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Abstract: For sustainable agricultural development, increasing efforts are put on promoting agricul-
tural mechanization and green agricultural development all over the world. Based on the panel data
of Chinese provincial agriculture from 2002 to 2018, the System Generalized Method of Moments
model and mediation model are constructed to explore the paths of agricultural mechanization
affecting green agricultural development. The results show that agricultural mechanization can not
only promote the green agricultural development directly but also indirectly by transferring the
agricultural labor force and increasing fertilizer input. However, because of the surge of pesticide
demand, agricultural mechanization also leads to serious pollution indirectly. With the development
of large-scale agricultural machinery, the direct promotion of agricultural machinery on green agri-
cultural development will be more significant. However, it will be less efficient to substitute more
agricultural labor force with machinery power. The problem of pesticide abuse will also become more
serious. Therefore, it is important for green agricultural development to encourage human capital
investment in agricultural mechanization. In addition, more attention should be paid to improving
the input efficiency of fertilizers and pesticides so that agriculture will be sustainable in production
and the ecological environment.

Keywords: agricultural mechanization; large-scale agricultural machinery; green agricultural devel-
opment; path analysis

1. Introduction

Promoting green agricultural development is the inevitable requirement of agricultural
mechanization transformation and upgrading. The United States, which has a high level
of agricultural mechanization, was the first to put forward the agricultural green subsidy
program. The plan made agricultural production subsidies converted into agricultural
pollution subsidies. Then Britain, Japan and other developed countries also put forward
the concept of green agriculture. More advanced and green technologies are suggested to
achieve sustainable agricultural development. Because of the farm machinery purchase
subsidy policy, agricultural machinery’s total power had increased from 579 million kW to
1004 million kW in China from 2002 to 2018. However, the rapid growth of agricultural
mechanization has led to some problems, such as excess capacity in agricultural machinery,
labor shortage and environmental pollution. In January 2017, the concept of “green
development of agriculture” was emphasized to change the extensive development model
in the 13th Five-Year Plan for the Development of National Agricultural Mechanization.
Moreover, agricultural machinery was required to be “green” and tap the potential of
sustainable agricultural development. Achieving green agricultural development will
not only help to break constraints of resources and the environment but also improve
agricultural productivity and ensure food security. Therefore, it is important for high-
quality development of agricultural modernization to balance the relationship between
agricultural mechanization and green agricultural development.
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With the increase in agricultural machines, there are many good changes in rural
agriculture development. More and more agricultural labors are moving into cities [1].
Agricultural resources and energy are used more efficiently [2]. The agricultural structure
has been optimized and upgraded. These “good” changes hold the early views of scholars
such as Singh (2006) that agricultural mechanization has a significant promoting effect on
agricultural productivity [3]. As a result, many scholars suggested that the government
should provide more subsidies to farmers who want to buy agricultural machines [4].
Meanwhile, irrational agricultural mechanization led to the rapid growth of agricultural
carbon emissions, low scale efficiency of agricultural production and so on [5]. For ex-
ample, Chen et al. (2021) and Aguilera et al. (2019) have proved that inefficient carbon
emissions result in too much investment in agricultural machinery and hinder green agri-
cultural development [6,7]. Increasing scholars have focused on the relationship between
agricultural mechanization and green agricultural development. Sharma et al. (2021)
discussed the impact of pesticide use and human capital on Greenhouse Gas emissions
during agricultural mechanization [8]. Isaak et al. (2020) tried to reduce the consumption
of fossil energy in sweet corn cultivation by studying the optimal scale of agricultural
mechanization and the combination of production factors in Malaysia [9]. In a word, it is
necessary for green agricultural development to make agricultural mechanization achieve
a “qualitative” improvement rather than a quantitative increase.

