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Abstract: The adoption of organic fertilizers is essential for advancing China’s green agricultural
transformation, ensuring food security, and supporting agricultural adaptations. However, several
challenges hinder its widespread use in rural areas. This study examines how part-time farming and
agricultural service provision influences organic fertilizer use, employing fixed and random effects
models on data from 523 households in Shaanxi Province, one of China’s main apple-producing
regions. The results reveal: (1) Part-time farming reduces organic fertilizer use by 7.6%, primarily
due to labor shortages; (2) Higher non-farm income exacerbates this decline, particularly for Type
II part-time farmers; and (3) Mechanized fertilization services help mitigate this reduction. These
findings offer valuable policy insights for promoting organic fertilizer adoption in the context of
shifting rural labor dynamics and highlight the complex interactions between farming practices and
labor migration in the broader trajectory of organic fertilizer use. Moreover, this study highlights
the role of organic fertilizer use in enhancing food security while also helping to reduce the carbon
footprint of the crop sector in China.

Keywords: part-time farming; organic fertilizer; agricultural socialized services; labor migration;
food security; agricultural adaptations

1. Introduction

Excessive chemical fertilizer use has long been a critical issue in China’s agriculture [1],
compromising production efficiency and causing widespread environmental pollution [2].
This poses substantial risks to food safety [3,4]. In the 1970s, China imported fertilizer
production equipment from the Soviet Union, the Netherlands, and the United Kingdom,
leading to a sharp increase in chemical fertilizer use. Fertilizer application rates rose from
under 50 kg per hectare in 1970 to about 100 kg per hectare by 1979. By the 1980s, China
had become the world’s largest fertilizer consumer [5]. With rapid agricultural growth,
China’s fertilizer usage surpassed international environmental safety thresholds in the
1990s. Data from the National Bureau of Statistics of China indicate that, since 1994, the total
application of nitrogen (N), phosphorus (P), and potassium (K) fertilizers in agriculture has
consistently surpassed 225 kg per hectare. This usage reached a peak of 363 kg per hectare
in 2014 and was recorded at 299 kg per hectare in 2022 (Figure 1).

Thus, we are challenged by increasing fertilizer use, making the development of
strategies for sustainable agriculture essential [6,7]. Organic fertilizers, as an eco-friendly
option, contribute significantly to environmental sustainability and enhanced agricultural
productivity. They supply crops with abundant nutrients, particularly the organic matter
essential for soil microorganisms, which helps improve soil fertility and crop yields. Unlike
chemical fertilizers, organic fertilizers provide a steady, ongoing supply of nutrients that
support continuous crop growth. Additionally, organic fertilizers improve soil structure,
enhance water and nutrient retention, and help prevent soil erosion and compaction. By
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using natural substances, organic fertilizers also reduce environmental pollution, mitigating
water contamination and soil degradation associated with excessive chemical fertilizers,
thereby promoting sustainable agricultural development [8–10].
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Figure 1. Fertilizer Application Intensity in Chinese Agriculture from 1990 to 2022. National Bureau
of Statistics of China.

In 2015, the Chinese government introduced the ‘Zero Growth in Fertilizer Use’ policy,
accompanied by a range of initiatives. Among these, organic fertilizer substitution has been
identified as a sustainable long-term strategy for reducing chemical fertilizer application
and has been featured in the No. 1 Central Document for several consecutive years. How-
ever, their adoption in China remains limited, and significant challenges hinder widespread
use [11]. Research indicates that China’s organic fertilizer utilization rate is only around
20%, compared to over 50% in most developed nations [12]. A survey of large-scale grain
producers in Anhui Province revealed that organic fertilizers were applied to only 22% of
the total cultivated area [13]. Similarly, a study in Hubei Province found that nearly 70% of
farmers used organic fertilizers on less than 30% of their crops [14]. In Shaanxi Province, a
major apple-producing region, this study finds organic fertilizer application rates below
1398 kg per acre, an absolute contrast to levels seen in modern agricultural countries like
the Netherlands and the United States.

The limited use of organic fertilizers in China may be linked to the large-scale migra-
tion of rural labor to non-farm sectors. Since the reform and opening-up period, China has
eased restrictions on labor mobility, and rapid urbanization has drawn substantial numbers
of rural workers away from agriculture. This shift has created a labor redistribution within
the agricultural sector, leading to a rise in ‘part-time farmers,’ who divide their time be-
tween farm and non-farm work. As a result, rural household income levels and structures
have shifted, profoundly affecting agricultural production practices and the allocation of
resources. On the one hand, labor migration reduces surplus agricultural labor, diversifies
household income, and enhances the capacity for investment in farming activities [15–17].
On the other hand, studies suggest that migration has led to labor shortages in agriculture,
particularly impacting labor-intensive inputs [18–20].

Research on the impact of rural labor migration to non-farm sectors on organic fer-
tilizer use remains limited, with no consensus in the academic community. Some studies
suggest that farmers’ engagement in non-farm work can hinder eco-friendly agricultural
practices [21,22] and reduce the application of organic fertilizers [23]. An empirical study
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from Iowa and Missouri, USA, also found that higher non-farm income correlates with
a lower likelihood of using organic fertilizers [24]. Conversely, other research shows the
opposite: higher non-farm income is associated with greater organic fertilizer use [25,26].
A study in semi-arid regions of West Africa indicated that part-time farming increases the
likelihood of organic fertilizer application [27]. These findings provide a foundational basis
for analyzing the relationship between non-farm labor participation and organic fertilizer
use in this study.

Agricultural socialized services in China have helped mitigate some of the effects
of rural labor migration to non-farm sectors. These services emerged in response to the
complex challenges of labor shortages, outdated farming practices, and resource constraints
faced by smallholder farmers. Offering technical support, machinery access, a variety of
improvements, and agency sales, agricultural socialized services shift production from
individual farms to a specialized division of labor across the entire industry. This special-
ized approach enables stakeholders to leverage their expertise, easing farmers’ resource
limitations in accessing inputs [28]. As rural labor migrates to non-farm sectors, these
services can play a crucial intervening role.

Using household data from four major apple-producing counties in Shaanxi, China,
this study examines the impact of part-time farming on organic fertilizer use. The research
has three objectives: (1) to clarify the mechanisms by which non-farm labor participation
influences organic fertilizer application; (2) to differentiate between the ‘push’ and ‘pull’
effects, identifying the varying impacts of different levels of non-farm labor participation;
and (3) to assess the moderating role of agricultural socialized services.

