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Abstract: Based on the survey data of 5 large grain-producing provinces in China, this paper studies
the effect of agricultural production trusteeship on agricultural carbon emission reduction by using
a propensity score matching method. The empirical results show that the carbon emission of wheat
reduces by 7.107kg/mu, with a decrease rate of 15.5% after participating in agricultural production
trusteeship. Among them, chemical fertilizers, manpower input, agricultural chemicals and diesel
oil respectively reduces with rates of 14.2%, 27.7%, 14.1%, and 6%. However, there are differences
in the facilitation effects of different trusteeship services, with the best promotion effect of field
management services, followed by cultivation, planting and harvest services, and then agricultural
material supply services, the ATT is -6.160, -5.732 and -5.530, respectively. Meanwhile, there are
differences in the promotion effects for farm households with different factor endowments. The
promotion effect is better for small farm households with 1 type of agricultural machinery or less,
and an operation scale of 7 mus or less. Therefore, in order to better play the role of agricultural
production trusteeship on agricultural carbon emission reduction, the government should
vigorously support its development and guide more smallholders to choose agricultural production
trusteeship.

Keywords: agricultural production trusteeship; agricultural carbon emission reduction; propensity
score matching (PSM)

1. Introduction

While the traditional mode of economic development promotes the high-speed development of
China’s economy, it also brings serious problem of environmental pollution because of excessive
carbon emission [1], which has affected the sustainable development of China’s economy and society
and has aroused the government’s high attention [2]. China has been promoting green development
with unprecedented determination and strength, and formally put forward the goal of “carbon peak”
in 2020. At present, China’s agricultural carbon emission accounts for 16-17% of the national total
carbon emission [3], which is higher than that of the world average level. Therefore, in order to
achieve the carbon peak target, China should not only focus on lowering the industrial carbon
emission reduction, but also promote the agricultural carbon emission reduction [4].

How to promote agricultural carbon emission reduction? Some of the studies emphasize the role
of the government, believing that the government should increase the intensity and efficiency of its
financial support and promote green and low-carbon technologies [5]. Another of the studies propose
to vigorously stimulate the spontaneous power of the agricultural operation entities, emphasizing
the promotion of the operation entities” willingness of green production and use of green production
technologies [6,7]. However, due to the farm households” low willingness and weak capability of
adopting green technologies, and due to the insufficient precision of government subsidies [8], it is
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difficult for the green development of agriculture and it is difficult to “finish the last mile” to bring
green technologies into effect. Meanwhile, researchers also find that socialized agricultural service
organizations are readier to respond to the government’s green subsidy policy and are willing to
adopt the mode of green service. And while they provide services for the agricultural operation
entities, they can introduce green technology into agricultural production, alleviating the difficulties
in implementing green technologies [9,10].

Existing literatures affirm the role of socialized agricultural service in promoting the green
development of agriculture. However, can the application of agricultural green technology promote
agricultural carbon emission reduction? And what will be the effect? At present, these issues are
attracted little concern. As a kind of professional, one-stop and all-inclusive socialized service,
agricultural production trusteeship has developed into the most important form of socialized service
in China. By the end of 2021, the area under agricultural production trusteeship has exceeded 1.67
billion mu in China’, with more than 78 million small-scale farm households being served?. Can this
form of socialized service better introduce green production technology into agriculture and promote
agricultural carbon emission reduction more comprehensively and efficiently? This paper will study
this issue and further explore the heterogeneity of the promotion effect, then accordingly, suggestions
will be provided in order to better promote agricultural carbon emission reduction.

The chapters of this paper are structured as follows: first, literature review and theoretical
framework. This part mainly reviews the definition of carbon sources, measurement of carbon
emission, and the relationship between agricultural socialized services and carbon emission
reduction. Next, the data sources, measurement model, and variable selection of this paper are
introduced. Then, the empirical study is conducted. This section includes the overall promotion and
heterogeneous effects of agricultural production trusteeship on agricultural carbon emission
reduction. Finally, the study findings are summarized and policy recommendations are provided.

2. Literature Review and Theoretical Framework
2.1. Literature Review

2.1.1. The definition of carbon sources and the measurement of carbon emission

The carbon sources should be defined first in the study of agricultural carbon emission. This
paper is concerned with agriculture in a narrow sense, i.e. planting, which generally has three carbon
sources: carbon emission from the use of production factors, such as the use of inputs and fossil fuels
[11,12]; carbon emission from the production process, such as farming, irrigation and other
production operations [13,14]; and carbon emission from the agricultural waste treatment, which is
mainly caused by the burning of straws [15,16]. Since straw burning is by law prohibited in China,
the carbon sources for China’s planting industry roughly include the use of fertilizers, pesticides,
diesel oil and manpower in the production process. There are three main ways to measure carbon
emission [17]. The IPCC method is mainly adopted to measure the carbon emission of planting
industry and breeding industry, and its calculation is performed according to classifications, with
clear items. The Input-output (I-O) method is easy to use, but input-output data are not readily
available [18,19]. The Life Cycle Analysis method (LCA) is utilized to calculate the carbon emission
in the whole cycle of agricultural production, which can give an extensive and comprehensive
investigation, but the operation is complicated [20,21]. In China, agricultural production trusteeship
mainly serves field crops, and the straw treatment is relatively mature, so it is not easy to cause
obvious post-harvest carbon emission. Therefore, based on the consideration of comprehensiveness
and simplicity, IPCC method is chosen in this paper to calculate the carbon emission of the above
four carbon sources.

