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Introduction: The impact of farm machinery outsourcing services (FMOS)
on grain production has been extensively studied in the literature. However,
whether FMOS would adjust cropping structures and ensure food security is
little known. To address this research gap, we analyzed the impact of FMOS on
the cropping structure adjustment and grain production of farmers.

Methods: We estimate the impact of FMOS on grain production by using
data collected from a survey of 3,863 wheat farmers in China. We employ the
Extended Regression Model (ERM) to address selectivity bias.

Results and discussion: The empirical results show that FMOS can adjust the
cropping structure and increase the proportion of household food cultivation.
Among all segments of FMOS, fertilizer application services drive the increase in
grain acreage more significantly. We also find that large-scale households prefer
to self-purchase farm machinery rather than FMOS, leading to an insignificant
impact of FMOS on cropping structure. Therefore, in the process of promoting
the development of FMOS, we should focus on the coordinated development of
various types of FMOS, strengthen the popularization and application of fertilization
services, and formulate a differentiated subsidy policy for heterogeneous farmers in
terms of scale to better play the role of agricultural machinery in promoting grain
production.

KEYWORDS

cropping structure, farm machinery outsourcing services, grain production, wheat
farmers, China

1 Introduction

Meeting the food demand of the global population is an essential challenge for humanity
(Godfray etal., 2010; Springmann et al.,, 2018). China has been making great efforts to ensure food
security (Zhu and Jin, 2013; Huang and Zou, 2018). In 2022, the Chinese Governments Central
Document No. 1 clearly emphasizes the need to stabilize grain production and ensure food
security (Ye et al., 2023). In the past two decades, the sown area and production of grain crops in
China have experienced fluctuations of decreasing and then increasing. The data in Figure | show
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FIGURE 1
Sown area and production of grain crops in China from 2000 to 2022.
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that China’s sown grain area declined between 2000 and 2003. The sown
area of grain began to rise between 2004 and 2016. The sown area of
grain stabilized after 2017. Grain production and area sown to grain
follow the same trend. What motivates adjusting the planting structure
from cash to grain crops? Clarifying this question is of great practical
significance to Chinass efforts to build a food security system.

Existing literature explains the causes of fluctuations in Chinas grain
cultivation structure from different perspectives, such as changes in
property rights and the transfer of agricultural land. Some literature
attribute the rapid rise in grain output in the early reform period to the
introduction of the household contract responsibility system (Lin, 1992).
The subsequent decline in grain output stems from the exhaustion of
property rights incentives (Li et al., 1998). The adjustments of agricultural
land make property rights unstable and and inhibit farmers’ incentives
to invest in production, leading to worry about grain production. The
imperfections of agricultural land property rights lead to slow land
transfer, hindering the efficient allocation of agricultural land and
weakening the performance of agricultural operations (Kimura et al,,
2011). In recent years, agricultural land property rights’ role in planting
structure adjustment has been reintroduced. The combination of
property rights stability and factor allocation works in planting structure
adjustment (Luo et al, 2018; Qiu and Luo, 2018; Hong and Luo, 2019).
Property rights stability promotes farmers long-term investment,
increasing the proportion of food cultivation. However, with the
completion of the work of confirming and certifying the right to
farmland, the right to land is further solidified, and it is necessary to
explain the generating mechanism of planting structure adjustment from
outside the property rights.

Other scholars have explored the influencing factors of planting
structure adjustment based on the perspective of agricultural land
transfer (Cai et al., 2015) and found that the degree of market
development of agricultural land transfer has an opposite development
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trend to the area of grain cultivation (Xu et al., 2017). Excessively high
farmland transfer costs will lead to planting structures biased towards
cash crops (Zhang et al., 2014; Tian and Zhang, 2017), but the
phenomenon of non-food planting structure generated by the transfer
of land only applies to the scenario of a smaller scale of operation. As
the scale of operation expands, the proportion of food planting will
increase significantly, presenting the characteristics of the planting
structure adjusted toward food production (Zhang and Du, 2015;
Chen and Kong, 2016). Transferring land enhances the proportion of
grain planting, which is the most crucial factor for the development
of the agricultural land market and the development of the agricultural
land market. It is worth noting that the transfer of agricultural land
has not achieved the expected policy effects, and the trend of land-
scale operation is not obvious (Qian et al., 2018a). However, the area
and output of grain cultivation show a continuously increasing trend.
Based on the agricultural land transfer perspective does not fully
explain the phenomenon of planting structure adjustment to grain
(Luo, 2019). Some other scholars have examined the generation
mechanism of planting structure adjustment from farm household
differentiation (Jiang, 2015; Zhao and Zhou, 2018) and grain subsidy
policy (Liu and Liu, 2013; Lv and Hu, 2017; Zhou and Zeng, 2019).
However, these studies did not achieve consistent conclusions because
of the different sources of data and the use of different methodologies.