This study makes two key contributions. First, it develops a theoretical framework to
analyze farmers’ organic fertilizer use from the perspective of non-farm labor migration,
incorporating the moderating influence of agricultural socialized services. This frame-
work provides insights into farmers’ decision-making processes regarding resource allo-
cation, enriching the understanding of farmer behavior. Second, in the context of China’s
‘zero growth in fertilizer use’ policy and rural labor migration, this study investigates
organic fertilizer application behavior, offering policy recommendations for sustainable
agricultural development in China and other developing countries transitioning towards
greener practices.

2. Theoretical Analysis

Assuming rational economic behavior, farmers’ decisions to use organic fertilizers are
driven by profit maximization. Given household labor and capital constraints, farmers’
participation in non-farm labor reallocates resources between agriculture and non-farm
sectors [29]. This reallocation impacts net returns from both sectors, leading farmers to
assess the combined benefits of labor and capital investments when determining whether
to apply organic fertilizers.

This study proposes that part-time farming influences organic fertilizer use in two
ways (Figure 2). On the one hand, non-farm labor participation boosts non-farm income,
easing household liquidity constraints and creating an income-driven ‘pull’ effect that
encourages organic fertilizer use. On the other hand, reduced agricultural labor input
generates a labor loss effect, resulting in a ‘push’ effect that may discourage its application.
This framework helps understand how income and labor loss affect the adoption of organic
fertilizers among farmers.
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2.1. Income Effect

Research shows that part-time farmers engaged in both agriculture and non-farm work
often face significant constraints related to operating scale and limited capital [30]. Rising
costs of agricultural inputs, long investment return cycles, and restricted access to credit
tighten liquidity constraints, limiting their ability to invest in agricultural production [31].
Organic fertilizers, which are rich in organic matter and beneficial microorganisms, are
crucial for improving crop quality [32]. However, their higher unit price and slow-release
nature [33–36], coupled with rising input costs, can deter farmers from using them, particu-
larly when short-term returns are low.

Part-time non-farm work provides wage income that directly increases household cash
flow, enhancing farmers’ capacity to invest in organic fertilizers and balancing short-term con-
sumption with agricultural investments. Moreover, non-farm income strengthens household
wealth and repayment capacity, facilitating access to formal credit channels [37,38]. Based on
this, this study posits the following hypothesis:

H1. Part-time farming generates an income effect that positively impacts the application of
organic fertilizers.

2.2. Labor Loss Effect

Some studies have shown that part-time farming can lead to a decline in agricultural in-
vestment [20,39]. In this study, organic fertilizer is considered a labor-intensive production
factor, with relatively high labor costs associated with its application process [40,41]. With
limited household labor availability, part-time farming is likely to reduce the use of organic
fertilizers. On one hand, as household labor shifts to non-farm sectors, the opportunity cost
of agricultural labor increases, prompting farmers to focus more on non-farm activities.
This shift leads to a gradual reduction in agricultural inputs, particularly in labor-intensive
production factors like organic fertilizers. On the other hand, as the opportunity cost of
labor rises, the relative returns on other factors decrease, prompting farmers to adjust
the input structure of production factors to stabilize output. For example, farmers might
replace organic fertilizers with chemical fertilizers that have similar functions but require
less labor, thereby alleviating labor shortages. Both aspects reflect extensive management
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practices caused by reduced agricultural labor supply, which negatively impacts farmers’
use of organic fertilizers. Based on this, this study proposes Hypothesis 2.

H2. Part-time farming causes a labor loss effect, which negatively affects organic fertilizer application.

2.3. Total Effect

Based on the assumption of rational economic behavior, farmers’ decisions to apply
organic fertilizers follow the principle of profit maximization. In this study, farmers’ income
consists of wage income and net agricultural production income. If household labor and
capital were not constrained, part-time farming would be considered to have no impact
on the application of organic fertilizers. However, household labor and capital are limited,
and with the large-scale migration of rural labor to non-farm sectors, the opportunity cost
of agricultural labor continues to rise, becoming increasingly expensive. Conversely, the
relative returns on other production factor inputs decrease, making the opportunity cost
of applying organic fertilizers potentially much higher than the benefits they generate.
Moreover, organic fertilizers are slow-acting and provide limited short-term returns. As a
result, the income effect generated by part-time farming is relatively weak, while the labor
loss effect outweighs the income effect. Furthermore, as the extent of farmers’ part-time
farming deepens, the gap between the income effect and the labor loss effect widens further.
Based on this, this study proposes Hypothesis 3 and Hypothesis 4.

H3. The labor loss effect outweighs the income effect and inhibits organic fertilizer application.

H4. Higher non-farm income reduces the likelihood of applying organic fertilizers.

2.4. Intervention of Agricultural Socialized Services

Agricultural socialized services are an important means of promoting the organic
integration of smallholder farmers with modern agriculture. They play a positive role in
alleviating resource constraints faced by farmers [42] and promoting the green transforma-
tion of agriculture [43]. Studies have shown that agricultural socialized services introduce
advanced production factors, such as modern technology and new agricultural machinery,
into the agricultural production process and establish standardized technical guidelines.
This helps address the shortcomings of smallholder farmers in terms of labor quantity
and quality and improves the extensive management practices of traditional agricultural
production [44,45]. Therefore, from the perspective of factor substitution, machinery and
technical guidance services related to fertilization have a significant substitutive effect on
agricultural labor. The loss of agricultural labor caused by farmers’ participation in part-
time farming can be compensated by agricultural socialized services, such as machinery
and technical support. Based on this, this study proposes Hypothesis 5.

H5. Agricultural socialized services can reduce the negative impact of part-time farming on organic
fertilizer application.

3. Data and Methods
3.1. Data

This study selected Shaanxi Province, one of China’s main apple-producing regions,
as the research area. A survey was conducted with 523 apple farming households across
12 towns and 54 villages in Pucheng County, Luochuan County, Yanchuan County, and
Huangling County. The survey collected data on the farmers’ production and management
conditions from 2017 to 2019, including individual characteristics, household demographics
and income, and the input of production factors such as organic fertilizers. During data
cleaning, some outliers were removed, resulting in a three-year panel dataset comprising
523 households and 1569 valid samples.



Land 2024, 13, 1900 6 of 16

3.2. Variable Description

This study examines the impact of part-time farming on the likelihood of organic
fertilizer application. In our study, the focus is on whether farmers use organic fertilizers as
a production behavior, so we follow the approach in prior research [12,13]; the dependent
variable is defined as “organic fertilizer application”. Farmers who apply organic fertilizers
are assigned a value of 1, while those who do not are assigned a value of 0. Drawing on
existing literature, this study uses “whether part-time farming is practiced” to indicate
farmers’ participation in non-farm labor. Farmers with a non-farm income proportion
exceeding 5% are assigned a value of 1, while those with a non-farm income proportion of
5% or less are assigned a value of 0 [46–48].

