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Abstract: Promoting the reduction of chemical fertilizers is an important measure to promote the
green and sustainable development of agriculture. Farmland transfer is a new way to minimize
the need of chemical fertilizers. However, there is debate over this causality. This paper examines
the relationship between farmland transfer and chemical fertilizer reduction. After the theoretical
analysis, based on the data of 442 corn farmers in Heilongjiang Province, the study employed the
endogenous switching probit model to empirically test the effect of farmland transfer on the reduction
of chemical fertilizer. The study finds that in the survey area, the overall actual chemical fertilizer
application rate was 12.12 kg/mu higher than the economic optimal application rate, which had more
room for chemical fertilizer reduction. Moreover, farmland transfer-in reduced the chemical fertilizer
application during corn production. If farmland transfer-in farmers decided not to transfer into the
farmland, the chemical fertilizer reduction treatment effect would decrease, while it would increase
if farmland non-transfer-in farmers decided to transfer into the farmland. Finally, the chemical
fertilizer reduction treatment effect would decrease if farmers who had transferred into farmland
concentratedly chose to transfer into farmland dispersedly, while it would increase if farmers who
had transferred into farmland dispersedly chose to transfer into farmland concentratedly. These
findings can provide experience for achieving more effective farmland transfer and chemical fertilizer
reduction.

Keywords: farmland transfer; chemical fertilizer reduction; corn growers; Heilongjiang province

1. Introduction

Chemical fertilizers have long played a significant role in China’s grain production and
agricultural development. However, excessive and inefficient chemical fertilizer application
has also had a severely negative impact on environment [1–4]. Moreover, it should be
noted that China’s chemical fertilizer inputs have entered the stage of diminishing marginal
returns [5] and increased chemical fertilizer application can no longer ensure a sustainable
increase in grain production. Instead, it may result in soil consolidation, acidification,
and water pollution [6–9], endangering food security and the sustainability of agricultural
development [10–12]. Therefore, the Chinese government proposed a “zero growth” action
plan for chemical fertilizers and has already implemented some measures to promote
chemical fertilizer reduction. However, chemical fertilizer reduction is a complex and
long-term process. At present, the intensity of chemical fertilizer application in China still
exceeds the internationally recognized upper limit of environmental safety in chemical
fertilizer application, and the utilization efficiency is much lower than that of developed
countries in Europe and the United States [13–16]. How to continue to encourage chemical
fertilizer reduction in the future to achieve cleaner output is an essential topic that requires
immediate attention for the green and sustainable development of Chinese agriculture.

In fact, the allocation of production elements like chemical fertilizer is an endogenous
reflection of changes in important endowment resources like land, meaning that chemical
fertilizer inputs are inextricably linked to the scale of farmland [17,18]. In recent years, more
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and more academics have conducted extensive discussions on the relationship between
farmland transfer and chemical fertilizer reduction. Most studies have shown that the
expansion of farmland management scale under farmland transfer has a significant negative
correlation with chemical fertilizer application, mainly because farmland transfer helps to
play the scale management effect and effectively reduces the cost of farmers’ acquisition of
“new technology and new knowledge”, which awakens farmers’ ecological consciousness
and motivates them to adopt clean production methods, thereby reducing the use of
chemical fertilizers [19–23]. However, other studies indicate that the increasing scale of
farmland through farmland transfer may push farmers to apply more chemical fertilizer
in pursuit of higher yields [24]. At the same time, the time and management costs, as
well as the moral hazard and adverse selection of hired workers, may lead to an increase
in chemical fertilizer use [25]. That is, large-scale agricultural production may cause
environmental pollution and inefficiency [26–28].

Throughout the studies on farmland transfer and chemical fertilizer reduction, we
found that the total effect of farmland transfer on chemical fertilizer reduction did not form
a consistent conclusion. The reason may be that homogenization treats the connotations of
farmers’ scale operation and plot scale operation. In actuality, the location of the transferred
farmland is different, resulting in different economic scale. In other words, the impact
of applying chemical fertilizer will vary depending on whether the farmland rented is
adjacent to one another. The land was still fragmented as a result of the dispersive transfer,
which makes it challenging to meet the investment threshold for large and medium-
sized machinery and advanced technology. Additionally, the corresponding time and
financial costs are on the rise, which could encourage farmers to apply excessive chemical
fertilizer [29]. Contrarily, if farmers transfer into farmland concentratedly, that will make
the transferred farmland adjacent, increasing both the scale of the operation and the size of
the plots, which in turn increases the economies of scale impact and reduces the need for
chemical fertilizer [30].

Through the above analysis, we found that the spatial difference of farmland transfer
has different effects on fertilizer reduction. Unfortunately, previous studies have mainly
focused on the impacts of farmland transfer scale on fertilizer reduction, we believe that it is
necessary to further explore the internal relationship between farmland transfer and fertil-
izer reduction from the perspective of spatial differences in farmland transfer, especially to
analyze the effect of concentrated transfer of farmland and dispersed transfer of farmland
to fertilizer reduction. Secondly, in terms of research methods, since decisions on farmland
transfer and fertilizer application are often affected by some unobservable factors at the
same time, there may be problems of “simultaneous decision” and “self-selection” that
may cause deviations in estimated results. To overcome this defect, we intentionally correct
the problem by the endogenous switching probit model to obtain more robust estimation
results.

Therefore, in this paper, based on microscopic research, we analyze the impact of
farmland transfer on fertilizer reduction in maize production from both theoretical and
empirical perspectives, and compare the effects of farmland centralized transfer and farm-
land decentralized transfer on fertilizer reduction. The results of this study will provide
empirical evidence on how the government can promote and support the achievement
of more effective farmland transfer and fertilizer reduction, and contribute to green and
sustainable agricultural development globally, especially in developing countries.

The paper is organized as follows. Section 2 theoretically analyzes the mechanism
of the impact of farmland circulation on fertilizer reduction. Section 3 presents the data
sources and econometric methods. Section 4 presents the empirical results and analysis.
Section 5 focuses on discussion. Section 6 presents conclusions and implication.

2. Theoretical Analysis and Hypothesis

The allocation of production factors such as chemical fertilizer is an endogenous re-
flection of changes in key endowment resources, and changes in operation scale and plot
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size induced by farmland transfer will largely affect farmers’ chemical fertilizer input be-
havior [17,18]. However, the relationship between farmland transfer and chemical fertilizer
reduction does not form a consistent conclusion, probably because of the homogeneous
treatment of the connotations of farmers’ scale operation and plot scale operation. In fact,
the different locations of the transferred farmland result in different economies of scale.