After China’s rapid urbanization, the rural labor force began to
move to the towns and cities, which led to a change in the cultivation
structure. Some scholars explored the intrinsic motivation of planting
structure adjustment based on the perspective of non-agricultural
transfer of labor (Qian et al., 2018b) and formed two different schools
of thought. Some scholars advocated that the non-agricultural transfer
of labor will significantly promote the planting structure adjustment,
increase the proportion of grain planting (Huang and Li, 2019), and
reduce the planting of cash crops (Qi and Tang, 2017). The off-farm
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employment of farmers can alleviate financial constraints (Chiodi
etal, 2012) and promote grain production (Wei et al., 2017). Others
argued that the off-farm transfer of labor tightens agricultural labor
supply, increases prices, and reduces the cultivation of relatively labor-
intensive grain (Yang et al., 2016). The key to the disagreement is
whether or not to consider substituting agricultural machinery for
labor factors and whether agricultural mechanization can offset the
negative impact of the off-farm labor transfer on grain cultivation
(Zhong et al., 2016). Non-farm transfer of labor promotes farmers to
invest in machinery factors and thus promote the planting structure
adjustment (Ji et al, 2012; Wang and Chen, 2016). Agricultural
machinery factor inputs have an essential impact on planting
structure adjustment.

Although some scholars have noted the role of agricultural
machinery inputs in planting structure adjustment, they tend to
discuss it based on the perspective of property rights or labor transfer
(Tan et al., 2019). However, they have yet to clarify its generating
mechanism positively. In particular, in 2004, the Ministry of Finance
and the Ministry of Agriculture jointly promulgated the agricultural
machinery purchase subsidy policy, further expanding the strength
and coverage of agricultural machinery purchase subsidies. The
purchase of agricultural machinery has given rise to many FMOS
supply organizations. As of December 2018, there were about 200,000
agricultural machinery cooperatives and other operation service
organizations in China, with a cumulative operation service area of
more than 4 billion mu per year. Compared with self-purchased farm
machinery, FMOS can effectively crack the dilemma of small farmers’
capital shortage, especially the cross-area operation service of farm
machinery, which breaks through the geographical limitation and the
constraints of operation scale and has an essential impact on grain
production (Fang et al., 2017). Yang et al. (2018) explored the impact
of agricultural mechanization services on grain-sowing areas.

The improvement of agricultural machinery socialization services
on grain production has also been verified (Akinbamowo, 2013; Xu
et al,, 2022). However, the impacts of farm machinery socialization
services on food production are different in different segments. Chen
et al. (2022) used data from Jiangsu Province. They found that
socialization services for transplanting rice seedlings and pest control
significantly positively impacted rice yield. In contrast, socialization
services during harvesting did not significantly impact rice yield.
Different socialized services can be classified into the following two
categories to distinguish the heterogeneity of socialized services:
technology-intensive and labor-intensive. Technology-intensive
includes the plant protection segment (Mottaleb et al., 2017). Labor-
intensive refers to the cultivation, transplanting, and harvesting
segments, which require large labor inputs (Wang et al., 2016). Using
socialized farm machinery services accelerates the saving of labor
inputs and may have a smaller effect on rice yield. Liu et al. (2019)
found that socialized services significantly positively affected rice
yield. Labor-intensive services did not affect rice yield, while
technology-intensive services increased rice yield. In addition, other
scholars have studied the influencing factors of outsourcing forestry
production (Wen et al., 2023). However, they did not analyze further
the mechanism of its role and the difference in the role of
distinguishing the heterogeneity of the size of farmers.

Therefore, the overall objective of this paper is to analyze whether
FMOS affects farmers’ cropping structure adjustment to increase the
proportion of food cultivation. In addition, we explore the
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heterogeneity and the mechanism of action of the impact of FMOS on
the cropping structure of farm households. We will make two
contributions to the literature that will help enrich the literature on
FMOS in developing countries. First, we use ERM modeling to
address the selectivity bias. Since farmers voluntarily choose FMOS,
the issue of selection bias has to be considered when quantifying the
impact of using FMOS. The ERM model addresses selection bias due
to observable factors (e.g., age, education, and household size) and
unobservable factors (e.g., farmers’ innate ability). Second,
we contribute to the literature by investigating whether treatment
effects are heterogeneous across conditions of household and farm-
level characteristics. The literature pay little attention to this question.

The rest of the paper is organized as follows. Section 2 provides
the analytical framework. Section 3 presents the materials and
methods. Section 4 presents the results and discussion. Section 5
provides conclusions and implications.

2 Analytical framework

We referred to the study of Reddy (2018) and combined it with
microeconomics theory to construct the theoretical analytical
framework of this paper. We assume that farmers do not have
preference differences in the choice of crop varieties and planting
methods and allocate the scale of crop cultivation only with the
decision-making objective of utility maximization (Luo and Qiu,
2018). FMOS can replace labor and adjust the structure of farmers’
production factor inputs while also impacting cropping structure.
We can analyze it from supply and demand. First, the supply
characteristics of FMOS guide the adjustment of agricultural planting
structures. An imbalance of service categories mainly characterizes
the current FMOS in China. The imbalance of service categories refers
to the large gap between the FMOS levels of different types of crops,
and the current FMOS service targets are mainly concentrated in grain
crops such as wheat and rice. At the same time, there is a relative
shortage of FMOS supply for economic crops such as fruit trees and
vegetables, and the gap between the service levels of different types of
crops is noticeable. The characteristics of the imbalance and
inadequacy of the supply of FMOS have led farmers to plant crops that
can deeply participate in the division of labor, and grain crops
naturally become the priority. Crops and food crops naturally become
the preferred option. Secondly, farmers’ demand for FMOS adjusts the
agricultural planting structure (Yang et al., 2018). In China, if FMOS
can save labor well, there is a higher demand for it from farmers. At
this time, farmers can transfer more labor quantity and time to
non-agricultural fields to get more wage income. Food production can
satisfy this characteristic well, and farmers choose FMOS to be more
willing to produce grain.