This study controls for influencing factors across four levels. First, at the individ-
ual farmer level, variables include age, gender, years of education, village cadre status,
Communist Party membership, and knowledge of organic fertilizers and related policies
on chemical and organic fertilizers. Second, at the household level, variables include the
number of household laborers, per capita income, and debt status. Third, at the agricultural
production level, variables include farm size, NPK fertilizer input costs, the number of
fertilization training sessions attended, agricultural insurance purchase status, and whether
subsidies were received for purchasing fertilization machinery. Fourth, dummy variables
are used to control for county-level regional effects. Table 1 presents the definitions and
descriptive statistics of the variables.

Table 1. Variable description and summary statistics (n = 523).

Variable Definition Mean SD Min Max

Orgfertilizer Whether organic fertilizers are applied
(1 = Yes; 0 = No) 0.734 0.251 0 1

Part-time Whether part-time farming is practiced
(1 = Yes; 0 = No) 0.364 0.481 0 1

Age Years old 53.258 8.922 27 77
Gender 1 = Male; 0 = Female 0.946 0.225 0 1
Education Years of education 7.822 3.247 0 15

Villcadre Village cadre status
(1 = Yes; 0 = No) 0.108 0.311 0 1

Commparty Communist Party membership
(1 = Yes; 0 = No) 0.182 0.386 0 1

Knoworg Knowledge of organic fertilizers
(1 = High; 0 = Low) 0.948 0.221 0 1

Knowpolicy Knowledge of policies on fertilizers
(1 = High; 0 = Low) 0.367 0.482 0 1

Labor The number of household laborers 3.74 1.641 1 6

Perincome Per capita income
(10,000 CNY) 1.299 1.625 0.122 29.3

Debt Whether the household is in debt
(1 = Yes; 0 = No) 0.528 0.499 0 1

Farmscale Farm size
(Chinese acre) 12.301 16.916 2 290

NPK_cost The cost of NPK
(Ten thousand CNY/Chinese acre) 0.045 0.124 0 1.524

Train Times of fertilization training attended 1.096 1.816 0 20

Insurance Whether to purchase agricultural insurance
(1 = Yes; 0 = No) 0.489 0.5 0 1

Machsubsity subsidy for purchasing organic fertilizer application machinery
(1 = Yes; 0 = No) 0.208 0.406 0 1

Region 1 = Pucheng County; 2 = Yanchuan County; 3 = Luochuan County;
4 = Huangling County 2.491 1.133 1 4
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3.3. Econometric Model

Based on three-year panel data, this study employs random effects and fixed effects
models to empirically test the impact of part-time farming on the application of organic
fertilizers. The econometric model is expressed as follows:

Orgfertilizerit = α0 + α1Part-timeit + βXit + εit (1)

Orgfertilizerit = α0 + α1Part-timeit + βXit + ui + λt + εit (2)

Expression (1) represents the random effects model, and Expression (2) represents
the fixed effects model. i denotes the individual, t denotes the observation time, and Xit
represents the control variables. ui represents individual fixed effects, λt represents time
fixed effects, and εit represents the random error term. In the empirical analysis, this study
primarily employs the Logit model for regression analysis.

In panel data analysis, endogeneity is a core issue. Endogeneity can arise from
omitted variables, measurement errors, or reverse causality. To address these issues,
fixed effects models and random effects models have different roles and approaches in
mitigating endogeneity.

3.3.1. Fixed Effects Model

The fixed effects model mitigates the endogeneity problem by eliminating unobserved
individual heterogeneity (those individual characteristics that do not change over time, such
as personality, ability, talent, etc.). The fixed effects model assumes that these individual
characteristics can be absorbed by the individual intercepts, thus controlling their influence
on the dependent variable. The formula for the fixed effects model is as follows:

yit = α0 + βXit + ui + εit (3)

where yit is the dependent variable for individual i at time t. ui is the individual fixed
effect, representing the unobservable time-invariant characteristics of individual i. The
fixed effects model assumes that these time-invariant characteristics are correlated with the
explanatory variables Xit, that is:

E(ui|Xit ) ̸= 0 (4)

The fixed effects model eliminates unobserved individual heterogeneity through a
“demeaning” process. Specifically, this is conducted as follows:

yit − yi = β(Xit − Xi) + (εit − εi) (5)

By subtracting the time averages, the individual fixed effects ui are eliminated, thereby
reducing bias from unobserved individual characteristics.

Therefore, the fixed effects model mitigates endogeneity in two ways. First, it controls
for unobserved individual heterogeneity by eliminating the influence of those individual
characteristics that do not vary over time. Second, it excludes the impact of time-invariant
explanatory variables, such as gender or race. However, it also has some limitations. First,
if the explanatory variables show little variation within individuals (i.e., small variation
over time), the estimation results of the fixed effects model may be less precise, as the model
relies on this variation for estimation. Second, the fixed effects model can only eliminate
time-invariant individual heterogeneity and cannot address endogeneity problems that
vary over time. To address this second limitation, a two-way fixed effects approach can be
adopted, which controls for unobserved factors that change over time. The formula for the
two-way fixed effects model is as follows:
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yit = α0 + βXit + ui + λt + εit (6)

where λt represents the unobserved factors that vary over time and are common to all
individuals, such as the effects of macroeconomic factors, policy changes, or other external
influences that affect all individuals in the dataset similarly over time.

3.3.2. Random Effects Model

The random effects model assumes that ui is random and uncorrelated with the
explanatory variables Xit. In other words, in the random effects model, individual hetero-
geneity is considered random and can be treated as part of the error term.

The assumptions and formula for the random effects model are as follows:

E(ui|Xit ) = 0 (7)

yit = α0 + βXit + εit (8)

The random effects model typically cannot effectively address endogeneity issues. This
is because one of the core assumptions of the random effects model is that the individual
effects (i.e., unobserved individual characteristics) are uncorrelated with the explanatory
variables. If this assumption does not hold, meaning there is a correlation between in-
dividual effects and the explanatory variables, then endogeneity problems will lead to
biased estimation results. However, the random effects model can estimate the impact of
observable factors that do not change over time, such as gender, race, etc.

Therefore, this study uses both models. First, we assume that the time-invariant
unobservable factors of the farmers are unrelated to part-time farming and evaluate the
estimation results. Then, we apply the fixed effects model to control for factors such as the
farmers’ personality and ability and estimate the coefficients of the fixed effects model.