Specifically, if the transferred farmland is not adjacent to the farmer’s existing farmland,
it only indicates that the number of plots managed by farmers has increased, but the
size of these plots has not increased [29,30]. Farmland fragmentation akin to that of
traditional small farmers may still occur if there are too many plots or if they are too
far apart from one another. On the one hand, excessively finely fragmented plots will
spatially make it more difficult for large and medium-sized farm machinery to operate,
which in turn will reduce the standardization and specialization of mechanical chemical
fertilizer application operations and will not only make no contribution to improving
chemical fertilizer reduction technology but also incur high time and economic costs. On
the other hand, for some farmers to manage non-adjacent farmland, the demand for labor
will increase, and the resulting moral hazard and supervision costs may also increase
farmers’ motivation to increase chemical fertilizer application. It is difficult for farmers to
change the spatial distribution of farmland in the short term, and they generally readjust
the resource elements they own and reduce high costs such as hired workers, large and
medium-sized machinery and new technologies by increasing the amount of chemical
fertilizers. Therefore, we believe that if farmland transfer fails to eliminate fragmentation,
it will not only exacerbate the loss of production efficiency but also weaken the chemical
fertilizer reduction effect of farmland economy of scale.

If the transferred farmland is adjacent to the farmer’s existing farmland, or if the
transferred farmlands are already adjacent, it can obtain economies of scale on plots by
eliminating ridges, dead ends, and compartment ditches. Firstly, the concentrated transfer
of farmland achieves the operational space and investment threshold for large and medium-
sized machinery and advanced agricultural technology. The deep application method under
advanced technology and large machinery can reduce the amount of chemical fertilizer
and improve the absorption and conversion rate while improving the application standard
and traceability, which is more conducive to the reduction of chemical fertilizer [30–32].
Second, the concentrated transfer of farmland may induce farmers to shift from diversified
cropping patterns to more monoculture and specialized cropping patterns. In terms of
human capital accumulation effects, horizontal specialization can reduce farmers’ time
costs and improve their ability to learn specialized planting techniques, especially their
ability to learn and apply chemical fertilizer reduction and efficiency technologies. In terms
of human capital spillover effects, knowledge, technology, and ability have spillover effects,
and the imitation and diffusion of chemical fertilizer reduction technologies among farmers
also promotes the diffusion and application of chemical fertilizer reduction technologies to
a certain extent [33]. In addition, the concentrated transfer of farmland can reduce the cost
of production materials conversion between plots, reduce the apportionment cost per unit
area, and encourage farmers to purchase productive service items such as mechanization
and chemical fertilizer application. This will further promote the development of the
agricultural socialized service market and the deepening of vertical division of labor,
thereby promoting the application of specialized and precise chemical fertilizer reduction
technology services and enable farmers to obtain the service-scale economy of chemical
fertilizer reduction [34–37].

Accordingly, we have the following hypothesis:

Hypothesis 1. Farmland transfer-in has a positive effect on chemical fertilizer reduction.

Hypothesis 2. Compared with farmland transferred dispersedly, the farmland transferred concen-
tratedly is more helpful for the farmers to reduce the application of chemical fertilizers.
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3. Data and Methods
3.1. Data Collection

Data were gathered during a field survey in Heilongjiang province, China, in 2021.
The research region was chosen for two major reasons. First, Heilongjiang province, a
significant grain-producing region in China, is situated in one of the “three prime maize
belts” of the world. In 2020, Heilongjiang Province accounted for 13.28% and 13.99% of
China’s total maize sown area and production, respectively, significantly contributing to
the country’s food security. However, the high maize yields rely on high levels of fer-
tilizer inputs, posing a serious threat to the quality of the black land and the ecological
environment. After 2015, fertilizer application in Heilongjiang province began to show
a downward trend, probably due to the fertilizer reduction initiative implemented by
the Chinese government. It is noticed that the development of agricultural land transfer
in Heilongjiang Province is rapid, with the proportion of agricultural land transfer and
the scale of continuous agricultural land transfer much higher than the Chinese average
level. Large-scale operation under agricultural land transfer has facilitated Heilongjiang
Province to take the lead in promoting large and medium-sized mechanization, agricul-
tural production services and other agricultural modernization projects. It also provides
good conditions for achieving chemical fertilizer reduction. Thus, Heilongjiang province
provides a very typical example that can provide China and other developing countries
with experience in fertilizer reduction (Figure 1).
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To obtain data, we conducted a field survey of maize farmers in Heilongjiang Province
from June to September 2021 based on a three-stage random sampling method, and the
research process was divided into two phases.

Phase I: Pre-study was launched in June 2021. The research team conducted in-depth
interviews with 15 randomly selected farmers in Acheng District, Harbin City, and made
adjustments to the interview content and specific questions to improve the shortcomings
of the questionnaire on the basis of sorting out the interview content and summarizing
experiences.

Phase II: The formal research was launched from July to September 2021. To guaran-
tee the scientific nature of sample selection, a three-stage random sampling was mainly
adopted, in which five prefecture-level cities were randomly selected in Heilongjiang
province, including Harbin, Qiqihar, Daqing, Jiamusi and Suihua; then, four counties were
randomly selected in each prefecture-level city, and two to three villages were randomly
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selected in each county, and 10 farmers were randomly selected in each village for the
questionnaire survey.

Considering the age and educational differences of farmers, the questionnaires were
conducted in a one-on-one interview mode. In addition, a reward and punishment mecha-
nism was set up to review and select the quality of questionnaires, to ensure the scientific
nature of the questionnaire data. A total of 460 questionnaires were distributed in the sur-
vey. After excluding questionnaires with incomplete or missing data, logical contradictions,
and irregularities, a total of 442 valid questionnaires were finally obtained, with a sampling
efficiency of 96.09%.