The restructuring of the cropping structure by FMOS can
be realized through the following paths(see Figure 2). The ultimate
goal of both paths is to increase agricultural productivity (Qiu and
Tang, 2019). First, FMOS can ease labor constraints, reduce
production costs, and improve agricultural productivity. Rising labor
costs are an important factor in China’s agricultural production
decisions. A large amount of labor is needed in food production, and
the price of labor has risen in recent years. Farmers will produce cash
crops to reduce production costs. However, the emergence of FMOS
will reduce the labor shortage and lower the production cost. At this
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FIGURE 2
Theoretical analysis framework.

time, farmers will adjust the planting structure and choose food
production again. Secondly, FMOS can reduce the yield loss in food
production and improve the efficiency of agricultural production.
Traditional grain harvesting relies on labor, at which time the
harvesting loss is about 10%. The loss of harvesting will be reduced to
less than 3% after the adoption of FMOS, which will bring more food
income to farmers. Farmers are also willing to adjust their planting
structure for grain production.

The subjective traits, behavioral capabilities, and cost constraints
of small-scale and large-scale households are heterogeneous, leading
to the tendency of small-scale farmers to choose FMOS. In contrast,
large-scale households tend to purchase farm machinery (Hu et al,
2019). After comparing their opportunity costs, the market price of
operation services, and the average cost of using farm machinery of
different powers, farmers choose FMOS or purchasing their farm
machinery within the scale interval (Zhang and Du, 2018). The capital
threshold of agricultural machinery is generally higher. For land
preparation machines, seeders, harvesters, dryers, and other such high
acquisition costs of agricultural equipment, financial constraints of
small farmers usually can not afford to buy, at the same time, the small
scale of operation, land fragmentation will make the surplus of small
agricultural machinery, large-scale agricultural machinery idle, so the
small farmers to purchase their farm machinery is not consistent with
maximizing returns, minimizing costs. They are more inclined to
choose the FMOS. In contrast, large-scale households, driven by
comparative advantage, purchase their farm machinery. Heterogeneity
in the scale of farmers’ operation leads to different ways of investing
in agricultural machinery, which has a differentiated impact on the
adjustment of planting structures. For small-scale farmers, FMOS can
significantly contribute to the adjustment of cropping structure
towards grain cultivation. For large-scale households, the impact of
FMOS on planting structure adjustment has yet to be apparent. Based
on the above theoretical analyses, this paper proposes the following
three research hypotheses:

HI: FMOS significantly positively affects the planting structure
adjustment towards grain cultivation.
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H2: FMOS promotes planting structure adjustment by enhancing
grain production efficiency.

H3: The effect of FMOS on the planting structure adjustment has
scale heterogeneity.

3 Materials and methods

3.1 Data

The data originated from a 2017 survey of wheat production in six
counties of Henan Province of China. The mechanization level of
wheat in Henan Province is rising. In 2017, the comprehensive
mechanization rate of wheat production has reached about 80%, with
most farmers adopting machinery, but focusing on land preparation
and harvesting. We utilized a combination of stratified sampling and
random sampling to facilitate sample selection. We selected
Zhengyang County, Shangcai County, Qixian County, Maoyang
County, Anyang County, and Xinan County for the questionnaire
survey based on their geographic location, wheat planting area, per
capita disposable income of farmers, and other relevant indicators.
The survey was conducted in two batches. Firstly, 10 townships were
randomly selected in Zhengyang County.

From each township, 5 villages were selected, and 40 sample
households were randomly selected from each village, resulting in
2,000 samples. 1,914 valid questionnaires were recovered. The second
time survey is founded on the principle of stratified sampling.
We finally sampled five counties: Shangcai County, Qiyi County,
Maoyang County, Anyang County, and Xinan County. We divided all
the townships in each county into quintiles according to their level of
economic development. One township is chosen randomly from each
quintile, obtaining five sample townships.

Similarly, all villages in the towns surveyed were split into two
groups based on their economic status, and one village from each
group was randomly chosen to form two sample villages. A total of
2,000 sample households were selected, with 40 households selected
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at random from each village. We conducted one-on-one household
interviews by scheduling appointments in advance with sample
households and village cadres in sample villages. Eventually, 2,000
valid questionnaires were obtained. The group distributed 4,000
questionnaires cumulatively to farmers, obtaining 3,914 valid samples,
resulting in a questionnaire validity rate of 97.8%. In accordance with
the research purpose of this paper, we ultimately selected 3,863
samples of farm households for the study.