4. Empirical Results
4.1. Analysis of Total Effect

This study employs both random effects and fixed effects models to examine the
overall impact of part-time farming on the application of organic fertilizers. In the random
effects model, Column (5) of Table 2 shows that, after controlling for individual, household,
production, regional, and year-specific factors, part-time farming significantly reduces
the likelihood of applying organic fertilizers. The sigma_u value is 2.995, indicating con-
siderable variability between individual farmers. The rho value is 0.732, suggesting that
individual differences account for 73% of the total variance, highlighting strong heterogene-
ity among farmers. Some unobservable individual factors remain insufficiently controlled,
which may affect the credibility of the random effects model results. For example, a
farmer’s personal ability can influence both the decision to engage in off-farm work and
the decision to apply organic fertilizer. Farmers with greater ability are more likely to take
advantage of opportunities for non-agricultural employment to increase their income, and
at the same time, they may apply more organic fertilizer due to their more advanced man-
agement concepts. In the random effects model, however, these unobservable individual
differences cannot be controlled, which can result in biased estimated coefficients. Among
other control variables, farmers’ awareness of organic fertilizer significantly promotes its
use, indicating that the more knowledge a farmer has about organic fertilizer, the more
incentivized they are to invest in it. Additionally, household labor and income positively
impact the application of organic fertilizer, suggesting that its use is constrained by labor
and capital availability.
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Table 2. Total Effects: Random Effects Model.

Orgfertilizer (1) (2) (3) (4) (5)

Part-time −0.053 ***
(0.013)

−0.057 ***
(0.014)

−0.048 ***
(0.013)

−0.047 ***
(0.013)

−0.051 ***
(0.014)

Age −0.001
(0.001)

−0.001
(0.001)

−0.001
(0.001)

−0.001
(0.001)

Gender 0.029
(0.033)

0.035
(0.032)

0.035
(0.033)

0.028
(0.033)

Education 0.004
(0.003)

0.002
(0.002)

0.002
(0.003)

0.002
(0.003)

Villcadre −0.019
(0.024)

−0.020
(0.023)

−0.024
(0.024)

−0.022
(0.024)

Commparty −0.006
(0.022)

−0.005
(0.022)

−0.007
(0.022)

−0.010
(0.022)

Knoworg 0.128 ***
(0.026)

0.132 ***
(0.026)

0.130 ***
(0.026)

0.126 ***
(0.026)

Knowpolicy 0.033 *
(0.019)

0.030
(0.019)

0.029
(0.020)

0.029
(0.020)

Labor 0.010 *
(0.005)

0.011 **
(0.005)

0.010 *
(0.005)

Perincome 0.011 *
(0.006)

0.011 *
(0.006)

0.011 *
(0.006)

Debt 0.007
(0.016)

0.008
(0.017)

0.004
(0.016)

Farmscale −0.001
(0.001)

−0.001
(0.001)

NPK_cost −0.043
(0.051)

−0.051
(0.051)

Train 0.003
(0.006)

0.001
(0.005)

Insurance 0.007
(0.017)

0.015
(0.018)

Machsubsity 0.017
(0.023)

0.022
(0.023)

Region_Yanchuan 0.005
(0.022)

Region_Luochuan 0.058
(0.039)

Region_Huangling 0.019
(0.025)

Constant 5.971 ***
(0.604)

2.748
(2.167)

0.209
(2.306)

0.244
(2.369)

−0.556
(2.404)

Time fixed effects Yes Yes Yes Yes Yes
sigma_u 3.296 3.125 3.013 3.067 2.995
rho 0.768 0.748 0.734 0.741 0.732
Observations 1569 1569 1569 1569 1569

Note: (i) Except for the intercept term, values reported are marginal effects (dy/dx). (ii) Standard errors are shown
in parentheses. (iii) * p < 0.1, ** p < 0.05, *** p < 0.01.

In Table 3, this study employs a fixed effects model to address potential endogeneity
issues. The findings indicate that, after controlling for unobservable factors at the regional,
individual, and time levels, part-time farming significantly reduces the likelihood of apply-
ing organic fertilizers at the 1% significance level. Compared to those solely engaged in
agricultural production, farmers involved in part-time farming have a 7.6% lower proba-
bility of applying organic fertilizers. The results from both the fixed effects and random
effects models are consistent with previous findings [23], supporting Hypothesis 3. It can
be seen that, compared to the random effects model, the fixed effects model eliminates the
influence of time-invariant individual differences, such as personal ability. However, it
cannot estimate the effects of observable factors that vary little over time, such as gender.
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This study also calculated the BIC values for both random effects and fixed effects models
to assess their goodness of fit. Results indicate that the BIC for the random effects model is
significantly higher than that of the fixed effects model, suggesting that the fixed effects
model provides a more robust fit. Additionally, a Hausman test was conducted, yielding a
p-value of 0.02, which leads to the rejection of the null hypothesis. Consequently, the fixed
effects model is deemed more appropriate.

Table 3. Total Effects: Fixed Effects Model.

Orgfertilizer (1) (2) (3) (4)

Part-time −0.129 ***
(0.029)

−0.081 ***
(0.027)

−0.078 ***
(0.026)

−0.076 ***
(0.026)

Farmer-level control Yes Yes Yes
Household-level control Yes Yes
Production-level control Yes
Individual fixed effects Yes Yes Yes Yes
County fixed effects Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes
Observations 1569 1569 1569 1569

Note: (i) Values are marginal effects (dy/dx). (ii) Standard errors are shown in parentheses. (iii) *** p < 0.01.

This study classifies farmers into three groups—full-time farmers, Type I part-time
farmers, and Type II part-time farmers—based on their level of participation in non-farm
labor. The analysis in Table 4 reveals that Type I part-time farmers (with 5% to 50% of non-
farm income) significantly reduce organic fertilizer use at the 10% significance level, while
Type II part-time farmers (with over 50% non-farm income) show a stronger reduction at the
1% level, aligning with the findings of Nunez and McCann [24]. These results indicate that
increased non-farm income corresponds to a greater decline in organic fertilizer application,
supporting Hypothesis 4 and also lending support to prior studies [49,50]. Furthermore, the
reclassification of these groups confirms the robustness of the findings. These findings imply
that part-time farming poses a serious threat to implementing zero growth in chemical
fertilizer policy. It reinforces that labor loss from the agriculture sector is strongly associated
with the adoption of time- and labor-efficient technologies in agriculture. Hence, these
findings suggest that paying more attention to full-time farming households holds sufficient
potential to realize a transition.

Table 4. Estimates of Type I and Type II Part-Time Farmers.

Orgfertilizer (1) (2) (3) (4)

Full-time
(5% < Non-farm income ≤ 50%)

−0.037 *
(0.023)

−0.074 *
(0.039)

Type I part-time
(10% < Non-farm income ≤ 50%)

−0.038 *
(0.022)

−0.071 *
(0.037)

Type II part-time
(50% < Non-farm income)

−0.055 ***
(0.020)

−0.046 ***
(0.017)

−0.052 ***
(0.020)

−0.057 ***
(0.018)

Individual fixed effects No Yes No Yes
County fixed effects Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes
Other factors control Yes Yes Yes Yes
Observations 1569 1569 1569 1569

Note: (i) Values are marginal effects (dy/dx). (ii) Standard errors are shown in parentheses. (iii) * p < 0.1,
*** p < 0.01.