3.2. Econometric Methods
3.2.1. Chemical Fertilizer Economic Optimal Application Amount

It is difficult to know whether farmers have reduced the amount of chemical fertilizer
application, because the farmer’s own answer is subjective and arbitrary. Therefore, in
order to more accurately judge whether farmers have reduced fertilizer use, this paper,
based on sorting out the views of the rational smallholder school represented by Schultz,
tries to estimate the economic optimal chemical fertilizer application by farmers, and to
measure whether farmers reduce chemical fertilizer application by comparing the difference
between the economic optimal chemical fertilizer application and the actual chemical
fertilizer application by farmers. Referring to the past research [38–40], we took corn yield
as the dependent variable and chemical fertilizer input, labor input, machinery input and
seed input as independent variables, the C-D production function model was constructed
to estimate the output elasticity of chemical fertilizers. The C-D production function was
set as follows:

ln yield = α0 + β1 ln( f ertilizer) + β2 ln(labor)
+ β3 ln(machine) + β4 ln(seed) + ε

(1)

In the Equation (1), yield denotes the average corn yield per mu of the farmer, fertilizer
denotes the average chemical fertilizer input per mu of the farmer, labor, machine and
seed denote the average input per mu of labor, machinery and seed, α and β denote the
parameters to be estimated, and ε denotes the random error term.

Based on profit maximization theory, it is known that if farmers want to maximize
profit, they should choose a production point where marginal benefit and marginal cost are
equal, at which point the marginal benefit of chemical fertilizer on maize yield is equal to
the ratio of chemical fertilizer price and maize price. As follows:

∂yield
∂ f ertilizer

=
p f ertilizer

pyield
(2)

Meanwhile, based on the chemical fertilizer output elasticity β1 measured in Equation (1),
the marginal return of chemical fertilizer to maize yield is:

∂yield
∂ f ertilizer

= β1 ×
yield

f ertilizer
(3)

Using the profit maximization Equations (2) and (3), the average economic optimal
chemical fertilizer application rate per mu can be obtained (4):

f ertilizeroptimal =
β1 × yield

p f ertilizer/pyield
(4)

3.2.2. Endogenous Switching Probit Model

Since the decision on farmland transfer and the decision on chemical fertilizer ap-
plication are often affected by some unobservable factors at the same time, there may
be problems of “simultaneous decision” and “self-selection”, which may lead to biased
estimation results. In order to overcome this shortcoming, this paper uses the endogenous
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switching probit model to correct this problem. The model measures the average processing
effect by constructing a counterfactual scenario, and then corrects the selection bias caused
by unobservable or observable variables, that is, overcomes the biased estimation problem
caused by the “self-selection” of the sample, so as to obtain a more robust estimation
result [41–43].

Firstly, the influence model of farmers’ decision to transfer into farmland is constructed,
and the decision to transfer into farmland is a binary choice variable. It is assumed that
the potential benefit to be gained from the transfer of farmland by farmer (i) is D∗ia, and the
potential benefits for farmers who have not transferred into farmland is D∗in, and then the
condition for farmers to transfer into farmland is D∗ia − D∗in = D∗i > 0, which means that
farmers can get a higher return if they transfer into farmland. D∗i is the latent variable that
cannot be observed directly. Then, the decision model for whether a farmer transfers into
farmland is:

Di =

(
1, D∗i > 0
0, D∗i ≤ 0

)
(5)

In Equation (5), Di is the farmer’s decision whether to transfer into farmland or not.
When Di = 1, it means that the farmer transferred into farmland, and when Di = 0, it
means that the farmer did not transfer into farmland. Therefore, the following model can
be constructed for the effect of transferring into farmland on farmers’ chemical fertilizer
inputs.

Yi = αiDi +
n

∑
j=1

β jXij + εi (6)

In Equation (6), Yi is the probability of reduced chemical fertilizer application, and
Xij is the specific variables such as personal characteristics, household characteristics and
production and operation characteristics that affect the chemical fertilizer input. αi and βi
are both the coefficient to be estimated. εi is the random error term. Farmland transfer-in
is the result of farmers’ self-selection based on expected return analysis and is influenced
by other factors which may also affect chemical fertilizer application, and thus generate
sample selectivity bias. Therefore, the parameters αi in model (6) can’t accurately reflect
the effect of farmland transfer-in on chemical fertilizer reduction.

We chose the endogenous switching probit model (ESP) to scientifically assess the
impact of farmland transfer on chemical fertilizer reduction while constructing a counter-
factual analytical framework to address issues such as information omissions [44,45].

The ESP model is divided into two stages, the first stage focuses on measuring the
probability of farmers transferring into farmland, and the second stage focuses on construct-
ing a decision equation for farmers to reduce chemical fertilizer. The specific equations are
as follows:

Select Equation (whether farmers will transfer into farmland):

Di = γZi + δIi + µi (7)

Result Equation (1) (treatment group, chemical fertilizer reduction equation for farm-
land transfer-in groups):

Yia = β′aXia + εia (8)

Result Equation (2) (control group, chemical fertilizer reduction equation for farmland
non-transfer-in groups):

Yin = β′nXin + εin (9)

In Equation (7), Di is a binary variable, indicating whether the farmer transfers into
farmland, Zi refers to the influencing factors that affect whether the farmer transfers into
farmland, Ii is the identification variable, which is represented by whether the neighbor
transfers into farmland; µi is the error term, γ and δ indicate the parameter to be estimated;
in Equations (8) and (9), Yia and Yin are the chemical fertilizer reduction behavior of the
farmland transfer-in group and the farmland non-transfer-in group, Xia and Xin are the
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factors that affect farmers’ chemical fertilizer reduction. εia and εin are the error terms. β′a
and β′n indicate the parameter to be estimated.

The estimation results of the ESP model show the probability of chemical fertilizer
reduction by farmers under the true scenario, and further calculate the expected value of
the reduction in chemical fertilizer application by farmers in the counterfactual scenario.
Comparing the two, the average treatment effect of farmland transfer-in on the reduction
of chemical fertilizer application can be obtained.

E[Yia/Di = 1] = β′aXia + σµaλia (10)

E[Yin/Di = 0] = β′nXin + σµnλin (11)

E[Yin/Di = 1] = β′nXia + σµnλia (12)

E[Yia/Di = 0] = β′aXin + σµaλin (13)

Equations (10)–(13) are the probability of chemical fertilizer reduction under the
four scenarios: farmland transfer-in farmers, farmland non-transfer-in farmers, assumed
farmland transfer-in farmers decided not to transfer into farmland, and assumed farmland
non-transfer-in farmers decided to transfer into farmland, and thus estimate the average
treatment effect of farmland transfer-in on the reduction of chemical fertilizer.

Therefore, the average treatment effect (ATT) of farmland transfer-in on the effect of
chemical fertilizer reduction, can be expressed as:

ATTi = E[Yia/Ti = 1]− E[Yin/Ti = 1] =
(

β′a − β′n
)
Xia +

(
σµa − σµn

)
λia (14)

Correspondingly, the average treatment effect (ATU) of farmland non-transfer-in on
the effect of chemical fertilizer reduction, can be expressed as:

ATUi = E[Yia/Ti = 0]− E[Yin/Ti = 0] =
(

β′a − β′n
)
Xin +

(
σµa − σµn

)
λin (15)

In summary, this study used the mean of ATTi and ATUi to measure the average
treatment effect of farmland transfer on chemical fertilizer reduction.