! In China, the unit of land area in statistics is usually "mu"(1 mu=666.67m?), so the land area in this paper is
expressed in mu.
2 Ministry of Agriculture and Rural Affairs of the People’s Republic of China:
https://baijiahao.baidu.com/s?id=1722458574626137471&wfr=spider&for=pc
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2.1.2. Relationship between agricultural socialized services and agricultural carbon emission
reduction

Some studies show that socialized agricultural services can reduce the input of chemicals such
as fertilizers and pesticides, with the socialized services being accepted by more and more farm
households [22,23]. Other studies conclude that the formula fertilization technology can reduce the
input of carbon-containing production factors, improve fertilizer utilization and reduce fertilizer
consumption [24]. Technologies such as physical and biological prevention and control, as well as
unified prevention and control can improve the efficiency and reduce the amount of the pesticides
used [25]. Conservation farming technologies have environmental benefits such as reducing
greenhouse gas emission and energy consumption [26].

2.1.3. Literature review and the main contributions of this paper

Some studies have been carried out focusing on the question of “agricultural socialized service
promoting agricultural carbon emission reduction”. But there are still some shortcomings. For
example, the existing literatures either only unilaterally studies agricultural carbon emission
reduction, or only separately studies the impact of socialized services on the adoption of agricultural
green technologies. In addition, regarding how to promote agricultural carbon emission reduction
through socialized services, previous studies mainly focus on the emission reduction effect of single
services on a single carbon source. However, in the face of the new requirements of the goals of
carbon peak and the new development of China’s agricultural socialized services, further researches
have to be done.

A more comprehensive and systematic study will be conducted in this paper. The main
contributions of this paper include: firstly, we will select a one-stop and all-inclusive form of
socialized services, agricultural production trusteeship, and study how it can promote carbon
emission reduction from four agricultural carbon sources. Second, we will further examine the
heterogeneity of agricultural carbon emission reduction effects from the aspects of different carbon
sources, different services and different farm households.

2.2. Theoretical framework

Agricultural carbon emission mainly comes from agricultural material input, agricultural
machinery usage and manpower input in agricultural production process [27], so chemical fertilizers,
pesticides, diesel oil and labors are the main carbon sources. Agricultural production trusteeship
organizations can adopt green production technologies such as soil testing-based formula
fertilization, simultaneous sowing of seeds and fertilizers, deep tillage and deep loosening, and
unified prevention and control for agricultural production [28-30]. The adoption of green production
technologies can not only reduce the amount of the input, but also improve its efficiency [31], thus
reducing agricultural carbon emission. The specific framework is shown in Figure 1.
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Figure 1. Mechanism diagram of agricultural production trusteeship affecting agricultural carbon

emission reduction.
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2.2.1. Effect of chemical fertilizers reduction

Agricultural production trusteeship organizations take advantage of their large-scale services to
implement precise fertilization using the soil testing-based formula to avoid repeated fertilizer input
[24]. At the same time, they can realize simultaneous sowing of seeds and fertilizers through unified
purchase of seeds and fertilizers and the work of large-scale agricultural machinery, so as to reduce
fertilizer loss and ensure slow releasing of fertilizers, thus to reduce the fertilizer consumption in the
whole production cycle [32]. In addition, they also adopt deep ploughing and deep loosening
technology to improve soil fertility; in the selection of fertilizers, organic fertilizers with long-time
effect and low pollution shall be selected as far as possible to reduce the application of chemical
fertilizers [33]. Through the use of precise and efficient fertilization technology and the substitution
of organic fertilizers, agricultural production trusteeship can effectively reduce the input of chemical
fertilizers and reduce the carbon emission generated by the use of chemical fertilizers [34].

2.2.2. Effect of pesticides reduction

Trusteeship organizations usually formulate scientific plant protection schemes according to
crop growth conditions and conditions of diseases, pests and weeds. Before problems of diseases,
pests and weeds become serious, unified and efficient prevention and control technology will be
adopted in order to reduce the using a large amount of agricultural chemicals [35]. Meanwhile, the
united prevention and control measures for adjacent plots reduce the possibility of cross-infection of
crops between plots, thus reducing the number of prevention and control and the amount of
agricultural chemicals used. In addition, agricultural production trusteeship organizations also use
physical prevention and control technologies such as trapping and killing, and biological prevention
and control technologies against insects to safely and efficiently control diseases and pests, and
meanwhile reduce the use of agricultural chemicals [36,37]. In summary, the trusteeship
organizations can effectively improve the efficiency of agricultural chemicals use and reduce
agricultural chemicals consumption by adopting unified prevention and control technology and
physical and biological prevention and control technology, thus can reduce the carbon emission
caused by the use of agricultural chemicals.

2.2.3. Effect of diesel oil reduction

Because of farm-time constraints and cost-saving motivation, trusteeship organizations usually
rely on the advantage of large scale and use large and medium-sized agricultural machinery. Large
and medium-sized agricultural machinery can reduce diesel consumption per mu of arable land
through efficient operation [38]. At the same time, the large-scale agricultural machinery service will
greatly reduce the losses of agricultural machinery when transferring from one plot of field to
another, and reduce the amount of diesel oil used. In summary, agricultural production trusteeship
improves the operation efficiency of agricultural machinery and reduces the transfer losses, so that
the diesel consumption per mu of arable land is greatly reduced, and the carbon emission caused by
the use of diesel oil is reduced. Of course, the wider use of agricultural machinery can also lead to an
increase in diesel consumption, which in turn may weaken the carbon reduction effect of the
reduction in diesel consumption per mu [39].