3.2 Models

3.2.1 ERM model

This paper aims to investigate the effect of FMOS on cropping
structure. However, the decision of farmers to adopt FMOS is influenced
by unobservable factors, such as production preferences and skills (Silva
etal, 2010; Mponela et al,, 2023). To address the endogeneity problem
caused by self-selection, ERM can provide more precise parameter
estimates. The ERM model can handle both continuous and discrete
endogenous variables. Therefore, the ERM model was chosen for
regression, and the model was set as Equations 1,2:

Service = ag + ailnstru; + ayFarmer; + azLand; +

a4 Re gion; + as Price; + ¢ (1)
Plastr; = By + PiService; + BrFarmer; + B3Land; +
BaRe gion; + Bs Price; + ¢; 2)

In the equation, i represents an individual farmer, Service;
represents whether farmer i utilizes land preparation services, fertilizer
application services, and harvesting services; Plastr, Instru, Farmer,
Land, Reigon, and Price represent the variables of cropping structure,
the average utilization rate of outsourced farm machinery services
(instrumental  variables), farmer characteristics, cropland
characteristics, village characteristics, and market price, respectively.
o and P represent the estimated coeflicients of the corresponding
variables. € and ¢ are the stochastic perturbation terms. ERM is
divided into two stages. The first stage involves the determination
model of FMOS, while the second stage entails analyzing the impact

of the FMOS model on cropping structure.

3.2.2 Mediation model

The mediation model provides a detailed explanation of the
mechanism between two variables (Zhang and Du, 2018). To investigate
the role of FMOS in planting structures, the following mediation model
is constructed to examine the mechanism of action Equations 3-5.

Y; = “FCService; + X p1 X; +1; ®)
Media; = *>*Service; + . fo X + 1; 4)
Y, = a”C'Service,- + bMediai +2B3X; +6; )
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Where Y denotes the cropping structure, Service and Media
denote FMOS variables and grain production efficiency (mediating
variable), respectively. X is the control variable that may affect both
the cropping structure and the mediating variable, including farm
household
characteristics, and market price. We determine whether there is a

characteristics, cropland characteristics, village
mediating effect by comparing the size and significance of the

estimated parameters of the three equations.

3.3 Variable definitions and descriptive
statistics

3.3.1 Explained variables

This paper examines the intrinsic motivation for the change in
planting structure. We selected the proportion of grain cultivation and
the area of grain cultivation as the explained variables (Luo and Qiu,
2018). As one of the three significant grains, wheat’s planting scale is
strategically essential to national food security. Thus, this paper takes
wheat production as an example and selects wheat planting proportion
and planting area as explained variables.

3.3.2 Core explanatory variables

Land preparation service, fertilizer application service, and
harvesting service are FMOS commonly adopted by farmers (Qiu and
Tang, 2019). In this paper, land preparation service, fertilizer
application service and harvesting service are also selected as proxy
variables of FMOS to ensure the reliability of the research findings.

3.3.3 Instrumental variables

Referring to the existing literature (Ma et al., 2013; Zhang et al,
2020), the average utilization rate of land preparation service, the
average utilization rate of fertilizer application service, and the average
utilization rate of harvesting service of other farmers in the village
except this farmer are used as instrumental variables for whether this
farmer uses land preparation service, fertilizer application service, and
harvesting service. Due to the herd effect, the FMOS decisions of other
farmers in the village will affect whether the farmer uses FMOS or not.
However, they will not directly affect the farmer’s planting structure
decision, so the average FMOS utilization rate of other farmers in the
village satisfies the correlation and exclusion constraints required by
the instrumental variables.

3.3.4 Mediating variables

FMOS combines technological improvement and labor
substitution, leading to enhanced grain production efficiency (Yang
and Li, 2022). This process aids in the adjustment of planting structure.
This paper uses grain production efficiency as the mediating variable
for FMOS to analyze how planting structure adjustment is achieved.

3.3.5 Control variables

Combined with the existing literature, other variables were further
controlled for their effects on planting structure adjustment, such as
farm household characteristics, cropland characteristics, village
characteristics and market prices (Luo et al., 2018). The definitions of
variables and descriptive statistics are shown in Table 1. In the survey
sample, the average proportion of wheat planted by farmers was
13.4%, and the planted area was 7.838 mu. The average use rate of land
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TABLE 1 Variables definitions and descriptive statistics.

Variables

Variable name

Variable-definition

Standard
error

Grain planting ratio The sown area of wheat/crop area 0.134 0.335
Explained variables = Planting structure
Grain planting area Wheat sown area (mu) 7.838 9.598
Land preparation service Whether to use the land preparation service (yes=1, no=0) 0.749 0.433
Core explanatory Agricultural machinery
Fertilization service Whether to use the fertilization service (yes=1, no=0) 0.229 0.420
variables outsourcing service
Harvest service Whether to use the harvest service (yes=1, no=0) 0.844 0.362
Land preparation service tools Average utilization rate of land preparation services 0.749 0.152
Instrumental Agricultural machinery
Fertilization service tools Average utilization rate of fertilization services 0.229 0.197
variables outsourcing service
Harvest service tools Average harvest service utilization rate 0.844 0.152
Mediating variables = Grain production efficiency Average yield per mu Wheat yield per mu (kg) 331.771 171.343
Educational level The proportion of high school education or above in the family workforce 0.171 0.274
Agricultural training Number of people receiving agricultural skills training (people) 0.104 0.420
Finance loan Whether to borrow money from a formal financial institution (yes=1, no=0) 0.031 0.173
The characteristics of farmers
Loan difficulty Whether the loan is simple (yes=1, no=0) 0.016 0.127
Whether the big surname Whether the surname is the big surname of the village (yes=1, no=0) 0.664 0.472
Control variables
Number of party members Number of family party members (person) 0.156 0.421
Characteristics of cultivated land | Cultivated land quality Average fertility of operating farmland (very poor =1, poor =2, generally =3, good =4, very good =5) 2.752 0.822
Village traffic conditions Very bad =1, worse =2, generally = 3, better =4, very good =5 3.117 0.946
Village characteristics
Village Cooperation Organization Whether there is a farmer cooperative organization in the village (yes =1, no or not heard of=0) 0.082 0.274
Market price Wheat price Wheat price (yuan/kg) 2.352 18.430