4.2. Test of Robustness

In Table 5, this study conducted robustness tests using two methods. First, the Or-
dinary Least Squares (OLS) model was applied, and the results aligned with those of
the Logit model as expected. Second, the dependent variable was redefined to assess
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“whether commercial organic fertilizers are applied” and “whether farmyard manure is
applied”. The findings show that part-time farming significantly reduces the use of com-
mercial organic fertilizers but has no significant effect on farmyard manure application.
This may be because farmyard manure is locally sourced, saving labor costs compared to
commercial fertilizers.

Table 5. Test of Robustness.

OLS Commercial Organic Farmyard Manure
(1) (2) (3) (4) (5) (6)

Part-time
(Non-farm income ≤ 5%)

−0.094 ***
(0.025)

−0.146 ***
(0.018)

−0.076
(0.051)

Part-time
(Non-farm income ≤ 10%)

−0.085 ***
(0.023)

−0.171 ***
(0.021)

−0.069
(0.050)

Individual fixed effects Yes Yes Yes Yes Yes Yes
County fixed effects Yes Yes Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes Yes Yes
Other factors control Yes Yes Yes Yes Yes Yes
Observations 1569 1569 1569 1569 1569 1569

Note: (i) Values are marginal effects (dy/dx). (ii) Standard errors are shown in parentheses. (iii) *** p < 0.01.

4.3. Test of Mechanism

In Table 6, this study employs “total household income (ten thousand CNY)” and
“household non-farm labor supply time (months)” as proxies to test the income effect
and labor loss effect, respectively. Results show that while part-time farming significantly
increases total household income, this income does not promote the application of organic
fertilizers, suggesting that liquidity constraints are not a primary concern. Conversely,
increased non-farm labor supply significantly inhibits organic fertilizer use, supporting the
labor loss hypothesis. The findings indicate that macroeconomic policies, such as poverty
alleviation, may mitigate liquidity constraints, reducing the observed income effect.

Table 6. Test of Mechanism.

Income Effect Labor Loss Effect
Total Income

(1)
Orgfertilizer

(2)
Non-Farm Supply

(3)
Orgfertilizer

(4)

Part-time 0.633 ***
(0.018)

1.653 ***
(0.050)

Total income 0.029
(0.033)

Non-farm supply −0.018 ***
(0.003)

Individual fixed effects Yes Yes Yes Yes
County fixed effects Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes
Other factors control Yes Yes Yes Yes
Observations 1569 1569 1569 1569

Note: (i) Columns (2) and (4) report marginal effects (dy/dx). (ii) Standard errors are shown in parentheses.
(iii) *** p < 0.01.

Some studies have shown that government-implemented poverty alleviation policies
and production subsidy policies directly increase farmers’ cash flow, thereby alleviating
household liquidity constraints [51,52]. From the perspective of other policy interventions,
China’s long-term “poverty alleviation” strategy, which includes establishing a rural mini-
mum livelihood guarantee system, providing monthly financial aid to low-income families,
and offering grassroots support for agricultural production, helps balance consumption and
production for low-income farming households. Additionally, various agricultural input
subsidy policies and the widespread establishment of rural credit cooperatives further
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contribute to easing household liquidity constraints. As a result, the income effect in this
study is not significant, and Hypothesis 1 cannot be empirically supported; the influence
of some other macro policies may have been overlooked. Columns (3) and (4) show that
part-time farming significantly increases non-farm labor supply time at the 1% significance
level and has a significant negative inhibitory effect on the application of organic fertilizers,
consistent with Hypothesis 2.

4.4. Test of Intervention Effect of Socialized Services

This study uses “whether the agricultural cooperative provides technical guidance
services” and “whether the cooperative provides machinery services” as proxies for agri-
cultural socialized services to evaluate potential intervention effects. Results in Column (3)
of Table 7 show that the interaction term between technical guidance services and part-time
farming is insignificant, indicating no effective mitigation of the labor loss effect. However,
the interaction between machinery services and part-time farming is significantly positive,
suggesting that machinery services alleviate the labor loss effect by substituting labor in
tasks such as fertilizer application, thus supporting Hypothesis 5.

Table 7. Test of Intervention Effect of Socialized Services.

Orgfertilizer (1) (2) (3)

Part-time −0.075 ***
(0.025)

−0.073 ***
(0.025)

−0.073 ***
(0.024)

Technical services 0.335
(0.278) — 0.312

(0.291)

Machinery services — 0.245
(0.239)

0.228
(0.232)

Part-time×Technical services 0.135
(0.144) — 0.141

(0.197)

Part-time×Machinery services — 0.033 **
(0.013)

0.027 **
(0.012)

Individual fixed effects Yes Yes Yes
County fixed effects Yes Yes Yes
Time fixed effects Yes Yes Yes
Other factors control Yes Yes Yes
Observations 1569 1569 1569

Note: (i) values are marginal effects (dy/dx). (ii) Standard errors are shown in parentheses. (iii) ** p < 0.05,
*** p < 0.01.

4.5. Implications for Climate Change Mitigations

Based on the study’s findings, several measures can be implemented to strengthen
agricultural resilience and enhance adaptation to climate change. First, since the adoption
of organic fertilizers is found to decline under labor loss scenarios, it is recommended to
promote the integrated use of fertilizers. Farmers can concurrently apply both chemical
and organic fertilizers to improve crop productivity, ensure food security, and boost farm
income. This combined approach can reduce the reliance on chemical fertilizers, thereby
contributing to climate change mitigation efforts. Second, there is a critical need to provide
farmers with modern fertilization machinery. Given that rural labor migration threatens
organic fertilizer adoption, the introduction of advanced machinery can optimize the use
of organic fertilizers and support broader efforts toward climate-smart agricultural prac-
tices. Third, land consolidation can significantly enhance productivity and the adoption of
sustainable, climate-resilient practices in agriculture. Facilitating land transfers through
leasing mechanisms to larger-scale farmers could promote the use of organic fertilizers, as
economies of scale enable these farmers to use resources more efficiently while maximizing
profits. This strategy would contribute to improved food security and environmental
sustainability in agriculture. Additionally, labor market policies should be revisited to curb
the excessive transfer of labor from the agricultural sector, ensuring a balanced labor supply.
The Chinese government’s support for organic fertilizer use through socialized services
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should also be expanded to include financial aid, technical assistance, and modern mecha-
nization to facilitate a just transition to sustainable practices. Moreover, in regions severely
affected by rural labor loss, organic fertilizer adoption can be encouraged through incentive
mechanisms, such as subsidies or financial rewards for its use. These incentives would
accelerate resilience-building and the transition to climate-smart, sustainable agriculture
while reducing the carbon footprint of the agricultural sector.

