture and high production risk [15]. Some farmers are less active
in agricultural production, less dependent on cultivated land, and more inclined to use
agricultural credit funds for non-farm business activities with higher returns. Second, some
current farming households in poor areas have low savings capacity and face difficulties
with large expenditures, such as medical care and education [40]. They apply for rural
credit with relatively low interest rates in the name of agricultural production but use it
for medical care, education, and other consumer purposes. Third, lending institutions
lack an effective monitoring mechanism, relaxing or even abandoning the supervision of
loan fund use.

5.2. Innovations and Outlooks for Future Research

In contrast to the literature on the positive contribution of rural credit to farmland
production, there is less recognition that access to credit contributes to CLUE. In particular,
how credit is allocated can have a differential impact on CLUE. This study makes several
contributions. We analyzed the impact of RCA on CLUE from the perspective of influencing
the ability to invest in production. We then constructed a theoretical analytical framework
in which access to rural credit increases CLUE by improving farm household investments
in production factors. Furthermore, based on a sample of 1330 micro-farming households
in 10 provinces in China, we revealed that low CLUE still exists in some parts at present,
as well as empirical evidence that accessing rural credit improves CLUE by expanding
the size of cultivated land and applying technology. On the basis of the objective reality
of the transfer of rural credit to non-farm areas, we further examined the impact of how
farmers allocate rural credit on CLUE from the two dimensions of non-agricultural and
agricultural use, which provided a new policy logic for improving China’s rural credit
regulation mechanism. In addition, considering several input and output indicators for
measuring CLUE, we adopted the statistical method of DEA to measure it. DEA applies to
the efficiency evaluation problem of multiple inputs and multiple outputs [36] and uses
linear programming to find the optimal "production frontier" to evaluate the CLUE of
the sample farmers [41]. As setting the specific production function form in advance is
unnecessary, it is superior in simplifying the calculation and reducing the error. Compared
with Bing Kuang et al.’s study [2], we counted the input indicators, including the productive
capital consumed in the whole process from plowing to harvesting, so that the estimated
CLUE values were more in line with the real production situation of farmers.

However, this study had several limitations. Although the CRRS data describe the
farmland use, output, and credit allocation modes of farm households, they ignore the time
lag in the effect of credit investment. We did not measure the role of long-term investments
in purchasing large machinery and education in agricultural production. For instance,
credit constraints may lead to poor investment in human capital early in a person’s life
cycle [15], affecting the potential for efficient farmland use. Therefore, future research
should examine the effect of farmers’ credit use on long-term productive investments
in CLUE through a large panel data sample. Second, different levels of farm household
assets may affect rural credit availability, which in turn may have specific impacts on farm
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households’ cultivated land use decisions. Future studies should explore the impact of
rural credit availability and allocation on CLUE at different asset levels.

5.3. Policy Implications

Although our empirical study originated from selected rural areas in China, the
conclusions drawn may be relevant to other regions and even some developing countries.
Farm households in many developing countries continue to derive food and household
income from cultivated land. However, constrained by insufficient funds for agricultural
production, general credit constraints, and non-farm credit transfers, farm households have
limited agricultural inputs for cultivated land production, which, in turn, negatively affects
CLUE. Our findings have important policy implications for improving CLUE in countries
with insufficient capital shares in agricultural production.

First, accessing rural credit plays an important role in improving CLUE by facilitating
the purchase of inputs at an optimal output level for farmers. To solve farmers’ limited
credit problems, it is necessary to guide financial institutions to improve credit products
and services. Governments should facilitate farmers’ access to credit by expanding their
collateral range, facilitating information dissemination to reduce transaction costs, and
relaxing credit standards. Moreover, farmers should be encouraged to seek credit support
from financial institutions to improve external agricultural production conditions. This
could meet the financing needs for expanding production capacity, equipment renovation,
technological upgrading, and other purposes, as well as working capital needs for the
purchase of agricultural materials.

Second, financial institutions should optimize their credit structure, direct the al-
location of more credit to weak areas in agricultural production, and prevent the loss
of inefficient projects. For instance, financial institutions should increase credit support
to foster agricultural social service systems, promote and allocate modern agricultural
technology, and construct water conservation infrastructure.

Finally, to address the rural credit de-farming risk, lending institutions should im-
prove their monitoring mechanisms for credit usage by loan applicants to prevent credit
non-farm transfers and create a truly efficient transformation of rural credit into agricul-
tural investments. In addition, the government should improve the security system in
rural areas in terms of livelihood and medical care, increase financial investment in rural
education, and reduce the crowding out of credit funds for agricultural production by other
economic activities.

6. Conclusions

Under the pressures of limited cultivated land resources and insufficient capital for
agricultural production, improving the effective supply of agricultural capital is essential
to improving CLUE. This study theoretically clarified the impact of access to rural credit on
improving CLUE and its mechanism. We empirically tested a micro-sample of 1330 farm
households from a survey of 10 provinces in China conducted by the CRRS in 2020 and
further investigated whether RCAM affected CLUE.

The average value of CLUE was 0.661, which indicated room for improvement com-
pared to Japan which also has a large population but limited land. CLUE exhibited
significant regional differences.

Second, CLUE could be improved by access to rural credit. The analysis of the
mechanisms found that rural credit changed the investment in production factors by
farmers and improved CLUE by expanding farmland size and applying land-saving and
labor-saving technologies.

Third, the impact of rural credit on CLUE varied according to differences in the
credit allocation mode. Compared to farmers’ non-farming allocation, credit applied to
agricultural production factors had a more significant effect on CLUE.
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1 The map came from the Ministry of Natural Resources of the People’s Republic of China in 2019.
2 The data came from the statistical information of the Ministry of Agriculture, Forestry and Fisheries of Japan in 2021. https:
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