mu is a Chinese unit. One hectare is equivalent to 15 mu. Yuan is a Chinese currency; 1 yuan is equivalent to USD 0.14315 in 2023.
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preparation service was 74.9%; the average use rate of fertilizer
application service was the lowest, 22.9%; and the average use rate of
harvesting service was the highest, 84.4%, which indicated that the
degree of mechanization of planting wheat was higher, and the
application of mechanized ploughing and harvesting services was
more widespread. The average yield of wheat per mu was 331.771kg,
and the average yield fluctuated wildly due to the influence of the scale
of operation. The proportion of high school and above education
reaches 17.1%; the proportion of farmers taking loans from formal
financial institutions is deficient, only 3.1%; the sample farmers are
generally of the big surnames in the village, indicating that the village
residents mainly live centrally based on the family name as a link. The
proportion of party members is relatively low, at 15.6%. The quality of
arable land is average, while the average transportation conditions in
the villages are average, and the percentage of those with farmers’
cooperative organizations is low at 8.2%. The market price of wheat is
relatively stable, averaging 2.352 yuan/kg.

4 Results and discussion

4.1 ERM results

Table 2 shows that FMOS has a significant positive effect on
adjusting planting structures. This suggests that farmers tend to
cultivate grain after adopting FMOS. The findings of the study are
consistent with Hua et al. (2022). Adoption of FMOS by farmers
increases enthusiasm for grain cultivation. Chen et al. (2022) also
showed that FMOS can increase the scale of grain production and
thus grain productivity. Thus, hypothesis HI is supported.
Additionally, we examined the impact of FMOS adoption on
different stages of planting structure. Regarding the proportion of
grain planting, the harvesting service plays a more significant role in
adjusting the planting structure than the land preparation service,
with the fertilization service having the most negligible impact. The
findings of this study are in basic consistency with those of Chen
et al. (2012). Regarding the grain planting area, the fertilization
service has a more significant impact on the planting structure,
followed by the harvesting service, with minimal influence from the
land preparation service (Zhang et al., 2022). The advancement of
labor-intensive services, including land preparation and harvesting,
and technology-intensive. A high labor substitution rate and high

TABLE 2 Results of the ERM regression.

Grain planting

Grain planting

Variables :
ratio area
1.019%%* 4.213%%*
Land preparation service
(0.001) (0.931)
0.188%#* 8.3377%#*
Fertilization service
(0.025) (0.767)
1.024%#%* 4.985%%*
Harvest service
(0.001) (0.578)
Controlled variable Yes Yes
N 3,863 3,863

*##]s significant at the significance level of 1%.
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service quality characterize farmers’ demand for FMOS. A high
labor substitution rate means that FMOS can cover as much of the
whole process of crop growth as possible. The higher the labor
substitution rate is, the more amount and time of labor farmers can
transfer to the non-farming field, thus gaining more wage income.
Relative to cash crops, food crops have fewer production stages and
higher labor substitution rates. High service quality means that the
quality of agricultural machinery socialization services can reach the
satisfaction of farmers; at present, the agricultural machinery
operation technology for staple food crops has been relatively
mature, and there is a high degree of satisfaction in the process of its
use by farmers (Qiu and Tang, 2019; Jiang et al., 2023). As a result,
farmers will adjust their cropping structure to favor grain production
after adopting FMOS. Such an adjustment holds high importance in
securing the country’s grain supply.

4.2 Mediation effect results

As shown in Table 3, FMOS promotes the adjustment of cropping
structure towards grain production by increasing production
efficiency. Therefore, hypothesis H2 is confirmed. Specifically, the
mediating effect of harvesting services on the share of grain crops and
the area under grain crops was the strongest, with 0.102 and 0.812,
followed by land preparation services, with 0.065 and 0.549,
respectively. The mediating effect of fertilizer application services was
the weakest, with 0.028 and 0.235, respectively. This was followed by
fertilization services with 48.48 percent. Harvesting services had the
lowest share, with 43.44%. Concerning the area under cereals, land
preparation services had the largest share of mediated effects, with
69.10%. This was followed by harvesting services with 28.59%.
Fertilizer application is the lowest, with 24.74%. In summary, labor-
intensive FMOS has a more pronounced effect on the cropping
structure adjustment by improving grain production efficiency.

4.3 Heterogeneity results of planting scale

This paper examines the impact of FMOS on adjusting planting
structures while considering the dissimilar financial limitations,
behavioral competencies, and subjective traits of small farming
households and large-scale ones. This paper uses scale cut-offs of 5,
8, 10, and 20 mu, and farmers with crop areas equal to or greater
than the cut-offs are classified as large households, while those with
smaller areas are classified as small. Group regression analysis has
been performed between FMOS and the proportion and area of
cereal cultivation. Table 4 shows that FMOS has a scale heterogeneity
effect on crop structure adjustment. Regarding the proportion of
grain cultivation, the impact of FMOS on the planting structure
adjustment of large-scale households is considerably less than that
of small farmers. Regarding the area under food cultivation, we have
not found FMOS to be statistically significant for the planting
structure adjustment of large-scale households. Conversely, FMOS
has a significant influence on the planting structure adjustment of
smallholders. Therefore, Hypothesis H3 is tested. Land fragmentation
is worse for small-scale producers in China. Small-scale farmers
often give up growing food because of low income and insufficient
labor. FMOS can pool dispersed land and operate it together, linking
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TABLE 3 Results of FMOS on cropping structure.