In addition, we applied the endogenous switching probit model, under the coun-
terfactual framework, to further analyze the treatment effects of concentrated and non-
concentrated farmland transfer-in on the reduction of chemical fertilizer. Referring to
the above studies and models, Ai indicates whether the farmland transfer-in is concen-
trated, and whether transferring farmland through land transfer intermediary service
organizations (Ti) was chosen as the identifying variable.

3.3. Variable Description

Dependent variable. “Chemical fertilizer reduction” was used as the dependent variable,
specifically to measure whether farmers reduced chemical fertilizer by comparing the economic
optimal chemical fertilizer application rate with the actual chemical fertilizer application rate,
and the actual chemical fertilizer application rate below the economic optimal chemical fertilizer
application rate was defined as chemical fertilizer reduction. Table 1 shows that the probability
of chemical fertilizer reduction for the surveyed farmers was 0.22.

Independent variable. “Farmland transfer-in” and “farmland concentrated transfer-in”
were used as independent variables. Specifically, the first independent variable is the
behavior of farmers transferring into farmland; the second independent variable is the
behavior of farmers transferring into farmland in a concentrated manner, including farmers
transferring into farmland adjacent to existing farmland, or the transferred-in farmlands
are adjacent to one another. Table 1 shows that the probability of the surveyed farmers
transferring into farmland is 0.56, and the probability of farmland concentrated transfer-in
is 0.20.
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Table 1. Descriptive statistics of variables.

Variables Category Variables Definition Mean S. D

Input and output
variables

Corn yield kg/mu 674.25 82.97

Chemical fertilizer input kg/mu 59.38 13.70

Labor input Workdays/mu 22.05 9.29

Mechanical input Yuan/mu 92.50 22.28

Seed input Yuan/mu 59.96 8.39

Dependent variables Chemical fertilizer reduction Yes = 1, No = 0 0.22 0.41

Independent variables
Farmland transfer-in Yes = 1, No = 0 0.56 0.50

Farmland concentrated transfer-in Yes = 1, No = 0 0.20 0.40

Controlled variables

Age Actual age in 2021 54.08 11.93

Gender Male = 1; Female = 0 0.79 0.41

Education level Years spent in school 7.43 3.29

Risk appetite level Strongly dislike = 1, Strongly
prefer = 7 3.46 1.55

Household income level Total family income (million yuan) 6.80 3.78

Main business of household Agriculture = 1, Other = 0 0.70 0.46

Chemical fertilizer application
technology training Yes = 1, No = 0 0.34 0.48

Farmland size farmland area (mu) 89.13 45.72

Farmland quality Very poor = 1, Very good = 7 4.84 1.36

Identifying variables

Neighbors transfer into farmland Yes = 1, No = 0 0.47 0.50

Transfer into farmland through
intermediaries Yes = 1, No = 0 0.32 0.47

Controlled variable. The chemical fertilizer input behavior of maize growers will
be influenced by other factors besides farmland transfer, and this paper mainly selected
control variables from the following perspectives. In terms of personal characteristics of
production decision-makers, age, gender, education level, and risk appetite level were
selected; in terms of household characteristics, household income level, main business of
household and chemical fertilizer application technology training were selected; in terms of
production and operation characteristics, farmland size and farmland quality were selected.

Identifying variable. The identifying variables should meet the two conditions of
relevance and exogeneity. In this study, whether neighbors transferred into farmland
and whether farmers transferred into farmland through intermediaries were selected as
identifying variables. Among them, whether neighbors transfer into farmland only affects
farmers’ behavior of transferring into farmland but not directly affects chemical fertilizer
input behavior; whether farmers transfer into farmland through intermediaries only affects
whether farmers will transfer into farmland concentratedly but not directly affects chemical
fertilizer input behavior; land transfer intermediary organizations, such as village and
community organizations and other land transfer service agencies, have the ability to collect
information, supervise and coordinate, and are important for matching supply and demand
for farmland transfer. They play an important role in matching supply and demand for
farmland and in the realization of continuous agricultural land transfer. Table 1 shows that
among the surveyed farmers, the average probability of neighbors transferring to farmland
is 0.47, and the probability of transferring farmland through intermediaries is 0.32.
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4. Empirical Results
4.1. Chemical Fertilizer Economic Optimal Application Amount

The results of estimating Equation (1) using Stata software and ordinary least squares
robustness regression are shown in Table 2.

Table 2. C-D production function estimation results.

Variables
Corn Yield

Coefficient Standard Error

Chemical fertilizer input 0.098 ** 0.045
Labor input 0.053 * 0.028

Mechanical input 0.023 ** 0.011
Seed input 0.036 0.031
Constant 6.532 *** 0.303

Observations 442
R2 0.742

Note: ***, **, and * indicate that it is significant at the 1%, 5%, and 10% levels.

According to the Equation (4), the economic optimal chemical fertilizer application
rate of farmers can be calculated, as shown in Table 3. The calculation results show that
the average optimal economic chemical fertilizer application rate of 442 households is
47.25 kg/mu, but the actual application rate is 59.38 kg/mu, and the actual chemical
fertilizer application rate is 12.12 kg/mu higher than the economic optimal application rate
on the whole. According to the analysis of the research results, it can be seen that among
442 farmers, the number of farmers who exceeded the economic optimal chemical fertilizer
application amount was as high as 345, accounting for 78.05% of the total sample, and only
97 farmers did not exceed the economic optimal chemical fertilizer application amount,
accounting for 21.95% of the total sample number. Therefore, it can be seen that most of the
farmers in the survey area have an over-application of chemical fertilizers.

Table 3. Calculation results of economic optimal chemical fertilizer application amount.

Actual Amount of
Chemical Fertilizer

(kg/mu)

Optimal Amount of
Chemical Fertilizer

(kg/mu)

Excessive Amount of
Chemical Fertilizer

(kg/mu)

Percentage of
Farmers Who

Over-Fertilize (%)

59.38 47.25 12.13 78.05

4.2. Impact of Farmland Transfer on Chemical Fertilizer Reduction

The effects of “farmland transfer-in” and “farmland concentrated transfer-in” on
chemical fertilizer reduction separately were studied in this paper.