2.2.4. Effect of manpower reduction

The foundation and advantage of agricultural production trusteeship is large-area, multi-stage
mechanized services, which not only reduces the manual input in individual production stages, but
also reduces the stages of manual operation through intelligent and united operation technologies.
For example, the mechanized operation service of the ploughing, sowing and harvesting link can
greatly reduce the manpower input and thereby reduce the carbon emission of human activities
during the farm work.
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3. Data Sources, Measurement Model and Variable Selection

3.1. Data Sources

The data used in this paper are from the survey data from wheat growers in Henan, Shandong,
Hebei, Anhui and Jiangsu provinces from January to February 2020. Since wheat is the most
important grain crop in China, and it is also the most important crop under agricultural production
trusteeship services, wheat growers are selected in the research. In 2019, the planting area and yield
of wheat in these five provinces accounted for about 72.5% and 80% respectively in China®, which
can well reflect the basic conditions of wheat planting in China. At the same time, the development
of agricultural production trusteeship in these provinces starts earlier and the development level is
higher. Therefore, this paper chooses these five provinces for study. The paper adopts a combination
of stratified sampling and random sampling methods. In order to make the samples representative
of different regional characteristics and different economic levels, we first selected 3 counties (or cities
or districts) in each province where agricultural production trusteeship is developed. Then from each
of the counties (or cities or districts) we further selected 3 townships (or towns) where agricultural
production trusteeship is developed, and then from each of the 3 townships (or towns), we further
again selected 2 administrative villages where agricultural production trusteeship is developed, and
finally from each of the administrative villages 10-18 wheat-growing households were randomly
selected. The research was conducted by means of one-to-one interviews with the farm households,
with questions in the questionnaires asked and with questionnaires filled in personally by us
researchers ourselves. The questions included in the questionnaires are related to individual
characteristics of the head of a household, family characteristics, household operation characteristics,
social relationship characteristics, organizational characteristics, the households’ purchase of
agricultural production trusteeship services, etc. After screening and excluding the invalid
questionnaires, 1245 questionnaires are obtained, with an effective rate of 92.22%.

3.2. Measurement model

The farm household’s behavior of purchasing agricultural production trusteeship services is
affected by the individual characteristics of the head of the household, the family characteristics of
the household and operation characteristics of the household. These characteristics will also affect
the carbon emission of agricultural production of the household. Therefore, there exists an
endogenous problem in the study of the effect of agricultural production trusteeship on agricultural
carbon emission. In addition, before and after the farm households purchase the trusteeship services,
the control variables may change, resulting in the control variables uncontrollable. Therefore, for the
farm households who have already purchased the services, their situation before their purchase of
the services can only be simulated. In order to solve the above-mentioned problems, this paper will
adopt the propensity score matching (PSM) method.

First, the decision-making equation of a farm household’s purchasing agricultural production
trusteeship services is constructed, and the conditional probability fitting value of the farm
household’s purchasing agricultural production trusteeship is taken as a propensity score, and is
estimated through a Logit model:

p(x;) =p(D; = 1|x;) 1)

where, i represents a different farm household, D; =1 denotes the farm household i has
purchased agricultural production trusteeship services, and x; is a series of control variables that
may affect the farm household i’s purchase of the services.

After obtaining the propensity score, the sample farm households are divided into the
experimental group (the farm households who have purchased the services) and the control group
(the farm households who have not purchased the services) by constructing the anti-factual analysis

3 The data are from the statistical yearbooks of Shandong, Hebei, Henan, Anhui, and Jiangsu provinces and
from the 2020 National Statistical Yearbook of China.
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framework. Since the data of the experimental group when they have not purchased the trusteeship
services are not measurable, the sample households with similar characteristics are found in the
control group by the matching method, and the experimental group and the control group are
matched. In order to ensure the robustness of the matching results, five methods, i.e. K-nearest
neighbor matching (k=4), caliper matching, kernel matching, local linear regression matching and
spline matching, are used to estimate the results. After propensity score matching, the Average
Treatment Effects (ATT) on the farm households who have purchased the agricultural production
trusteeship services are expressed as:

ATT = E(Yy; — Yol D; = 1) )

where Y;; represents the carbon emission of the farm household i in the experimental group who
has purchased the agricultural production trusteeship services, and Y,; represents the carbon
emission of the farm household i before his purchasing the trusteeship services. The difference
between the average treatment effects of the two samples is regarded as the net effect of agricultural
production trusteeship on agricultural carbon emission reduction.

3.3. Variable Selection

3.3.1. The explained variable

The explained variable is the agricultural carbon emission of farm households in the process of
planting wheat, measured by the average carbon emission per mu of wheat. Generally speaking, the
carbon emission in wheat production mainly comes from the application of chemical fertilizers and
pesticides, the consumption of diesel oil for agricultural machinery, the consumption of electric
power for irrigation, manpower input and straw burning. According to the estimation of researchers,
in China, the carbon emission of chemical fertilizers accounts for more than 50% of agricultural
carbon emission; the carbon emission of diesel oil and pesticides accounts for 20-30%; and the carbon
emission caused by irrigation accounts for only 1%-2% [42,43]. Therefore, this paper focuses on the
carbon emission of chemical fertilizers, pesticides and diesel oil. At the same time, agricultural
production trusteeship services can greatly reduce manpower input, so manpower input is also
selected as one of the focuses of this research. In addition, in 2021, the returning rate of wheat straw
in China is as high as 73.7%?, and the returning rate of wheat straw of the sample farm households is
more than 95%. Therefore, the carbon emission caused by straw burning will not be studied in this
paper. So, we have focused on the carbon emission caused by chemical fertilizers, pesticides, diesel
oil and manpower input, and we have measured the carbon emission of the four carbon sources by
adopting IPCC method [44], meanwhile referring to the carbon emission coefficients issued by
various authorities. The calculation formula is as follows:

E=)F=)@xT) 3)

where, E is the total agricultural carbon emission per mu, E; is the average carbon emission per mu
of i agricultural carbon sources, T; is the average consumption per mu of i agricultural carbon
sources, and §; is the carbon emission coefficient of i agricultural carbon sources, as shown in Table
1.