There has been research on the influence of agricultural mechanization on green agri-
cultural development. As a necessary input variable, the change of agricultural machinery
input will affect the green total factor productivity (GTFP) directly. For example, Chi et al.
(2021), Wang et al. (2019) and Li et al. (2021) have analyzed agricultural GTFP with the
increasing machinery input [10-12]. There is a dispute between agricultural mechanization
and the GTFP. Lots of scholars exposed that agricultural mechanization has a negative in-
fluence on agricultural production. Jiang et al. (2020) held that agricultural mechanization
could make the energy-environment performance worse because agricultural machinery
has deficiencies in energy saving and emission reduction [13]. Liu et al. (2021) found
that use of agricultural mechanization with the diesel o0il increasing can lead to a decrease
in the GTFP [14]. However, there are also some contrary points. They indicated that
green mechanization can reduce agricultural carbon emissions. He et al. (2021) found that
mechanized deep ploughing and scarification can promote green agricultural development
in the agricultural production of mainland China [15]. Lin and Xu (2018) held that the
impact of agricultural mechanization on carbon emissions is heterogeneous [16]. It will be
helpful to promote the application of energy-saving and emission mitigation technologies
for reducing carbon emissions. Moreover, Gorjian et al. (2021) suggested deploying the
modern solar-powered electric farm machinery [17]. Apriyana et al. (2021) proposed taking
agricultural machinery into the Integrated Cropping calendar Information System [18].
With the popularization of these advanced agricultural machinery technologies, the devel-
opment of agricultural mechanization is bound to play a more positive role in promoting
the green agricultural development.

The existing literature provides a rich theoretical basis and experience reference for
our research. However, there are still the following two points that should be further
studied. First, most of the above literature focuses on the direct impact of agricultural
mechanization on green agricultural development rather than the indirect effect of agricul-
tural mechanization. The green agricultural development can be assessed by agricultural
labor force, pesticide, fertilizer and other factors that also will change with the increase in
agricultural machinery input. If we ignore the structural changes brought by agricultural
mechanization, we cannot understand the mechanism of agricultural mechanization on
green agricultural development. Second, because the static panel model was used in most
relevant studies, the inertia and endogeneity of green agricultural development have not
been investigated. The concept of green agricultural development has a strong lasting influ-
ence on agricultural green production behavior. It will force agricultural mechanization to
accelerate transforming and upgrading to all-round, high-quality and efficient. Therefore,
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the results of existing studies may be biased. The green agricultural development needs
more in-depth study on the impact of agricultural mechanization.

In this paper, the Generalized Method of Moments (GMM) model was constructed to
deal with the inertia and endogeneity of related variables in the process of green agricul-
tural development. Thus, the regression results are more credible. Moreover, the mediation
model was used to study both the direct and indirect effects of agricultural mechaniza-
tion on agricultural green development. The mechanism of agricultural mechanization
affecting green agricultural development was analyzed to make up for the lack of exist-
ing literature. Therefore, the research perspective is more comprehensive. Furthermore,
this paper investigated the adjustment effect of agricultural machinery upsizing on each
path. Our conclusions have important reference value for the coordination of agricul-
tural mechanization and green agricultural development under the trend of large-scale
agricultural machinery.

Other parts are organized as follows. First, based on theoretical analysis, we discuss
the direct and indirect mechanism of agricultural mechanization on green agricultural de-
velopment. Four hypotheses are also put forward. Second, we present all the variables and
methods. The mediation model and the moderated mediation model are constructed based
on the stepwise regression, respectively. Third, we summarize the mediation model to
expose paths of mechanization affecting green agricultural development. Fourth, the mod-
erated mediation model is regressed to discuss the moderation of large-scale development
of agricultural machinery. The final section summarizes all conclusions and puts forward
some suggestions on relevant policies.