First, a full-sample regression was performed on 442 farmer households to investigate
the effect of farmland transfer on the reduction of chemical fertilizer. From the estimation
results of the farmland transfer selection model, age, gender, education level, risk appetite
level, main business of household, and farmland size had significant effects on farmers’
decision on farmland transfer. Among them, age had a negative effect on farmland transfer-
in, while gender, education, risk appetite level, main business of household, and farmland
size had a positive effect on farmland transfer-in. From the estimation results of the chemical
fertilizer reduction application outcome equation, age, risk appetite level, household
income level, and chemical fertilizer application technology training had significant effects
on the chemical fertilizer reduction application behavior of farmers. Among them, age and
household income level were negatively correlated with chemical fertilizer reduction, and
risk appetite level and chemical fertilizer application technology training were positively
correlated with chemical fertilizer reduction.

Second, the sample of 248 farmers who transferred into farmland was regressed and
the impact of concentrated farmland transfer-in on the reduction of fertilizer application
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was examined. In terms of the selection equation, age, gender, household income level,
main business of household, and farmland size all had significant effects on whether
farmers concentrated transferred into farmland. Age had a negative effect on the choice
of concentrated transferring into farmland, and gender, household income level, main
business of household, and farmland size had a positive effect on farmland transfer-in
concentration. In terms of the outcome equation, education level, risk appetite level,
and chemical fertilizer application technology training had significant effects on chemical
fertilizer reduction, while age had significant effects on chemical fertilizer reduction for
farmers who transferred into farmland concentratedly. Specifically, age had a negative
effect on the level of chemical fertilizer reduction for farmers who transferred into farmland
concentratedly. Education level, risk appetite level and chemical fertilizer application
technology training had a greater effect on the level of chemical fertilizer application
reduction for farmers who transferred into farmland concentratedly, and a lesser effect for
farmers who didn’t transfer into farmland concentratedly (Table 4).

To further examine the effect of farmland transfer-in on chemical fertilizer reduction,
the endogenous switching probit model was applied to further analyze the level of chemical
fertilizer reduction in a counterfactual framework under four scenarios: farmland transfer-
in farmers, farmland non-transfer-in farmers, assumed farmland transfer-in farmers who
decided not to transfer into farmland, and assumed farmland non-transfer-in farmers who
decided to transfer into farmland. The results are shown in Table 5. Farmland transfer has
a significant positive treatment effect on chemical fertilizer reduction.

The results of ATT estimation showed that if farmland transfer-in farmers decide not to
transfer into farmland, the chemical fertilizer reduction level would be reduced by 18.644%.
The ATU estimation showed that if farmland non-transfer-in farmers decide to transfer into
farmland, the chemical fertilizer reduction level would be increased by 26.519%. Therefore,
farmland transfer-in can significantly increase the level of chemical fertilizer reduction.

Similarly, we applied the endogenous switching probit model, under the counter-
factual framework, to further analyze the treatment effects of concentrated and non-
concentrated farmland transfer-in on the reduction of chemical fertilizer. Table 6 shows
the fertilizer reduction application levels under four scenarios: farmland concentrated
transfer-in farmers, farmland non-concentrated transfer-in farmers, assumed farmland
concentrated transfer-in farmers who decided not to transfer into farmland concentratedly,
and assumed farmland non-concentrated transfer-in farmers who decided to transfer into
farmland concentratedly.

We discovered that if farmland concentrated transfer-in farmers decide not to transfer
into farmland concentratedly, the chemical fertilizer reduction treatment effect would be
reduced by 18.790%. In addition, if farmland non-concentrated transfer-in farmers decide
to transfer into farmland concentratedly, the treatment effect would increase by 18.487%. It
can be seen that concentrated farmland transfer-in has a significant promoting effect on the
reduction of chemical fertilizer.
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Table 4. Determinants of farmland transfer and chemical fertilizer reduction.

Variables
Select Equation

(Whether to Transfer into
Farmland)

Result Equation
(Whether to Reduce Chemical Fertilizer) Select Equation

(Whether to Transfer into
Farmland Concentratedly)

Result Equation
(Whether to Reduce Chemical Fertilizer)

Farmland Transfer-in Farmland
Non-Transfer-in

Farmland Concentrated
Transfer-in

Farmland
Non-Concentrated

Transfer-in

Age −0.021 ** (0.010) −0.006 ** (0.003) −0.013 ** (0.005) −0.062 * (0.032) −0.023 * (0.014) −0.045 (0.033)
Gender 0.060 * (0.033) 0.038 (0.027) 0.021 (0.016) 0.038 * (0.021) 0.056 (0.038) 0.050 (0.039)

Education level 0.048 * (0.026) 0.073 (0.055) 0.052 (0.035) 0.145 (0.122) 0.083 ** (0.040) 0.041 * (0.022)
Risk appetite level 0.039 ** (0.017) 0.096 * (0.053) 0.074 * (0.040) 0.072 (0.048) 0.034 ** (0.016) 0.029 ** (0.013)

Household income level −0.074 (0.055) −0.019 * (0.011) −0.023 * (0.013) 0.053 ** (0.023) −0.036 (0.030) 0.024 (0.017)
Main business of household 0.035 *** (0.013) −0.162 (0.115) −0.082 (0.064) 0.068 *** (0.025) −0.061 (0.050) −0.032 (0.021)

Chemical fertilizer application technology training 0.008 (0.006) 0.158 ** (0.067) 0.073 *** (0.026) 0.012 (0.009) 0.043 ** (0.019) 0.029 ** (0.013)
Farmland size 0.052 * (0.027) 0.036 (0.024) 0.105 (0.083) 0.051 * (0.027) 0.063 (0.045) 0.103 (0.078)

Farmland quality 0.072 (0.050) 0.372 (0.313) 0.273 (0.226) 0.301 (0.251) 0.141 (0.101) 0.083 (0.068)
Neighbors transfer into farmland/Transfer into farmland

through intermediaries 0.593 *** (0.201) — — 0.487 *** (0.158) — —

Constant −3.826 *** (1.263) 0.376 *** (0.129) 0.269 *** (0.097) −4.632 *** (1.544) 0.438 *** (0.164) 0.386 *** (0.133)
ρ1 −0.736 ** (0.353) −0.703 * (0.405)
ρ0 −0.825 * (0.426) −0.791 * (0.418)

Goodness-of-fit test 253.621 *** 238.631 ***
Log likelihood −753.621 −642.392
Observations 442 248

Note: ***, **, and * indicate significant at the 1%, 5%, and 10% levels.
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Table 5. Estimates of the effect of transferring into farmland on chemical fertilizer reduction.