Table 1. Carbon Sources, Coefficients and Reference Sources for Agricultural Carbon Emissions.

Carbon source Carbon emission factor Source of coefficient
Chemical fertilizer 0.8956 kg/kg T. ©. West, Oak Ridge National
Laboratory
Pesticide 4.9341 kg/kg Oak Ridge National Laboratory
Agricultural diesel oil 0.5927 kg/kg IPCC
Manual input 10.5 kg/man-day IPCC

* Chinese government website: http://www.gov.cn/xinwen/2022-10/10/content_5717116.htm
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3.3.2. The core explanatory variable

This paper focuses on the promotion effect of agricultural production trusteeship on agricultural
carbon emission reduction. Therefore, the purchase of agricultural production trusteeship services is
taken as the core explanatory variable. According to the link or content, trusteeship services can be
divided into agricultural materials supply services, ploughing, sowing and harvesting services and
field management services. In wheat farming, most farm households need agricultural materials
supply services and ploughing, sowing and harvesting services, which can be purchased from the
same trusteeship organization or from multiple trusteeship organizations. Because the trusteeship
services emphasize a one-stop and multi-links mode, this paper defines the farm households who
have purchased agricultural production trusteeship services as “those who have purchased the
services for two or more links from the same trusteeship organization”.

3.3.3. Control variables

With regard to the factors affecting agricultural carbon emission and the demand of purchasing
agricultural production trusteeship, based on the above theoretical analysis and referring to the
related researches, this paper selects 12 variables from the following five aspects: individual
characteristics of the head of a farm household (age and education level), household characteristics
(the proportion of grain income, types of agricultural machinery, the number of labor force, and the
part-time employment or business conditions), operation characteristics (the scale of operation,
degree of land fragmentation, land quality), characteristics of social relations (whether relatives or
friends work as civil servants, and whether family member work in agricultural enterprises), and
organizational characteristics (join a cooperative or not). The definition and descriptive statistics of
all the above 15 variable are each shown in Table 2.

Table 2. Variable Definition and Descriptive Statistics.

Mean Standard

Variable Name Variable Description ..
value deviation

Explained variable
Average carbon emission per mu of wheat

Agricultural carbon emissions 42.666 5.072
(kg/mu)
Explanatory variable
Whether to purchase . .
agricultural production Whether to purchase agricultural production 0.422 0.494

. . trusteeship services: Yes=1; No=0
trusteeship services

Control variable
Age Age (years) 55.271 10.016
Education level: primary school and below=1;
junior high school=2; secondary school and
technical secondary school=3; college and
above=4

Level of education 1.592 0.669

Proportion of food income in total household
Proportion of food income income: [0, 10%)=1; [10%, 20%)=2; [20%, 30%)=3; 2.749 1.484
[30%, 50%)=4; 50% and above=5

Type of agrlcultural Household-owned farm machinery type (types) 1.283 1.798
machinery
Number of labor force Number of labor force in the household 2.991 0.693
Whether family members went out for work or
Concurrent-business situation business in the past year: 0.710 0.454
Yes=1; No=0

Operating scale Area of wheat planted by the farmer (mu) 22556  113.556
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Number of plots in which the farmer grow

Degree of land fragmentation , 0.529 0.475
wheat/scale of operation
Land quality Self-assessment of cultivated land quality: 2286 0.652
poor=1; average=2; good=3
Do relatives and friends have =~ Whether relatives and friends work as civil
.y 0.415 0.493
civil servants servants: Yes=1; No=0
Does the family member Does family members work in agricultural
o o . 0.080 0.271
Working in an agribusiness enterprises: Yes=1; No=0
D family join th ive: Yes=1;
Join a cooperative or not oes your family join the cooperative: Yes=l; 0.456 0.498

No=0

4. Empirical Test on Agricultural Production Trusteeship’s Promoting Effect on Carbon Emission
Reduction

4.1. Logit model estimation of farm households’ decision-making in purchasing agricultural production
trusteeship services

A farm household’s decision-making in purchasing agricultural production trusteeship services
is significantly related to the individual characteristics of the head of the household and the family
characteristics, the operation characteristics, the characteristics of social relations and the
organizational characteristics of the household. As shown in Table 3, there is a significant positive
correlation between the purchase of production trusteeship services and the age, the level of
education, the part-time employment or business conditions of the head of the household members,
whether or not the household has relatives or friends working as civil servants, and whether or not
the household has joined a cooperative. And the proportion of grain income, the types of agricultural
machinery owned, the number of labor force, the degree of land fragmentation and the land quality
negatively affect the household’s behavior of purchasing the trusteeship services.

Table 3. Logit Model Estimation of Farms' Agricultural Production Trust Purchase Decision.

Index Coefficient Standard deviation Z value
Age 0.0227%** 0.007 2.90
Level of education 0.4807*** 0.113 4.26
Proportion of food income -0.179*** 0.059 -3.04
Type of agricultural machinery -0.376*** 0.052 -7.20
Number of labor force -0.141 0.114 -1.23
partime-business situation 0.683** 0.176 3.87
Operating scale 0.0001 0.001 0.08
Degree of land fragmentation -3.091%** 0.321 -9.62
Land quality -0.244** 0.106 -2.31
Do relatives and friends work as civil 0.649%%* 0214 3.04
servants
Do family members .work in leading 0115 0275 042
enterprises

Join a cooperative or not 1.376*** 0.206 6.67
Constant term -0.289 0.754 -0.38

LR statistics 404.87

Pseudo R’ 0.2387

Sample Size 1245

Note: *, **and***indicate significant at 10%, 5% and 1%, respectively.
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4.2. Common Support Domain and Balance Test

4.2.1. Common Support Domain

In order to ensure sample matching quality, after obtaining the propensity score of a farm
household’s decision of purchasing agricultural production trusteeship services, it is necessary to
further discuss the common support domain after sample matching. As shown in Figure 2 (a), the
overlapping area between the experimental group and the control group before matching is small.
After matching, as shown in Figure 2 (b), the overlapping area of the probability distribution of the
experimental group and the control group propensity matching score becomes larger, and the peak
value of the control group moves backward, and the difference between the two groups is
significantly smaller. After matching, 9 samples are lost, including 2 in the experimental group and
7 in the control group. The loss rate is only 0.7% and the matching effect is ideal.