2. Theoretical Analysis
2.1. The Direct Effect of Agricultural Mechanization on Green Agricultural Development

Agricultural mechanization is the most direct reason to improve agricultural produc-
tion efficiency. With the rapid rise of wages in the non-agricultural sectors, agricultural
labor has flooded into the cities, which resulted in a structural shortage of agricultural
labors [19]. Agricultural machines that have lower prices compared with labors can lower
the cost of agricultural production and increase grain output significantly [20]. Due to the
improvement of the agricultural machinery service market, agricultural mechanization
will reduce the investment risk of agricultural production [21]. Cross-regional service of
agricultural machinery makes agricultural mechanization not only beneficial to the local
agricultural output but also to other regions’ agricultural output. However, the input of
agricultural machines also increases the demand for fossil fuels and aggravates agricultural
pollution [22]. Therefore, it is important for protecting the agricultural ecological environ-
ment to make agricultural mechanization reasonable. When the increase in agricultural
productivity is greater than that in agricultural pollution emissions, agricultural mecha-
nization will play a significant positive role in promoting green agricultural development.
On the contrary, agricultural mechanization has a negative inhibition effect.

In 2020, the mechanization rate of crop cultivation and harvest reached 71% in China.
China has been making a lot of efforts in agricultural mechanization to promote green
agricultural development. Firstly, backward agricultural machines are replaced with
larger and more efficient agricultural machines. The positive effect of elements input
on agricultural production can be improved by upgrading agricultural machinery [23].
Secondly, it is important to suggest cleaner and environment-friendly agricultural machines
that are characterized by higher energy efficiency and operational efficiency. The constraint
of carbon emission should be strengthened to reduce the damage of agricultural machinery
to the ecological environment [24]. It has been proved that agricultural mechanization
plays a major role in promoting agricultural green production in China [24]. Therefore,
Hypothesis 1 is proposed that

Hypothesis 1 (H1). Agricultural mechanization mainly plays a direct role in promoting the green
development of agriculture in China.
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2.2. The Indirect Effect Mechanism of Agricultural Mechanization

According to the theory of agricultural production, the increase of agricultural ma-
chinery input will lead to the change of other elements input under the given output.

In the long-term, agricultural mechanization is bound to replace most of the agricul-
tural labors. From the point of view of supply and demand theory, price change is the
main reason for the substitution effects of agricultural machines [25]. On the one hand,
technical progress reduces the price of agricultural machinery and increases the demand
for agricultural machinery [2]. On the other hand, wages in non-agricultural sectors rose
rapidly and accelerated the transfer of agricultural labor to non-agricultural sectors [26].
Therefore, agricultural mechanization can raise agricultural income by shifting relatively
expensive labors. However, the law of decreasing marginal technology substitution rate
shows that, with agricultural machines increasing, the substitution effect of agricultural
machinery on agricultural labors is gradually weakened [27,28]. In particular, the emer-
gence of new agricultural management entities has greatly improved the efficiency of labor
output and the level of green agricultural development [29]. It indicates that in the long
run, the substitution effect of agricultural mechanization may fail.

The development of modern agriculture has a greater dependence on chemical fertil-
izers and pesticides since a large amount of agricultural machines input. It is beneficial for
crops to use pesticides to resist natural risks and reduce the loss of agricultural output [30].
Chemical fertilizer is also essential to increasing total agricultural yields because it greatly
increases soil fertility [31]. Compared with other inputs, the price of chemical fertilizers
and pesticides is lower so that there is has a greater demand for them in agricultural
production [32]. Based on the law of diminishing marginal element input, excessive use
of chemical fertilizers and pesticides may lead to lower input efficiency of chemical fertil-
izers and pesticides [33]. It also causes agricultural ecological problems such as pesticide
residues, soil hardening and soil acidification [34]. Therefore, the impact of pesticide and
chemical fertilizer input on green agricultural development needs to be viewed dialectically,
which is similar to the input of agricultural machinery.

At present, there are a few new farmers in China, and the main trend is still that
agricultural labors turn into the city. An important goal of agricultural modernization
development is to make agricultural machines play an active role by accelerating the
transfer of the agricultural labor force. At the same time, under the constraint of the
ecological environment, more and more scholars have called for accelerating the adjustment
of the agricultural input structure and reducing the input of chemical fertilizers and
pesticides [35]. It has become an important challenge for green agricultural development
to promote a reduction in chemical fertilizers and pesticides and increase their efficiency in
China. In conclusion, we put forward the following theoretical hypotheses:

Hypothesis 2 (H2). The transfer of agricultural labors plays a significant positive mediating role
between agricultural mechanization and green agricultural development.