Result
Variables

Farmer Type and Treatment
Effects

Decision type Average
Treatment

Effect
Change (%)Farmland

Transfer-in
Farmland

Non-Transfer-in

Chemical fertilizer
reduction

Farmland transfer-in (ATT) 0.236 0.192 0.044 18.644
Farmland non-transfer-in

(ATU) 0.229 0.181 0.048 26.519

Table 6. Estimates of the effect of concentrated transferring into farmland on chemical fertilizer
reduction.

Result
Variables

Farmer Type and Treatment
Effects

Decision Type
Average

Treatment
Effect

Change (%)Farmland
Concentrated

Transfer-in

Farmland Non-
Concentrated

Transfer-in

Chemical fertilizer
reduction

Farmland concentrated
transfer-in (ATT) 0.314 0.255 0.059 18.790

Farmland non-concentrated
transfer-in (ATU) 0.282 0.238 0.044 18.487

5. Discussion

Farmland transfer is one of the key ways to promote chemical fertilizer reduction.
Based on the theoretical basis of elucidating the intrinsic linkage between farmland transfer
and chemical fertilizer reduction, the survey data of 442 corn growers in Heilongjiang
Province was used, and the endogenous switching probit model was adopted. Then the
effects of transferring into farmland and concentrated transferring into farmland on the
reduction of chemical fertilizer were quantitatively analyzed.

Our study clearly shows that farmland transfer-in has a positive effect on chemical
fertilizer reduction. This is partly explained by the findings of Ju et al. [19], Zhao et al. [20]
and Hu et al. [21] that increasing the size of farmland will greatly reduce the use of chemical
fertilizers in agricultural production. One possible explanation is that farmland transfer
helps to play the scale management effect and effectively reduces the cost of farmers’
acquisition of “new technology and new knowledge”, which awakens farmers’ ecological
consciousness and motivates them to adopt clean production methods, thereby reducing
the use of chemical fertilizers.

On the other hand, we also found that compared with farmland transferred dispers-
edly, the farmland transferred concentratedly is more helpful for the farmers to reduce the
application of chemical fertilizers. This finding is the same as the study by Liang et al. [29]
and Liang et al. [31]. The possible reason is that the concentrated circulation makes the
transferred farmland adjacent, which can not only expand the scale of operation, but also
expand the scale of the plot, and then realize the effect of economies of scale through hori-
zontal specialization and deepening vertical division of labor to achieve fertilizer reduction.
However, the scattered transfer of agricultural land did not change the size of the plot, and
the plot was still in a finely divided state. The increase in time cost and economic cost may
lead farmers to apply more chemical fertilizers.

In conclusion, farmland transfer can reduce the amount of chemical fertilizers applied
in the process of corn production, but the effect of dispersed transfer to farmland and
concentrated transfer to farmland are different. For farmers who transferred into farmland
in a decentralized form, they spend more time and money managing the fragmented
farmland, which may stimulate them to apply more fertilizers. For the farmers who
transferred into the farmland in a centralized way, the application amount of chemical
fertilizer was reduced by exerting economies of scale.
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The main contributions of this paper are: First, in view of the inconsistent conclusions
of existing studies, the intrinsic association between farmland transfer and chemical fer-
tilizer reduction was re-examined, and furthermore compares and analyzes the effects of
concentrated transfer of farmland and dispersed transfer of farmland to fertilizer reduc-
tion, this provides a new perspective on the fertilizer reduction effect of farmland transfer.
Secondly, since the decision on farmland transfer and the decision on chemical fertilizer
application may be affected by some unobservable factors at the same time, there may be
a problem of “simultaneous decision” and “self-selection”, resulting in biased estimation
results. We solve this problem perfectly by using an endogenous switching probability
model and obtain more robust estimation results.

Finally, it should be pointed out that this research can be further improved upon in the
following two aspects in the future: First, this study mainly focuses on corn growers and
does not study the behavior of farmers who grow other types of crops in the application
of chemical fertilizers in farmland transfer. In view of the differences in the application of
chemical fertilizers between commercial crops and food crops, it is necessary to compare
and analyze commercial and food crops in the future. Secondly, only taking Heilongjiang
Province as the research area, the research results and countermeasures are more applicable
to some major grain producing areas with large scale agricultural operations and high
levels of farmland transfer. As a result, future research must consider the aforementioned
factors in order to conduct more beneficial investigations into issues such as farmland
transfer and fertilizer reduction.

6. Conclusions and Implication

This study estimated the effect of farmland transfer on fertilizer reduction. The results
showed that farmland transfer could reduce fertilizer application in maize production. In
addition, the effects of concentrated transfer to farmland and dispersed transfer to farmland
on fertilizer reduction were further analyzed. It was found that farmland concentrated
transfer-in farmers were more likely to reduce fertilizer application compared with those
who transferred to farmland in a scattered manner.

The results of this study have important implications for more effective realization of
farmland transfer and chemical fertilizer reduction. Based on the above analysis, this paper
proposes the following suggestions. First, the orderly transfer of farmland management
rights should be guided continuously. The government should standardize farmland trans-
fer procedures, increase farmers’ willingness and motivation to participate in farmland
transfer, dispel farmers’ farmland transfer concerns, let farmland transfer drive chemical fer-
tilizer reduction, and promote green and sustainable agricultural development. Second, an
information service platform for farmland transfer should be established to strengthen the
management, guidance and service of farmland transfer, effectively coordinate and commu-
nicate the needs and conflicts of farmland transfer, so as to enhance the effect of farmland
transfer on chemical fertilizer reduction. Third, through comprehensive improvement of
farmland, a favorable external environment for the continuous circulation of farmland and
the reduction of chemical fertilizers should be created by implementing comprehensive
measures such as land leveling, soil improvement and agricultural water conservancy
construction so as to alleviate the problem of natural fragmentation of farmland. Finally,
the scale operation mode should be innovated and improved by means of cooperating
with farmers, guiding the appropriate agglomeration of land and providing social services.
Simultaneously, convenient conditions for fertilizer reduction should be provided through
strengthening the agricultural socialization service system for small farmers, creating a
supportive environment, and promoting the scale of agricultural productive services.
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7. Kliopova, I.; Baranauskaitė-Fedorova, I.; Malinauskienė, M.; Staniškis, J. Possibilities of increasing resource efficiency in nitrogen

fertilizer production. Clean Technol. Environ. Policy 2016, 18, 901–914. [CrossRef]
8. Ghodszad, L.; Reyhanitabar, A.; Maghsoodi, M.R.; Lajayer, B.A.; Chang, S.C. Biochar affects the fate of phosphorus in soil and

water: A critical review. Chemosphere 2021, 283, 131176. [CrossRef] [PubMed]
9. Maghsoodi, M.R.; Ghodszad, L.; Lajayer, B.A. Dilemma of hydroxyapatite nanoparticles as phosphorus fertilizer: Potentials,

challenges and effects on plants. Environ. Technol. Innov. 2020, 19, 100869. [CrossRef]
10. Wu, H.; Ge, Y. Excessive application of fertilizer, agricultural non-point source pollution, and farmers’ policy choice. Sustainablity