5. Conclusions and Way Forward

The excessive use of chemical fertilizers in China has exacerbated climate change
through increased greenhouse gas emissions, atmospheric nitrogen deposition, and global
warming. To mitigate these effects, solutions include reducing fertilizer usage, improving its
efficiency, replacing chemical fertilizers with organic alternatives, and adopting advanced
technologies to lower emissions. To this end, this study examines how part-time farming,
agricultural service provision, and rural labor migration influence organic fertilizer use.
It employs fixed and random effects models on data from 523 households from Shaanxi
Province, one of China’s main apple-producing regions.

This study suggests that the impact of rural labor migration on organic fertilizer
use is shaped by two opposing forces. On the one hand, labor migration away from
agriculture reduces labor input, exerting a “push” effect that decreases organic fertilizer use.
On the other hand, increased household income from non-farm work alleviates financial
constraints, creating a “pull” effect that promotes organic fertilizer application. The overall
impact depends on the balance between these forces, which varies according to the extent
of labor migration and the resulting shifts in household resources.

This study investigates the effects of part-time farming on organic fertilizer use and the
moderating role of agricultural socialized services. The findings reveal that: (1) Part-time
farming significantly reduces the likelihood of using organic fertilizers, with part-time
farmers being 7.6% less likely to apply them than full-time farmers. (2) A higher non-farm
income correlates with a further decline in organic fertilizer use, especially among Type
II part-time farmers. (3) The labor loss effect is the main driver of this reduction, while
the income effect is negligible. (4) Agricultural machinery services mitigate this negative
impact, though technical guidance services are less effective.

This study identifies the primary cause of reduced organic fertilizer use due to rural
labor migration in China as a shortage of agricultural labor, a challenge likely affecting
other regions pursuing green agricultural transformation. To address this, the following
policies are recommended: (1) Subsidize fertilization machinery and promote the combined
use of organic and water-soluble fertilizers to enhance labor efficiency. (2) Encourage
land transfers to trained farmers for large-scale operations and strengthen rural labor
market regulations. (3) Promote agricultural socialized services through cooperatives and
government support to modernize production methods.

While this study rigorously analyzes the effects of part-time farming and agricultural
socialized services on organic fertilizer use, future research could expand on the follow-
ing aspects: First, refining the intensity and structure of organic fertilizer application by
farmers, specifically by incorporating detailed data on the quantities of farmyard manure
and commercial organic fertilizers used, would add depth to this study. Second, further
examination of the organic fertilizer application behavior among full-time farmers, who
are primary food producers, is warranted. Third, comparing the effects of organic fertilizer
use across gender groups, landowners versus tenants, and various regions could provide
complementary insights to the findings presented here. Additionally, exploring the impact
of regional livestock industry development on farmers’ use of organic fertilizers would
yield valuable insights for promoting organic fertilizer adoption. Finally, future studies
should assess the environmental impact of commercially produced organic fertilizers to
evaluate their ecological sustainability.



Land 2024, 13, 1900 14 of 16

Author Contributions: Conceptualization, Q.H., S.M. and J.C.; methodology, Q.H.; software, Q.H.,
S.M., G.M. and J.C.; validation, Q.H., S.M. and G.M.; formal analysis, Q.H. and G.M.; investigation,
Q.H.; resources, Q.H. and G.M.; data curation, S.M.; writing—original draft preparation, Q.H. and
S.M.; writing—review and editing, G.L. and G.M.; visualization, G.M. and Q.H.; supervision, G.L.;
project administration, G.L.; funding acquisition, G.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was funded by the following foundations: (1) National Natural Science Foun-
dation of China, “Coupling Crop and Livestock Production in the Context of Farm Differentiation:
Mechanism and Policy” (Grant No. 72473070). (2) National Natural Science Foundation of China,
“Partial Substitution of Chemical Fertilizer with Organic Fertilizer for Agriculture Green Develop-
ment: Heterogeneous Farmers’ Behavior Mechanisms and Government Intervention” (No. 72073070).
(3) Jiangsu Agricultural Industry Technology System (Grant No. JATS[2022]479). (4) “Philosophy and
Social Science Laboratories of Jiangsu Higher Education Institutions—Intelligent Laboratory for Big
Food Security Governance and Policy, Nanjing Agricultural University”.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Yi, X.; Yu, L.; Yin, C.; Wang, H.; Zhang, Z. The effects of China’s Organic-Substitute-Chemical-Fertilizer (OSCF) policy on

greenhouse vegetable farmers. J. Clean. Prod. 2021, 297, 126677. [CrossRef]
2. Wang, F.; Ge, S.; Lyu, M.; Liu, J.; Li, M.; Jiang, Y.; Xu, X.; Xing, Y.; Cao, H.; Zhu, Z.; et al. DMPP reduces nitrogen fertilizer

application rate, improves fruit quality, and reduces environmental cost of intensive apple production in China. Sci. Total Environ.
2022, 802, 149813. [CrossRef] [PubMed]

3. Bai, X.; Wang, Y.; Huo, X.; Salim, R.; Bloch, H.; Zhang, H. Assessing fertilizer use efficiency and its determinants for apple
production in China. Ecol. Indic. 2019, 104, 268–278. [CrossRef]

4. Wang, Y.; Zhu, Y.; Zhang, S.; Wang, Y. What could promote farmers to replace chemical fertilizers with organic fertilizers? J. Clean.
Prod. 2018, 199, 882–890. [CrossRef]

5. Chen, X.; Xing, L.; Wang, K.; Zhang, Y.; Han, X. Nonlinear effects of internet development on chemical fertilizer application
intensity: Macro evidence from China. J. Clean. Prod. 2023, 386, 135794. [CrossRef]

6. Hui, L.I.; Feng, W.T.; He, X.H.; Ping, Z.; Gao, H.J.; Nan, S.; Xu, M.G. Chemical fertilizers could be completely replaced by manure
to maintain high maize yield and soil organic carbon (SOC) when SOC reaches a threshold in the Northeast China Plain. J. Integr.
Agric. 2017, 16, 937–946. [CrossRef]

7. Wang, H.; Xu, J.; Liu, X.; Zhang, D.; Li, L.; Li, W.; Sheng, L. Effects of long-term application of organic fertilizer on improving
organic matter content and retarding acidity in red soil from China. Soil Tillage Res. 2019, 195, 104382. [CrossRef]

8. Wu, J.; Sha, C.; Wang, M.; Ye, C.; Li, P.; Huang, S. Effect of organic fertilizer on soil bacteria in maize fields. Land 2021, 10, 328.
[CrossRef]