Before Matching After Matching
o~
oA
o |
v | -
g g
: :
21 2"
[} 7]
& §
° °
x x
Le 0
] o
0 2 4 6 8 1 0 2 4 6 8 1
Pscore> Pscore
i Treat  ===-eee- Control [ Treat -==-=--=- Control
(a) (b)

Figure 2. Density Function Diagram of Framer’s Household Inclination Score before and after
Matching: (a) Before matching; (b) After matching.

4.2.2. Balance test

When the sample matching is completed, the statistical significance of the differences of the
control variables between the experimental group and the control group shall be further verified by
the balance test. The results are shown in Table 4. The mean deviation of the control variables before
matching is 26.8% and decreased to 3.6%-5.7% after matching. The median deviation also decreases
from 16.6% before matching to 3.4%-4.0% after matching. In addition, the p-value indicates that the
significance test of the control variables is significant before matching, but the sample is rejected with
high probability after matching. Furthermore, the Pseudo is reduced from 0.228 before matching to
0.004-0.010 after matching. The above results show that the differences of the control variables
between the experimental group and the control group decrease significantly and the model
matching results are ideal.

Table 4. Stationarity Test Results.

. . .. Mean Median
Matching method Pseudo LR statistics  P-value Deviation (%) Deviation (%)
Before Matching 0.228 385.97 0.000 26.8 16.6
K-Nearest Neighbor ) 636 0.897 3.6 3.4
Matching
Caliper Matching 0.008 11.13 0.518 4.8 3.8

Core matching 0.007 10.20 0.599 49 4.0
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Local linear
regression matching
Spline matching 0.010 14.55 0.267 5.7 3.9

0.010 14.55 0.267 5.7 39

4.3. The test of agricultural production trusteeship’s effect on promoting agricultural carbon emission
reduction

4.3.1. Overall effect of agricultural production trusteeship on promoting agricultural carbon
emission reduction

In order to ensure the robustness of regression results, five matching methods, i.e. K-nearest
neighbor matching (k=4), caliper matching, kernel matching, local linear regression matching and
spline matching, are adopted to calculate the ATTs to quantify the effect of agricultural production
trusteeship on agricultural carbon emission reduction. As shown in Table 5, all five matching
methods demonstrate that the effect of agricultural production trusteeship on agricultural carbon
reduction is significant.

In terms of the overall effect, the total carbon emission of the farm households who have
purchased the trusteeship services is about 38.785 kg/mu. Compared with before they purchase the
trusteeship services, the carbon emission of wheat after they purchase the services is reduced by 7.107
kg/mu, with the carbon emission reduction range of 15.5%. The above conclusions are in good
agreement with other relevant studies. Qing et al. (2023) [38] found that the use of no-tillage
technology, organic fertilizer application technology and straw returning technology of the farm
households who have purchased socialized services is 10-15 percent higher than that of those who
have not. Gan et al. (2014) [45] found that conservation tillage technology is beneficial for reducing
agricultural carbon emission, and after adopting the technology, the greenhouse gas emission of
winter wheat in Canadian experimental fields in normal years is 577 kg/ha (38.5 kg/mu). After
receiving the trusteeship services, the carbon emission of winter wheat in China is 581.77 kg/ha (38.8
kg/mu) in this study, which is consistent with the above comparative analysis.

Table 5. Overall effect of agricultural production trusteeship on promoting agricultural carbon
emission reduction.

K- Local li
Matching l\.Iearest Caliper . oca 11.1ear Spline Mean
Neighbor . Core matching regression .
method . Matching . matching  value
Matching matching
Total carbon emissions
Experimental 50 /g5 38.785 38.785 38.785 38785  38.785
group
Control group  45.878 45.777 45.840 45.888 46.078 45.892
ATT . -6.9917(0.261) -7.054™ (0.2 -7.103™(0.287) -7.293™ (0.2 -7.107
7.092" (0.394) 6.991"(0.261) -7.054™(0.296) 03"(0.287) 93"*(0.285) 0

Note: ***denotes significant at 1% level; standard errors obtained by self-service method for 400 repeated
samples is presented in parentheses