2019, 11, 1165. [CrossRef]
11. Nath, R.; Venugopalan, V.K.; Sarath, C.M.A. Smart fertilizers a way ahead for sustainable agriculture. J. Plant Nutr. 2022, 45,

2068–2076. [CrossRef]
12. Rahman, M.; Haque, K.; Khan, M. A review on application of controlled released fertilizers influencing the sustainable agricultural

production: A Cleaner production process. Environ Technol. Innov. 2021, 23, 101697. [CrossRef]
13. Wu, J.; Wen, X.; Qi, X.; Fang, S.; Xu, C. More land, less pollution? How land transfer affects fertilizer application. Int. J. Environ.

Res. Public Health 2021, 18, 11268. [CrossRef]
14. Pan, D.; Kong, F.; Zhang, N.; Ying, R. Knowledge training and the change of fertilizer use intensity: Evidence from wheat farmers

in China. J. Environ. Manag. 2017, 197, 130–139. [CrossRef] [PubMed]
15. Liu, Q. Spatio-temporal changes of fertilization intensity and environmental safety threshold in China. Trans. Chin. Soc. Agric.

Eng. 2017, 33, 214–221. [CrossRef]
16. Abbas, A.; Zhao, C.; Ullah, W.; Ahmad, R.; Waseem, M.; Zhu, J. Towards sustainable farm production system: A case study of

corn farming. Sustainability 2021, 13, 9243. [CrossRef]
17. Hu, L.; Zhang, X.; Zhou, Y. Farm size and fertilizer sustainable use: An empirical study in Jiangsu, China. J. Integr. Agric. 2019, 18,

2898–2909. [CrossRef]
18. Chen, Y.; Fu, X.; Liu, Y. Effect of Farmland Scale on Farmers’ Application Behavior with Organic Fertilizer. Int. J. Environ. Res.

Public Health 2022, 19, 4967. [CrossRef]
19. Ju, X.; Gu, B.; Wu, Y.; Galloway, J.N. Reducing China’s fertilizer use by increasing farm size. Glob. Environ. Chang. 2016, 27, 26–32.

[CrossRef]
20. Zhao, C.; Kong, X.; Qiu, H. Does the expansion of farm size contribute to the reduction of chemical fertilizers?—Empirical

analysis based on 1274 family farms in China. J. Agrotech. Econ. 2021, 40, 110–121. [CrossRef]
21. Hu, X.; Su, K.; Chen, W.; Yao, S.; Zhang, L. Examining the impact of land consolidation titling policy on farmers’ fertiliser use:

Evidence from a quasi-natural experiment in China. Land Use Policy 2021, 38, 105645. [CrossRef]
22. Wang, C.; Duan, J.; Ren, C.; Liu, H.; Reis, S.; Xu, J.; Gu, B. Ammonia Emissions from Croplands Decrease with Farm Size in China.

Environ. Technol. Innov. 2022, 56, 9915–9923. [CrossRef] [PubMed]
23. Liu, Y.; Wang, C.; Tang, Z.; Nan, Z. Does farmland rental contribute to reduction of agrochemical use? A case of grain production

in Gansu Province, China. Sustainability 2019, 11, 2402. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2021.147967
http://www.ncbi.nlm.nih.gov/pubmed/34323815
http://doi.org/10.1016/j.jclepro.2019.02.118
http://doi.org/10.4067/S0718-95162018005001102
http://doi.org/10.1108/CAER-12-2017-0238
http://doi.org/10.16064/j.cnki.cn34-1003/g0.2019.02.003
http://doi.org/10.1007/s42452-021-04521-8
http://doi.org/10.1007/s10098-015-1068-9
http://doi.org/10.1016/j.chemosphere.2021.131176
http://www.ncbi.nlm.nih.gov/pubmed/34144290
http://doi.org/10.1016/j.eti.2020.100869
http://doi.org/10.3390/su11041165
http://doi.org/10.1080/01904167.2022.2046065
http://doi.org/10.1016/j.eti.2021.101697
http://doi.org/10.3390/ijerph182111268
http://doi.org/10.1016/j.jenvman.2017.03.069
http://www.ncbi.nlm.nih.gov/pubmed/28363140
http://doi.org/10.11975/j.issn.1002-6819.2017.06.028
http://doi.org/10.3390/su13169243
http://doi.org/10.1016/S2095-3119(19)62732-2
http://doi.org/10.3390/ijerph19094967
http://doi.org/10.1016/j.gloenvcha.2016.08.005
http://doi.org/10.13246/j.cnki.jae.2021.04.009
http://doi.org/10.1016/j.landusepol.2021.105645
http://doi.org/10.1021/acs.est.2c01061
http://www.ncbi.nlm.nih.gov/pubmed/35621262
http://doi.org/10.3390/su11082402


Sustainability 2022, 14, 11514 15 of 15

24. Tian, Y.; Zhang, J.; He, K.; Feng, J. Farmers’ Behavior of Low-carbon Agricultural Production and Influencing Factors——Taking
fertilizer application and pesticide use as examples. Chin. Rural Surv. 2015, 36, 61–70.