Pathway II: Self- The
Path I: EMOS effect of the Mediating = Sobel Test sampling proportion
’ ‘ conduction effect of Sobel . :
the effect on the e : o ( inspection of the
conduction Coefficient = mechanism Coefficient FMOS on test) (Bootstrap mediation
. on the lantin Z/p-
mechanism . P g (Z/p test) effect was
planting structure value) o D (%)
structure p °
Land preparation service 56.016%** Yield per mu — 0.001 %% 0.065%#* Z-value: 8.789 Z-value: 7.740 19.580%
B 0
— Average yield per mu (6.255) Grain planting ratio (0.000 02) (0.007) p-value: 0.000 p-value: 0.000
Fertilization service — 23.996%** Yield per mu — 0.001%** 0.028%** Z-value: 3.645 Z-value: 3.720 1845%
B 0
Average yield per mu (6.562) Grain planting ratio (0.00002) (0.007) p-value: 0.000 p-value: 0.000
Harvest service — 89,51 0% Yield per mu — 0.001 % 0.102%%* Z-value: 11.646 Z-value: 9.670 13.44%
B 0
Average yield per mu (7.421) Grain planting ratio (0.00002) (0.008) p-value: 0.000 p-value: 0.000
Land preparation service 56.016%** Yield per mu — 0.0093* 0.5497% Z-value: 6.927 Z-value: 6.680 69100
. 0
— Average yield per mu (6.255) Grain planting area (0.0008) (0.079) p-value: 0.000 p-value: 0.000
Fertilization service — 23.996%** Yield per mu — 0.009%** 0.235%%* Z-value: 3.470 Z-value: 3.540 Sa7a
. 0
Average yield per mu (6.562) Grain planting area (0.001) (0.067) p-value: 0.000 p-value: 0.000
Harvest service — 89.510%** Yield per mu — 0.009%** 0.8127%%* Z-value: 7.724 Z-value: 7.590 28.50%
B 0
Average yield per mu (7.421) Grain planting area (0.0009) (0.105) p-value: 0.000 p-value: 0.000

mu is a Chinese unit. One hectare is equivalent to 15 mu. ***]s significant at the significance level of 1%.

TABLE 4 The ERM regression results for planting scale heterogeneity.

Grain planting ratio

Variables
<8 mu >10 mu <10 mu
Land preparation 0.4977%#% 0.628%%* 0.457%* 0.576%%% 0.430%%* 0584 0.424%%* 1.024%#%
service (0.017) (0.047) (0.020) (0.033) (0.021) (0.029) (0.060) (0.001)
0.134%%* 0.198%#%* 0.133%%* 0.189%%* 0.134%%* 0.187%#%* 0.068 0.197%#%*
Fertilization service
(0.026) (0.056) (0.030) (0.037) (0.033) (0.034) (0.132) (0.026)
— 0.5247%#%* — 0.471%%* — 0.505%%* 0.212 1.024%%**
Harvest service
— (0.055) — (0.042) — (0.037) (0.162) (0.001)
: Grain planting area
Variable
<8 mu >10 mu
Land preparation 1.328 2,323 0.005 2.276%% 0.432 2.580%% 207307 28135
service (1.307) (0.459) (0.010) (0.333) (1.871) (0.335) (5.658) (0.436)
0.136 5,339k —1.054 4.446%%* —1.898 3.967%%* —5.579 9.758%##
Fertilization service
(1.035) (0.342) (1.221) (0.334) (1.403) (0.368) (5.267) (0.335)
3.254%%* 2.224%%* 2.676* 2.329%%% 1.930 2.835%%* 0.475 4.898%#%*
Harvest service
(0.927) (0.452) (1.383) (0.325) (1.709) (0.314) (9.617) (0.406)
Controlled variable Yes Yes Yes Yes Yes Yes Yes Yes
N 2,549 1,314 1,679 2,184 1,360 2,503 318 3,545

mu is a Chinese unit. One hectare is equivalent to 15 mu. *** And * are significant at the significance level of 1 and 10%.

labor constraints and boosting food production. The lack of leading them to prefer self-purchasing of farm machinery over
significant effect of FMOS on planting structure adjustment of large-  using FMOS.