4.3.2. Effect of agricultural production trusteeship on promoting carbon emission reduction of
different carbon sources

At the same time, it is found in this study that the effects of agricultural production trusteeship
services on the emission reduction of different carbon sources are different. As shown in Table 6, the
carbon emission generated by chemical fertilizers, manpower input, agricultural chemicals and diesel
oil is reduced by 4.506 kg/mu, 2.012 kg/mu, 0.307 kg/mu and 0.282 kg/mu respectively, with decrease
rates of about 14.2%, 27.7%, 14.1%, and 6% respectively. In terms of absolute reduction quantity and
magnitude, agricultural production trusteeship has the best effect on promoting carbon emission
reduction through chemical fertilizer reduction and manpower replacement; and its effect through
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agricultural chemicals reduction is the second best, but the reduction still reaches 14%; the carbon
emission reduction effect through diesel reduction is relatively insignificant. The reason is that in the
aspect of chemical fertilizers, the use of the technologies of precision fertilization and conservation
tillage can greatly reduce the use of chemical fertilizers. In addition, the carbon emission coefficient
of chemical fertilizers is relatively high, so the effect of promoting agricultural carbon emission
reduction through chemical fertilizer reduction is the best. In terms of manpower input, the
trusteeship organizations greatly reduce the manpower input through mechanized operation, and
the carbon emission can be reduced by 10.5 kg for reduction of each labor force, so the carbon
emission reduction effect through manpower replacement is also significant. In terms of agricultural
chemicals, the amount of agricultural chemicals used in wheat planting is relatively small, and the
absolute amount of carbon emission reduction is small. However, the application of agricultural
chemicals can be greatly reduced by the technology of unified prevention and control, so the emission
reduction magnitude can still reach 14.1%, which is the same as that through chemical fertilizers
reduction. In the aspect of diesel oil, large-scale mechanical operation is beneficial for reducing the
diesel consumption per unit arable land, but the expansion of mechanized operation area will
increase the diesel consumption, so its effect of reducing agricultural carbon emission is not obvious.

Other researchers conduct relevant studies. Fabbri et al. (2022) [46] found that precision
fertilization can reduce nitrogen application by about 75%; Cillis et al. (2018) [47] showed that
conservation tillage can reduce CO2 emission by about 56% compared with conventional tillage;
Pretty and Bharucha (2015) [48] observed that comprehensive pest management projects can reduce
pesticide use to 30.7%. The results of this study show that the best way for agricultural production
trusteeship to reduce carbon emission is reducing the use of fertilizers, and the second best way is
reducing the use of agricultural chemicals. These results are in good agreement with the results in
the above. But researchers studied less the relationship among mechanized operation, diesel
consumption and carbon reduction. The reason may be that, in reality, it is difficult to reduce
agricultural carbon emission by reducing diesel fuel while advancing mechanized operations. This
research confirms that the effect of the trusteeship service on agricultural carbon emission reduction
through diesel reduction is not obvious, which also gives the reason for the limited relevant
researches.

The main contributions of this research are as follows: The main research line of this paper is
“agricultural production trusteeship services - application of green production technologies -
agricultural carbon emission reduction”, while the previous studies mainly focus on the theme of
“agricultural socialized services - application of green production technologies” or “application of
green production technologies - agricultural carbon emission reduction”. Besides integrating these
related problems in theory, more importantly, this study has more practical significance for China.
The reason is that small-sale farm households are still the main agricultural operation body in China,
managing 71.4% of China’s arable land>. This situation is difficult for implementing green production
technology. However, agricultural production trusteeship services have driven more than 78 million
small-scale farm households to engage in agricultural green production in China. Therefore, it is
easier to find an effective way of China’s agricultural carbon emission reduction by studying along
the main line of “agricultural production trusteeship services — application of green production
technologies — agricultural carbon emission reduction”. With regard to manpower input, there are
comparatively less studies on the effect of agricultural production trusteeship services on agricultural
carbon emission from the perspective of manpower replacement. The core of agricultural production
trusteeship services is the massive substitution of manpower input by mechanized operation.
Therefore, the reduction of manpower input has become a main way for agricultural production
trusteeship to promote carbon emission reduction. This paper had proved the validity of this way,
which is another contribution of this paper.

5 Source: China's Third Agricultural Census, http://www. stats. gov.
cn/sj/pesj/mype/202302/U020230223531273769774. pdf
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Table 6. Effect of Agricultural Production Trusteeship on Promoting Carbon Emission Reduction of
Different Carbon Sources.
Matching K-l\.Iearest Caliper Core Local hr.\ear Spline Mean
Neighbor . . regression .
method . Matching matching . matching  value
Matching matching
Carbon emission of chemical fertilizers
Experimental 7 | 27.219 27.219 27.219 27219 27219
group
Control group 31.745 31.645 31.670 31.710 31.826 31.719
-4.527 -4.426™ -4.481™ -4.491*** -4.607
ATT -4.
(0.275) (0.220) (0.227) (0.214) (0.218) 506
Carbon emission of agricultural chemicals
E i 1
Xperimenta 1.869 1.869 1.869 1.869 1.869 1.869
group
Control group 2.171 2.175 2.175 2.178 2.182 2.176
-0.301™ -0.306™ -0.305™ -0.309™ -0.313™
ATT .307
(0.013) (0.009) (0.010) (0.010) (0.009) 030
Carbon Emission of agricultural diesel oil
E i 1
xperimenta 4453 4.453 4453 4453 4453 4453
group
Control group 4.740 4.735 4.742 4.733 4.728 4.736
-0.286™ - -0.279™
ATT -0.281(0.02 -0.275™(0.024) -0.282
(0.037) 0281 (0.023) 0.289(0.027)  (0.027) 0.2757(0.020) -0.28
Carbon emission of manpower input
Experimental 5, 5.244 5.244 5.244 5.244 5.244
group
Control group 7222 7222 7.223 7.268 7.342 7.255
-1.978™ -1.980™ -2.024™ -2.098™
ATT -1.978"(0.143) (0.111) (0.114) (0.114) (0.123) -2.012

Note: ***denotes significant at 1% level; standard errors obtained by self-service method for 400 repeated
samples are presented in parentheses

4.4. Heterogeneity of the effect of agricultural production trusteeship on promoting agricultural carbon
emission reduction

4.4.1. Heterogeneity of carbon emission reduction effect on different production links

As shown in Table 7, after farm households” purchasing the field management services, the
carbon emission of wheat planting is reduced by 6.16 kg/mu, with an average decrease of 13.9%; after
farm households’ purchasing agricultural materials supply services and ploughing, sowing and
harvesting services, the carbon emission from wheat planting is reduced by about 5 kg/mu, with a
decrease of about 12%. It can be seen that the field management services have the most significant
effect on the agricultural carbon emission reduction, followed by ploughing, sowing and harvesting
and agricultural material supply services.