25. Liu, X.; Zhang, D.; Xu, Z. Does grain scale farmers also overuse fertilizer?—Based on the heterogeneity of large-sizeo farmers and
small-sized farmers. J. Agrotech. Econ. 2020, 39, 117–129. [CrossRef]

26. Wiggins, S.; Kirsten, J.; Lambi, L. The future of small farms. World Dev. 2010, 38, 1341–1349. [CrossRef]
27. Knickel, K.; Redman, M.; Darnhofer, I.; Ashkenazy, A.; Calväo Chebach, T.; Sumane, S.; Tisenkopfs, T.; Zemeckis, R.; Atkociuniene,

V.; Rivera, M. Between aspirations and reality: Making farming, food systems and rural areas more resilient, sustainable and
equitable. J. Rural Stud. 2017, 59, 197–210. [CrossRef]

28. Ashkenazy, A.; Chebach, T.C.; Knickel, K.; Peter, S.; Horowitz, B.; Offenbach, R. Operationalising resilience in farms and rural
regions–Findings from fourteen case studies. J. Rural Stud. 2018, 59, 211–221. [CrossRef]

29. Liang, Z.; Zhang, L.; Zhang, J. Land inward transfer, plot scale and chemical fertilizer reduction: An empirical analysis based on
main rice-producing areas in Hubei Province. Chin. Rural Surv. 2020, 41, 73–92.

30. Zhang, L.; Luo, B. Agricultural chemical reduction: The logic and evidence based on farmland operation scale of households.
Chin. Rural Econ. 2020, 36, 81–99.

31. Liang, Z.; Zhang, L.; Zhang, J. Land consolidation and fertilizer reduction: Quasi-natural experimental evidence from China’s
well-facilitated capital farmland construction. Chin. Rural Econ. 2021, 37, 123–144.

32. Zhu, C.; Ouyang, Y.; Diao, Y.; Yu, J.; Luo, X.; Zheng, J.; Li, X. Effects of mechanized deep placement of nitrogen fertilizer rate and
type on rice yield and nitrogen use efficiency in Chuanxi Plain, China. J. Integr. Agric. 2021, 20, 581–592. [CrossRef]

33. Adnan, N.; Nordin, S.M.; Rahman, I.; Noor, A. The effects of knowledge transfer on farmers decision making toward sustainable
agriculture practices in view of green fertilizer technology. World J. Sci. Technol. 2018, 15, 98–115. [CrossRef]

34. Liang, Z.; Zhang, L.; Liu, Y.; Zhang, J. Is the agricultural division of labor conducive to the reduction of fertilizer input? Empirical
evidence from rice production households in the Jianghan Plain. Chin. Popul. Resour. Environ. 2020, 30, 150–159.

35. Emmanuel, D.; Owusu-Sekyere, E.; Jordaan, H.; Owusu, V. Impact of agricultural extension service on adoption of chemical
fertilizer: Implications for rice productivity and development in Ghana. NJAS-Wagen. J. Life Sci. 2016, 79, 41–49. [CrossRef]

36. Cai, B.; Shi, F.; Huang, Y.; Abatechanie, M. The impact of agricultural socialized services to promote the farmland scale
management behavior of smallholder farmers: Empirical evidence from the rice-growing region of Southern China. Sustainability
2022, 14, 316. [CrossRef]

37. Rahman, M.; Connor, J. Impact of agricultural extension services on fertilizer use and farmers’ welfare: Evidence from Bangladesh.
Sustainability 2022, 14, 9385. [CrossRef]

38. Qiu, H.; Luan, H.; Li, J.; Wang, Y. The impacts of risk aversion on farmer’s households’ behaviour of overusing chemical fertilizers.
Chin. Rural Econ. 2014, 30, 85–96.

39. Wu, H.; Hao, H.; Lei, H.; Ge, Y.; Shi, H. Farm size, risk aversion and overuse of fertilizer: The heterogeneity of large-scale and
small-scale wheat farmers in Northern China. Land 2021, 10, 111. [CrossRef]

40. Khan, S.; Khan, M.; Jan, I.; Khan, M.; Khan, F.M. Determinants of Sugarcane Yield in District Charsadda, Pakistan. Sarhad J. Agric.
2020, 36, 1141–1148. [CrossRef]

41. Nkegbe, P.K.; Araar, A.; Abu, B.M.; Alhassan, H.; Ustarz, Y.; Setsoafia, E.D.; Abdul-Wahab, S. Nonfarm activity and market
participation by farmers in Ghana. Agric. Food Econ. 2022, 10, 1–23. [CrossRef]

42. Haile, K.K.; Nillesen, E.; Tirivayi, N. Impact of Formal Climate Risk Transfer Mechanisms on Risk-Aversion: Empirical Evidence
from Rural Ethiopia. World Dev. 2019, 130, 104930. [CrossRef]

43. Issahaku, G.; Abdul-Rahaman, A. Sustainable land management practices, off-farm work participation and vulnerability among
farmers in Ghana: Is there a nexus? Int. Soil Water Conserv. Res. 2018, 7, 18–26. [CrossRef]

44. Gondwe, T.; Tegbaru, A.; Oladeji, A.E.; Khonje, M.; Manda, J.; Gaya, H. Correlates and consequences of women’s participation in
the cowpea value chain in eastern Zambia. Arekon 2017, 56, 263–273. [CrossRef]

45. Hao, J.H.; Bijman, J.; Gardebroek, C.; Heerink, N.; Heijman, W.; Huo, X.X. Cooperative membership and farmers’ choice of
marketing channels–Evidence from apple farmers in Shaanxi and Shandong Provinces, China. Food Policy 2018, 74, 53–64.
[CrossRef]

http://doi.org/10.13246/j.cnki.jae.2020.09.007
http://doi.org/10.1016/j.worlddev.2009.06.013
http://doi.org/10.1016/j.jrurstud.2017.04.012
http://doi.org/10.1016/j.jrurstud.2017.07.008
http://doi.org/10.1016/S2095-3119(20)63456-6
http://doi.org/10.1108/WJSTSD-11-2016-0062
http://doi.org/10.1016/j.njas.2016.10.002
http://doi.org/10.3390/su14010316
http://doi.org/10.3390/su14159385
http://doi.org/10.3390/land10020111
http://doi.org/10.17582/journal.sja/2020/36.4.1141.1148
http://doi.org/10.1186/s40100-022-00210-1
http://doi.org/10.1016/j.worlddev.2020.104930
http://doi.org/10.1016/j.iswcr.2018.10.002
http://doi.org/10.1080/03031853.2017.1317643
http://doi.org/10.1016/j.foodpol.2017.11.004

	Introduction 
	Theoretical Analysis and Hypothesis 
	Data and Methods 
	Data Collection 
	Econometric Methods 
	Chemical Fertilizer Economic Optimal Application Amount 
	Endogenous Switching Probit Model 

	Variable Description 

	Empirical Results 
	Chemical Fertilizer Economic Optimal Application Amount 
	Impact of Farmland Transfer on Chemical Fertilizer Reduction 

	Discussion 
	Conclusions and Implication 
	References