9. Maltas, A.; Charles, R.; Jeangros, B.; Sinaj, S. Effect of organic fertilizers and reduced-tillage on soil properties, crop nitrogen
response and crop yield: Results of a 12-year experiment in Changins, Switzerland. Soil Tillage Res. 2013, 126, 11–18. [CrossRef]

10. Antil, R.S.; Singh, M. Effects of organic manures and fertilizers on organic matter and nutrients status of the soil. Arch. Agron. Soil
Sci. 2007, 53, 519–528. [CrossRef]

11. Fang, P.; Abler, D.; Lin, G.; Sher, A.; Quan, Q. Substituting organic fertilizer for chemical fertilizer: Evidence from apple growers
in China. Land 2021, 10, 858. [CrossRef]

12. Lu, H.; Zhang, P.; Hu, H.; Xie, H.; Yu, Z.; Chen, S. Effect of the grain-growing purpose and farm size on the ability of stable land
property rights to encourage farmers to apply organic fertilizers. J. Environ. Manag. 2019, 251, 109621. [CrossRef] [PubMed]

13. Li, B.; Shen, Y. Effects of land transfer quality on the application of organic fertilizer by large-scale farmers in China. Land Use
Policy 2021, 100, 105124. [CrossRef]

14. Wang, X.; Zhang, J.; He, K.; Li, W. Place attachment, environmental cognition and organic fertilizer adoption of farmers: Evidence
from rural China. Environ. Sci. Pollut. Res. 2021, 28, 41255–41267. [CrossRef] [PubMed]

15. Javed, M.; Awan, M.S.; Waqas, M. International migration, remittances inflow and household welfare: An intra village comparison
from Pakistan. Soc. Indic. Res. 2017, 130, 779–797. [CrossRef]

16. Konseiga, A. Household migration decisions as survival strategy: The case of Burkina Faso. J. Afr. Econ. 2007, 16, 198–233.
[CrossRef]

17. Reardon, T.; Crawford, E.; Kelly, V. Links between nonfarm income and farm investment in African households: Adding the
capital market perspective. Am. J. Agric. Econ. 1994, 76, 1172–1176. [CrossRef]

18. Qian, W.; Wang, D.; Zheng, L. The impact of migration on agricultural restructuring: Evidence from Jiangxi Province in China.
J. Rural Stud. 2016, 47, 542–551. [CrossRef]

https://doi.org/10.1016/j.jclepro.2021.126677
https://doi.org/10.1016/j.scitotenv.2021.149813
https://www.ncbi.nlm.nih.gov/pubmed/34461469
https://doi.org/10.1016/j.ecolind.2019.05.006
https://doi.org/10.1016/j.jclepro.2018.07.222
https://doi.org/10.1016/j.jclepro.2022.135794
https://doi.org/10.1016/S2095-3119(16)61559-9
https://doi.org/10.1016/j.still.2019.104382
https://doi.org/10.3390/land10030328
https://doi.org/10.1016/j.still.2012.07.012
https://doi.org/10.1080/03650340701571033
https://doi.org/10.3390/land10080858
https://doi.org/10.1016/j.jenvman.2019.109621
https://www.ncbi.nlm.nih.gov/pubmed/31569021
https://doi.org/10.1016/j.landusepol.2020.105124
https://doi.org/10.1007/s11356-021-13509-1
https://www.ncbi.nlm.nih.gov/pubmed/33779905
https://doi.org/10.1007/s11205-015-1199-8
https://doi.org/10.1093/jae/ejl025
https://doi.org/10.2307/1243412
https://doi.org/10.1016/j.jrurstud.2016.07.024


Land 2024, 13, 1900 15 of 16

19. Gray, C.L. Rural out-migration and smallholder agriculture in the southern Ecuadorian Andes. Popul. Environ. 2009, 30, 193–217.
[CrossRef]

20. Rozelle, S.; Taylor, J.E.; DeBrauw, A. Migration, remittances, and agricultural productivity in China. Am. Econ. Rev. 1999, 89,
287–291. [CrossRef]

21. Zhang, L.; Li, X.; Yu, J.; Yao, X. Toward cleaner production: What drives farmers to adopt eco-friendly agricultural production?
J. Clean. Prod. 2018, 184, 550–558. [CrossRef]

22. Shi, X.; Heerink, N.; Futian, Q. Does off-farm employment contribute to agriculture-based environmental pollution? New insights
from a village-level analysis in Jiangxi Province, China. China Econ. Rev. 2011, 22, 524–533. [CrossRef]

23. Zhou, H.; Nanseki, T.; Song, M.; Chen, T.; Li, D. Analysis on Factors Influencing Organic Fertilizer Use in China: A case study on
wheat farmers in six eastern provincial–level regions. J. Fac. Agric. Kyushu Univ. 2014, 59, 215–219. [CrossRef]

24. Núñez, J.; McCann, L. Determinants of manure application by crop farmers. J. Soil Water Conserv. 2008, 63, 312–321. [CrossRef]
25. Zhang, L.; Meng, T.; Zhang, Z.; Mu, Y. Effects of organic fertilizer substitution on the technical efficiency among farmers: Evidence

from bohai rim region in China. Agronomy 2023, 13, 761. [CrossRef]
26. Ajewole, O. Farmer’s response to adoption of commercially available organic fertilizers in Oyo state, Nigeria. Afr. J. Agric. Res.

2010, 5, 2497–2503.
27. Williams, T.O. Factors influencing manure application by farmers in semi-arid West Africa. Nutr. Cycl. Agroecosystems 1999, 55,

15–22. [CrossRef]
28. Ma, W.; Abdulai, A.; Goetz, R. Agricultural cooperatives and investment in organic soil amendments and chemical fertilizer in

China. Am. J. Agric. Econ. 2018, 100, 502–520. [CrossRef]
29. Stark, O.; Bloom, D.E. The new economics of labor migration. Am. Econ. Rev. 1985, 75, 173–178.
30. Petrova, K. Part-time entrepreneurship and financial constraints: Evidence from the Panel Study of Entrepreneurial Dynamics.

Small Bus. Econ. 2012, 39, 473–493. [CrossRef]
31. Fink, G.; Jack, B.K.; Masiye, F. Seasonal liquidity, rural labor markets, and agricultural production. Am. Econ. Rev. 2020, 110,

3351–3392. [CrossRef]
32. He, X.; Hao, M.; Li, H.; Cai, Z. Effects of different fertilization on yield of wheat and water and fertilizer use efficiency in the

Loess Plateau. J. Plant Nutr. Fertil. 2010, 16, 1333–1340. [CrossRef]
33. Chen, J.H. The combined use of chemical and organic fertilizers and/or biofertilizer for crop growth and soil fertility. Land Dev.