The reason is that in the field management link, soil testing-based formula fertilization services
and unified prevention and control services can improve the efficiency of fertilization and
agricultural chemicals application and reduce the consumption of chemical fertilizers and
agricultural chemicals. Meanwhile, the enlargement of service scale can also reduce diesel
consumption and manpower input, resulting in better overall carbon emission reduction effect. In
the ploughing, sowing and harvesting link, trusteeship organizations mainly provide efficient
mechanized services, which will reduce the average diesel consumption and manpower input.
However, coMnsidering that the increase of the number of mechanized services and the expansion
of service area may cause the increase of diesel consumption, the effect of promoting carbon emission
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reduction will be reduced. In the agricultural material supply link, service organizations can achieve
a certain carbon emission reduction effect by providing organic fertilizers and pesticides. In
summary, field management services run through the whole cycle of crop growth, and has a great
impact on the carbon emission of the four carbon sources; in the ploughing, sowing and harvesting
link, it is mainly through reducing diesel oil and manpower input for carbon emission reduction; and
in the agricultural material supply link, carbon emission reduction is reduced through chemical
fertilizers and agricultural chemicals reduction. The different carbon sources and the different degree
of carbon emission reduction of the three links lead to the heterogeneity of the effect on carbon
emission reduction.

Many researchers studied carbon emission reduction in a single link. Fan et al. (2012) [5] found
that soil nutrient management can improve fertilizer productivity by 10.5-18.5%, thereby reducing
the input of fertilizers; Brown et al. (2015) [49] found that the combination of precision agriculture
and the use of agricultural machinery can reduce the input of chemicals by 6.94-10.55%; Naher et al.
(2021) [50] found that the application of bio-organic fertilizers in rice production can reduce synthetic
nitrogen emission by 30%. The researches of the above researchers confirmed that the green services
in different links have the effect of carbon emission reduction, which is consistent with our research
results. However, for the rarely studies heterogeneity of the effects of carbon emission reduction in
different production links, this paper not only studies the carbon emission reduction effect in
different links separately, but also makes a comparative study on the different links.

Table 7. Impact of Different Trusteeship Links on Agricultural Carbon Emissions.

K-Nearest . Local linear .

. . Caliper Core . Spline Mean
Matching method  Neighbor Matching matching regression matching  value
Matching matching
The agricultural material supply link
Experimental group 37.770 37.770 37.770 37.770 37.770 37.770

Control group 43.213 43.320 43.311 43.338 43.300 43.296
-5.442"  -5550"  -5.540™ -5.568" -5.530™
ATT (0.436) (0.317) (0.325) (0.343) (0.333) ->-530
The ploughing, sowing and harvesting link
Experimental group 40.907 40.907 40.907 40.907 40.907 40.907
Control group 46.430 46.790 46.748 46.497 46.729 46.639
-5.522  -5.883™  -5.841™ -5.590™ -5.822™
ATT (0.442) (0.325) (0.312) (0.319) (0.352) 732
The field management link
Experimental group 38.215 38.215 38.215 38.215 38.215 38.215
Control group 44.375 44.392 44.404 44.358 44.346 44.375
-6.160"  -6.176™ -6.189™ -6.143™ -6.131
ATT (0.422) (0.300) (0.325) (0.328) (0.279) 6160

Note: ***denotes significant at 1% level; standard errors for 400 repeated samples obtained by self-service
method are shown in parentheses.

4.4.2. Heterogeneity of the carbon emission reduction effects of the farm households with different
factor endowments

The effect of agricultural production trusteeship on carbon emission reduction for the farm
households with different factor endowments is also different. This paper will examine the
heterogeneity of the carbon emission reduction effect of agricultural production trusteeship in terms
of capital and land.

1. Impact of agricultural production trusteeship on carbon emission reduction for the farm
households with different capital endowment

doi:10.20944/preprints202306.1968.v1
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Agricultural capital endowment is mainly reflected in the agricultural machinery ownership.
This paper uses “types of agricultural machinery owned” to measure the capital endowment of the
farm households. Taking the ownership of 1 type of agricultural machinery as the criterion, we divide
the farm households into two groups®. It can be seen from Table 8 that the carbon emission for the
farm households equipped with a type of agricultural machinery or no has been reduced by 7.102
kg/mu after they have purchased the trusteeship services; while the carbon emission for the farm
households with more than one type of agricultural machinery has been reduced by 6.627 kg/mu after
they have purchased the trusteeship services, which indicates that the promotion effect of the
reduction in carbon emissions of the trusteeship services for capital-poor agricultural households is
better. The possible reasons are: farm households possessing less agricultural machinery have
purchased trusteeship services in more links; farm households owning more types of agricultural
machinery have purchased less trusteeship services; in addition, the energy consumption of
household-owned agricultural machinery is usually high due to out-of-date functions and low
efficiency. Therefore, compared with the farm households with more types of agricultural machinery,
the trusteeship services have better emission reduction effect for those with less types of agricultural
machinery.

This aspect also studied by other researchers. For example, Qing et al. (2023) [38] found that the
adoption rates of no-tillage technology, organic fertilizer application technology and straw returning
technology by the farm households after they have purchased machinery outsourcing services have
increased by about 10.6%, 14.5% and 12% respectively, compared with when they did not purchase
the services. These studies confirm that the farm households are more inclined to adopt green
production technology after purchasing machinery outsourcing services. This is also largely the same
as the results of this study. In addition to this, we further study the carbon emission reduction effect
of the trusteeship services for the farm households with different capital endowments.