scale households may be attributed to their relatively higher financial

resources and behavioral capabilities, leading them to prefer self-

purchasing farm machinery over using FMOS. It is suggested that 4.4 Robustness tests

the lack of significant effect of FMOS on planting structure

adjustment of large-scale households may be attributed to their This paper replaces the core explanatory variables to check for
relatively higher financial resources and behavioral capabilities,  robustness. We use the number of FMOS to replace FMOS, subdivided
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into the level of service of land preparation, the level of service of
fertilizer application, and the level of service of harvesting. We take the
number of its adoption as a measure. As shown in Table 5, the number
of FMOS significantly positively affects planting structure adjustment,
which indicates the robustness of the previous regression results.
Similarly, we substitute the number of FMOS for FMOS and rerun
the regression model for mediated effects. Table 6 shows a significant
correlation between grain production efficiency and FMOS at the 1%
statistical confidence level. FMOS facilitates structural adjustments in
planting by improving grain production efficiency, which aligns with
the results of the previous section’s mediated effect regression, thus
demonstrating the robustness of the benchmark regression findings.
We conducted a robustness test for the regression results of scale
heterogeneity. Table 7 reveals that the impact of FMOS quantity on the
proportion and area of grain cultivation displays scale heterogeneity.
This outcome supports the previous benchmark regression results,
indicating that the paper’s conclusions are robust. Regarding the
percentage of grain cultivation, the impact of FMOS quantity on the
planting structure adjustment for large-scale households is less

TABLE 5 Results of the ERM regression.

Variables Grain planting Grain planting
ratio area
Land preparation service 0.647% —1.249
level (0.054) (1.261)
0.1947%#%* 2.048%*
Fertilization service level
(0.032) (0.905)
0.8747%#%* 9.8217%%*
Harvest service level
(0.051) (1.243)
Controlled variable Yes Yes
N 3,863 3,863

##% And ** are significant at the significance level of 1 and 5%.

10.3389/fsufs.2024.1365576

significant than for small farmers. Additionally, the significance of
FMOS quantity on the planting structure adjustment for large-scale
households remains the same with the scale of operation expansion.
Concerning the surface area used for food cultivation, an increase in
the number of FMOS hinders the adjustment of cultivation structures
in large-scale households. However, it still has a notable positive effect
on the adjustment of cultivation structures in small-scale households.

4.5 Further discussion of scale
heterogeneity

The regression results presented earlier indicate that FMOS does
not significantly contribute to the planting restructuring of large-scale
households. However, it does have a significant impact on small-scale
farmers. This may be because larger farms prefer to purchase their
farm machinery rather than rely on FMOS. To confirm this hypothesis,
this paper examines the trend of self-purchase of farm machinery
among large households. Taking the cultivation area for grain as an
example, farmers’ purchased farm machinery can be categorized into
land preparation, fertilizer application, and harvesting machinery. The
level of farm machinery purchased by farmers is then used in
comparative regression to ensure the accuracy of the regression
results. The degree of farm machinery ownership signifies the
proportion of work volume utilizing personal equipment in this
production sector. The sector is categorized based on the degree of
land preparation, fertilizer application, and harvesting equipment
purchased by the producer. As shown in Table 8, the acquisition of
farm machinery by large-scale households, whether self-purchased or
not, significantly influences the adjustment of their planting structure.
This finding contrasts the previous section’s insignificant effect of
FMOS on the planting structure of large-scale households. Therefore,
we have confirmed the presence of scale heterogeneity in the effect of
FMOS on planting structures.

TABLE 6 Regression results of mediation effect of agricultural machinery outsourcing service level on planting structure.

Pathway II: Self- The
Effect of the Mediatin Sobel Test  samplin :
Path I: FMOS, the . g SaMPANG 4 hortion
effect on the conduction effect of (Sobel inspection of the
: Coefficient mechanism Coefficient FMOS on test) (Bootstrap o
conduction : mediation
: on the planting (Z/p- test)
mechanism : effect was
planting structure value) (Z/p- %
(%)
structure value)
Level of land preparation 47,239 Yield per mu — 0.001 %% 0.055%%% Z-value: 7.521 Z-value: 6.720 S027%
.. 0
service — Average yield per mu (6.196) Grain planting ratio (0.000 02) (0.007) p-value: 0.000 p-value: 0.000
Fertilization service level — 20.942%%* Yield per mu — 0.001#* 0.025%# Z-value: 3.146 Z-value: 3.220 19865
o 0
Average yield per mu (6.641) Grain planting ratio (0.000 02) (0.007) p-value: 0.001  p-value: 0.001
Harvest service level — Average 80.334%** Yield per mu — 0.001%#%* 0.093 %% Z-value: 10.751 Z-value: 9.210 15370
.. 0
yield per mu (7.257) Grain planting ratio (0.000 02) (0.008) p-value: 0.000 p-value: 0.000
Level of land preparation 47.239% %% Yield per mu — 0.010%** 0.472%%% Z-value: 6.297 Z-value: 6.160 218.50%
18.50%
service — Average yield per mu (6.196) Grain planting area (0.000 8) (0.075) p-value: 0.000  p-value: 0.000
Fertilization service level — 20.942%%* Yield per mu — 0.009%** 0.206%** Z-value: 3.032 Z-value: 3.220 25.14%
. 0
Average yield per mu (6.641) Grain planting area (0.000 8) (0.068) p-value: 0.002  p-value: 0.001
Harvest service level — Average Yield per mu —
80.334%% 0.009%33* 0.750%33 Z-value: 7.564 Z-value: 7.170 33.76%
yield per mu Grain planting area

mu is a Chinese unit. One hectare is equivalent to 15 mu. *¥*, *¥ And * are significant at the significance level of 1, 5, and 10%.
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TABLE 7 The ERM regression results for scale heterogeneity.