Dep. Bangk. Thail. 2006, 16, 1–11.
34. Mäder, P.; Fliessbach, A.; Dubois, D.; Gunst, L.; Fried, P.; Niggli, U. Soil fertility and biodiversity in organic farming. Science 2002,

296, 1694–1697. [CrossRef]
35. Liu, J.; Shu, A.; Song, W.; Shi, W.; Li, M.; Zhang, W.; Li, Z.; Liu, G.; Yuan, F.; Zhang, S.; et al. Long-term organic fertilizer

substitution increases rice yield by improving soil properties and regulating soil bacteria. Geoderma 2021, 404, 115287. [CrossRef]
36. Garzón, E.; González-Andrés, F.; García-Martínez, V.M.; de Paz, J.M. Mineralization and nutrient release of an organic fertilizer

made by flour, meat, and crop residues in two vineyard soils with different pH levels. Commun. Soil Sci. Plant Anal. 2011, 42,
1485–1496. [CrossRef]

37. Moahid, M.; Maharjan, K.L. Factors affecting farmers’ access to formal and informal credit: Evidence from rural Afghanistan.
Sustainability 2020, 12, 1268. [CrossRef]

38. Lin, L.; Wang, W.; Gan, C.; Cohen, D.A.; Nguyen, Q.T. Rural credit constraint and informal rural credit accessibility in China.
Sustainability 2019, 11, 1935. [CrossRef]

39. De Brauw, A.; Rozelle, S. Migration and household investment in rural China. China Econ. Rev. 2008, 19, 320–335. [CrossRef]
40. Fang, P.; Wang, Y.; Abler, D.; Lin, G. Effects of Aging on Labor-Intensive Crop Production from the Perspectives of Landform and

Life Cycle Labor Supply: Evidence from Chinese Apple Growers. Agriculture 2023, 13, 1523. [CrossRef]
41. Chau, N.T.; Ahamed, T. Analyzing factors that affect rice production efficiency and organic fertilizer choices in Vietnam.

Sustainability 2022, 14, 8842. [CrossRef]
42. Wang, Y.; Huan, M. The effects of socialized agricultural services on rural collective action in the irrigation commons: Evidence

from China. Agric. Water Manag. 2023, 289, 108519. [CrossRef]
43. Lewis, B.D.; Pattinasarany, D. Determining citizen satisfaction with local public education in Indonesia: The significance of actual

service quality and governance conditions. Growth Chang. 2009, 40, 85–115. [CrossRef]
44. Chen, T.; Rizwan, M.; Abbas, A. Exploring the role of agricultural services in production efficiency in Chinese agriculture: A case

of the socialized agricultural service system. Land 2022, 11, 347. [CrossRef]
45. Deng, X.; Xu, D.; Zeng, M.; Qi, Y. Does outsourcing affect agricultural productivity of farmer households? Evidence from China.

China Agric. Econ. Rev. 2020, 12, 673–688. [CrossRef]
46. Zhang, S.; Xie, X.; Zhao, M. Asset specificity on the intention of farmers to continue land recuperation: Based on the perspective

of farmer differentiation. Land 2021, 10, 603. [CrossRef]
47. Su, Q.; Wang, F.; Chen, J. Rural-household differentiation and land transfer behavior. Resour. Sci. 2016, 38, 377–386. [CrossRef]
48. Hao, H.; Li, X.; Zhang, J. Impacts of part-time farming on agricultural land use in ecologically-vulnerable areas in North China.

J. Resour. Ecol. 2013, 4, 70–79. [CrossRef]
49. Yang, X.; Sang, Y. How does part-time farming affect farmers’ adoption of conservation agriculture in Jianghan plain, China? Int.

J. Environ. Res. Public Health 2020, 17, 5983. [CrossRef]

https://doi.org/10.1007/s11111-009-0081-5
https://doi.org/10.1257/aer.89.2.287
https://doi.org/10.1016/j.jclepro.2018.02.272
https://doi.org/10.1016/j.chieco.2010.08.003
https://doi.org/10.5109/1434413
https://doi.org/10.2489/jswc.63.5.312
https://doi.org/10.3390/agronomy13030761
https://doi.org/10.1023/A:1009817323039
https://doi.org/10.1093/ajae/aax079
https://doi.org/10.1007/s11187-010-9310-7
https://doi.org/10.1257/aer.20180607
https://doi.org/10.11674/zwyf.2010.0606
https://doi.org/10.1126/science.1071148
https://doi.org/10.1016/j.geoderma.2021.115287
https://doi.org/10.1080/00103624.2011.581719
https://doi.org/10.3390/su12031268
https://doi.org/10.3390/su11071935
https://doi.org/10.1016/j.chieco.2006.10.004
https://doi.org/10.3390/agriculture13081523
https://doi.org/10.3390/su14148842
https://doi.org/10.1016/j.agwat.2023.108519
https://doi.org/10.1111/j.1468-2257.2008.00462.x
https://doi.org/10.3390/land11030347
https://doi.org/10.1108/CAER-12-2018-0236
https://doi.org/10.3390/land10060603
https://doi.org/10.18402/resci.2016.03.01
https://doi.org/10.5814/j.issn.1674-764x.2013.01.010
https://doi.org/10.3390/ijerph17165983


Land 2024, 13, 1900 16 of 16

50. Liu, G.; Ma, Z.; Guo, S.; Deng, X.; Song, J.; Xu, D. How does farmers’ differentiation affect farmland abandonment from the
perspective of land attachment and generational differences? Evidence from Sichuan Province, China. Environ. Dev. 2023, 48,
100924. [CrossRef]

51. Rao, Y.; Chen, D.; Fei, Z. Impact of government assistance on the relative deprivation of poor households’ consumption: Policy
evaluation based on the targeted poverty alleviation program. Resour. Sci. 2024, 46, 988–1001. [CrossRef]

52. Li, Y.; Chen, K.; Ding, R.; Zhang, J.; Hao, Y. How do photovoltaic poverty alleviation projects relieve household energy poverty?
Evidence from China. Energy Econ. 2023, 118, 106514. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.envdev.2023.100924
https://doi.org/10.18402/resci.2024.05.11
https://doi.org/10.1016/j.eneco.2023.106514

	Introduction 
	Theoretical Analysis 
	Income Effect 
	Labor Loss Effect 
	Total Effect 
	Intervention of Agricultural Socialized Services 

	Data and Methods 
	Data 
	Variable Description 
	Econometric Model 
	Fixed Effects Model 
	Random Effects Model 


	Empirical Results 
	Analysis of Total Effect 
	Test of Robustness 
	Test of Mechanism 
	Test of Intervention Effect of Socialized Services 
	Implications for Climate Change Mitigations 

	Conclusions and Way Forward 
	References