Hypothesis 3 (H3). Pesticide investment plays a significant mediating role between agricultural
mechanization and green agricultural development.

Hypothesis 4 (H4). Fertilizer input plays a significant intermediary role between agricultural
mechanization and green agricultural development.

3. Data and Methodology

This paper selected balanced panel data of 31 provinces in China from 2002 to 2018.
Hong Kong, Macao and Taiwan were excluded for lack of relevant data. All data come
from the National Bureau of Statistics. Specific variable selection and models are as follows.
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3.1. The Variable Definition

(1) Dependent variable: cumulative index of green total factor productivity (GTFP, %).

Based on the SBM (Slack Based Model) model that considers undesired output,
we used R language to calculate the Malmquist index [36]. The SBM-Malmquist model was
constructed with “variable” and “non-oriented returns to scale” hypotheses. The expected
output is the gross product of agriculture, forestry, animal husbandry and fishery (100 mil-
lion yuan). For eliminating the influence of price factors, the agricultural production price
index is used to convert the total agricultural output value of each year based on the
constant price in 2002. Undesired output is agricultural carbon emissions. Input variables
include agricultural labors (ten thousand), total power of agricultural machinery (ten thou-
sand kilowatts), the consumption of chemical fertilizers converted into a net amount (ten
thousand tons), effective irrigation area (one thousand hectares), total sown area of crops
(one thousand hectares), pesticide usage amount (ten thousand tons) and usage amount of
agricultural plastic film (ten thousand tons). The GTFP is

t
GTFP; = (] [ Malmquist;) x 100 (1)
i=1

(2) Core dependent variable: agricultural mechanization.

The total power of agricultural machinery (ten thousand kilowatts) was used to
represent the level of agricultural mechanization. The influence of agricultural machinery
on agriculture is analyzed from the total amount.

(3) Mediation variables: agricultural labor transfer index (LT, %), pesticide input per
unit (PI, kg/ha), chemical fertilizer input per unit (FI, kg/ha) and infrastructure input
(DI, %).

LT = (1 — Agr_labor/ All_labor) x 100 (2)
PI = Pes/ All_area 3)
FI = Fer/ All_area 4)

Here Agr_labor (ten thousand) is the number of employed persons in the rural agri-
culture, forestry, animal production and hunting and fishing. All_labor (ten thousand) is
the number of rural employed persons. Pes is the input of pesticide usage amount (kg).
All_area is the total sown area of crops (hectares). Fer is the consumption of chemical
fertilizers converted into a net amount (kg).

(4) Moderator Variable is the proportion of large-scale agricultural machinery (ML, %),
which shows development of large-scale agricultural machinery.

ML = Large_power / Total_power x 100 ®)

Here, Large_power is the total power of large and medium-sized tractors (ten thousand
kW). Total_power is the total power of agricultural machinery (ten thousand kw).

(5) Substitution variable is agricultural machinery input per unit (MT2, kW /ha), which
is taken as the substitute index of the level of agricultural mechanization.

MT?2 = Total_power/All_area 6)

(6) Control variables include energy consumption per unit (AD, kg/kw), water con-
sumption per unit (AW, thousand cubic meters/ha), rate of disaster damage (FR, %), pro-
portion of agricultural output (AO, %), proportion of agricultural service output (AS, %),
sex ratio (SEX, %), the gap between urban and rural areas (GAP, 100%), the urbanization
rate (URB, 100%).

Table 1 shows the definitions of all variables.
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Table 1. Variable Definitions.