2. Impact of agricultural production trusteeship on carbon emission reduction for the farm
households with different land endowments

In this paper, the median of the farm households’ operation scale (7 mu) is taken as the basis of
grouping, since the households’ land endowments are mainly reflected in their operation scale. As
shown in Table 8, the carbon emission reduction effect of agricultural production trusteeship services
for the farm households with the operation scale of less than 7 mu is better than that of those with
the scale of 7 mu and above. The carbon emission reduction amount of the former is 0.88 kg higher
than that of the latter. That is to say, the carbon emission reduction effect of the agricultural
production trusteeship services on the farm households with a smaller operation scale is better than
that of those with a larger scale. The main reasons are: for large-scale farm households, the use
efficiency of the agricultural materials and agricultural machinery and the adoption rate of the green
production technologies are relatively high, even if they do not purchase trusteeship services, carbon
emission is relatively low. Therefore, the carbon reduction room is relatively small for large-scale
farm households, although their purchase of the trusteeship services will further reduce their
agricultural carbon emission. For small-scale farm households, before their purchasing trusteeship
services, the use efficiency of the agricultural materials and agricultural machinery and the adoption
rate of the green production technologies are relatively low, so their agricultural carbon emission
level is high. And their carbon emission reduction scale is large after their purchasing the trusteeship
services, so the emission reduction effect of the services on them is more obvious.

There are researchers who studied the carbon emission of the farms of different sizes. Pishgar-
Komleh et al. (2012) [51] found that the energy (diesel, fertilizers, agricultural chemicals, etc.)
consumption of large-size farms in potato planting is 4-14% lower than that of small and medium-
size farms; Wu et al. (2018) [52] found that every 1% increase in farm size can reduce the use of

¢ According to our investigation, for most farm households who have no or only one type of agricultural
machinery, which are generally for transportation, there are no great differences in their agricultural
production. And the farm households with more than one type of agricultural machinery have certain self-
service ability. So this research takes the ownership of 1 type of agricultural machinery as the criterion for
grouping samples.
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herbicides by 1.8%, and can reduce the use of fertilizers and agricultural chemicals by 0.3%. The above
researches proved that the larger the farm size, the less average agricultural input or average energy
consumption, which is consistent with the conclusion of this paper. On this basis, this paper further
compares and studies the effect of trusteeship services on the carbon emission reduction of the farm
households of different operation scales, and finds that the promotion effect on the carbon emission
reduction of the small-scale farm households is better.

Table 8. Impact of agricultural production trusteeship on carbon emission of farms without factor
endowment trusteeship.

K-Nearest . Local linear .
. . . Caliper Core . Spline Mean
Grouping variables Neighbor . . regression .
. Matching matching . matching value
Matching matching

Type of agricultural machinery

Experimental 59 20 39538 30538 39.538 39538  39.538
group
0-1 type Control group ~ 46.690  46.667  46.630 46454 46650 46.618
7152 7129 7092 -7.026™  -7.111
ATT 7102
0.437)  (0.334)  (0.337)  (0.343)  (0.322) 0
Experimental o050 3836 38362 38362 383621 38362
group
More thanone  Control group  45.185 44.952 44.959 44.937 44.10  44.827
types 6.823"  -6590™  -6597"  -6576™  -6.548"
ATT -6.627
(0509  (0455)  (0479)  (0455) (0434 OO
Operation scale
Experimental 59 50 39510 39510 39510 39510 39.510
group

Below 7
COWIMIE " Control group 46322 46308 46300 46158 46320 46282

6812 -6.798"  -6790™  -6.648"  -6.810™
ATT -6.772
(0459)  (0.341)  (0363)  (0.355)  (0.380)

Experimental
p 38.954 38.954 38.954 38.954 38954 38.954
group
7 mu and
Above Control group 44.763 45.751 44.701 45.041 44964  45.044

5810  -5.797* 5747  -6.087"  -6.010™
ATT 5.
(0538)  (0478)  (0461) (0409  (0472) %0

Note: *** denotes significant at 1% level; standard errors obtained by self-service method for 400 repeated

samples is shown in the parentheses.

5. Conclusion and implications

Based on the survey data of 1245 wheat growers in the five provinces: Shandong, Hebei, Anhui,
Jiangsu and Henan, this paper studies the overall effect of agricultural production trusteeship on
agricultural carbon emission reduction using the PSM method. The differences of carbon emission
reduction effect of the trusteeship services are analysed from three aspects: carbon sources,
trusteeship links, and factor endowments of the farm households. According to our research,
trusteeship services generally contribute to agricultural carbon emission reduction; meanwhile, there
are differences in emission reduction effect. The absolute amount of carbon emission reduction of the
fertilizers is the largest, and the carbon emission reduction magnitude of the manpower input is the
largest; the carbon emission reduction effect of the field management link is the best, followed by the
ploughing, sowing and harvesting link and agricultural material supply link, with their emission
reduction magnitude also more than 10%; from the aspect of the farm households, trusteeship
services have a larger promotion effect on carbon emission reduction for the farm households with
less types of agricultural machinery and a small operation scale.
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The above results show that agricultural production trusteeship can effectively reduce
agricultural carbon emission and help achieve carbon emission reduction targets. Therefore, the
government should vigorously support the development of agricultural production trusteeship
services, and give it necessary policy and financial support, especially in the purchase of agricultural
machinery, in the supply of green agricultural materials and in the promotion of green production
technology. At the same time, based on the different effects of trusteeship service links on carbon
emission reduction, the government should focus on supporting field management services and
moderately promoting soil testing-based formula fertilization and unified prevention and control
services. Since small-scale farm households are still an important part of China’s agricultural
operation and trusteeship services have a better effect on promoting carbon emission reduction of
small-scale farm households, more attention should be paid to the needs of the small-scale farm
households and guiding more of them to choose agricultural production trusteeship.
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