Grain planting ratio

Variables
<8 mu >10 mu

Land preparation 0.444% 5 0.797% 5 0.326% % 0.769% 5 0.228:%# 0.773%# 0.030 0.684°
service level (0.056) (0.107) (0.069) (0.072) (0.077) (0.066) (0.216) (0.056)
Fertilization service 0.161%# 0.120% 0.170% 5 0.161%# 0180 0.163%% 0.095 0.205% 5
level (0.034) (0.063) (0.040) (0.046) (0.044) (0.042) (0.101) (0.034)

0.947% 5 0.661% 0.927% 5 0.764% 5 0.839%# 0.798:#35 0.405 0.8877%
Harvest service level

(0.072) (0.094) (0.100) (0.064) (0.118) (0.060) (0.283) (0.052)

: Grain planting area
Variables
<8 mu >10 mu >20 mu

Land preparation —5,632%# 6.145% 5 —7.511%% 5.160%* —11.158%%* 4,728 —31.436 2,673
service level (1.842) (1.058) (2.975) (0.673) (3.981) (0.631) (20.029) (0.844)
Fertilization service —0.320 2,954 -1.716 3.035%# -3.629 3,320 —14.384% 4,603
level (1.237) (0.687) (1.785) (0.489) (2.231) (0.467) (8.354) (0.630)

8.0427%5% 5.026% % 6.825% 5,263 3.993 5,799 —-18.927 9.698°%
Harvest service level

(2.091) (0.966) (3.461) (0.630) (4.552) (0.609) (21.527) (0.859)
Controlled variable Yes Yes Yes Yes Yes Yes Yes Yes
N 2,549 1,314 1,679 2,184 1,360 2,503 318 3,545

mu is a Chinese unit. One hectare is equivalent to 15 mu. ***, **, And * are significant at the significance level of 1, 5, and 10%.

TABLE 8 ERM regression results of agricultural machinery purchased by scale households.

Variable Grain planting area

>8 mu >10 mu
Self-purchase and preparation of - 8.377% 8.540%#* 19.673%#%
agricultural machinery _ (1.376) (1.614) (5.721)
Self-purchase fertilization 15.424%5% 17.223%#% 18.141%#% —5.528
agricultural machinery (0.890) (1.150) (1.330) (5.961)

Buy and harvest agricultural - — — —

machinery _ _ _ _

Grain planting area

Variable

>8 mu >10 mu
Core explanatory variables
Purchase from the preparation of 34.796%%* 33.583%%* 32,974k 55.442%%
agricultural machinery level (3.428) (4.851) (5.420) (26.677)
Self-purchased fertilization of 26.730%%* 18.622%%% 12.928%* —18.690
agricultural machinery level (3.587) (4.886) (5.669) (17.205)
Purchase and harvest agricultural 90.003%#* 80.761%* 79.232%% 103.350*
machinery level (13.337) (16.971) (18.945) (59.666)
Controlled variable Controlled Controlled Controlled Controlled
N 2,549 1,679 1,360 318

mu is a Chinese unit; 1 hectare is equivalent to 15 mu. ***, **, And * are significant at the significance level of 1, 5, and 10%.

5 Conclusions and im P lications mechanism of the impact of FMOS on planting structure adjustment
using the ERM method and the mediated effects method and further
5.1 Conclusion examine the differences in the results under heterogeneity in the scale of

operation of farmers. Our findings indicate that FMOS significantly
In this paper, we use data from the 2017 questionnaire survey of  positively affects the adjustment of cropping structure towards the grain.
wheat-producing farmers in China to empirically analyze the role =~ Among the various service segments, fertilizer application service
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significantly increased the area planted to grain. FMOS contributed to the
cropping structure’s adjustment by enhancing grain productions
efficiency. The effect of FMOS on the adjustment of cropping structure
was heterogeneous in terms of scale. For large-scale households, the effect
of FMOS on planting structure adjustment is not apparent, but it has a
significant positive effect on small-scale farmers. The main reason for this
is that the financial rigidity constraints of large-scale households are weak,
favoring the choice of self-purchasing farm machinery over FMOS.

5.2 Policy implications

The development of FMOS is of great importance for improving
food security in developing countries. With the acceleration of the
non-farm transfer process of rural labor, labor-intensive services such
as land preparation and harvesting services are widely used in
agricultural production. However, the popularity of technology-
intensive services such as fertilizer application services must catch up.
Fertilizer application services drive grain production efficiency,
profoundly affecting planting structure adjustment. Therefore, when
promoting FMOS, the government should focus on the coordinated
development of various types of services, appropriately guide farmers
to increase the use of fertilization services, set up particular subsidy
policies, strengthen the subsidy, and build a two-way guarantee
mechanism between the main body of the service supply and farmers.

FMOS only affects small farmers for planting structure adjustment
and does not apply to large-scale households. For large-scale households,
purchasing their farm machinery is more likely to prompt planting
structure adjustment. In guiding farmers towards restructuring
cultivation for grain production using FMOS, the government should
differentiate between small-scale and large-scale farmers and adopt
distinct subsidy policies. The government should prioritize providing
subsidies for buying farm machinery for larger households. They should
also direct them to purchase machinery instead of opting for FMOS. For
smaller farmers, the government should provide subsidies for
FMOS. This will enable them to participate in social services more and
improve their production efficiency. It will also promote the adjustment
of the cropping structure to grain production.
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