Type Variables Symbols Definitions
Dependent variable The IEVEIdOf green agricultural GTFP GTFP = T] Malmquist x 100
evelopment
Core independent variable Agricultural mechanization MT The total power of agricultural machinery
Mediation variables Agricultural labor transfer index LT LT = (1 — Agr_labor/ All_labor) x 100
Fertilizer input per unit FI FI = Fer/All_area
Pesticide input per unit PI PI = Pes/All_area
Moderator variable Thep roportion of large-scale ML ML = Large_power / Total_power x 100
agricultural machinery
The control variables Energy consumption per unit AD ADp;)vSSFZIfHaIg; EirlltziSiﬁ’;iﬁ?ﬁg;%i@?tal
. . AW = Total agricultural water consumption
Water consumption per unit AW (1000 m3)/ "El%"otal sown area of crops (I;a)
Rate of disaster damage FR FR = Disaster damage area (ha)/Total sown area
of crops (ha) x 100
AS = Gross Agricultural Output (100 Million
. . Yuan)/Gross Agricultural Product of Forestry,
Proportion of agricultural output 45 Anirr?al Husbar?dry and Fisheries (100 Millioi]\
Yuan) x 100
FS = Gross Output Value of Agriculture, Forestry,
Proportion of agricultural service Animal Husbandry and Fishery Services
output FS (100 million Yuan)/Gross Product Value of
p Agriculture, Forestry, Animal Husbandry and
Fishery (100 million Yuan) x 100
SEX = Rural male employees
Sex ratio SEX (ten thousand)/Rural female employees
(ten thousand) x 100
GAP = Per Capita Consumption Expenditure of
The gap between urban and rural GAP Urban Residents (Yuan)/Per Capita
areas Consumption Expenditure of Rural Residents
(Yuan)
URB = Urban Population
The urbanization rate URB (ten thousand)/Permanent Resident Population
(ten thousand) x 100
Substitution variable agricultural machinery input per MT?2 MT?2 = Total power of agricultural machinery
unit (kW) /Total sown area of crops (ha)

3.2. Data Description

Table 2 shows the descriptive statistical results. There is a large difference between
variables. The distributions of MT, PI and FI are uneven. Therefore, it is necessary to
properly process the original data to improve the accuracy of the regression results.

Table 2. The descriptive statistical results.

Variables Min Max Mean SE Variables Min Max Mean SE
GTFP 65.19 348.87 115.33 33.75 AD 3.63 148.55 28.69 24.67
MT 93.97 13,353.02 2813.49 2725.75 FR 0 93.59 22.79 15.21
LT 37.71 95.11 70.65 10.84 AS 30.2 73.56 51.65 8.59
PI 1.42 59.94 11.57 131.73 FS 0.93 50.88 3.82 2.88
FI 12823 799.59 35159 131.73 SEX 102.61 137.85 116.52 6.36
ML 3.911 98.54 41.29 23.42 AW 5.89 157.81 32.41 26.96
MT?2 1.51 26.98 6.1 3.55 GAP 1.69 7.81 2.72 0.67

URB 13.08 89.61 48.92 17.04

For reducing the impacts of heteroscedasticity and non-essential multicollinearity,
we made GTFP, MT and MT2 logarithmic and decentralized. The paper also took the
logarithm of all the control variables. Particularly, In FR = In(1 + FR). Due to the large
time span of the sample, variables may have unit roots. Therefore, the LLC test, the ADF-
Fisher test and the IPS test were used to perform the stationarity test. Table 3 reports that
all test results obviously reject the null hypothesis and variables are stationary. The basic
requirements of panel model establishment are satisfied.
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Table 3. Unit root test.

Variables LLC éDF_ IPS Conclusion Variables LLC éDF_ IPS Conclusion
Fisher Fisher
In GTFP —-1.43* 102.00 *** —1.93**  Stationary In AD —2.78**  171.30**  —3.26**  Stationary
In MT —5.23**  165.61 *** —1.84**  Stationary In FR —6.23 ¥ 89.98 *** —9.62 **  Stationary
InLT —1.40* 190.27 ***  —3.02**  Stationary In AS —4.26**  154.30**  —2.87**  Stationary
In PI —4.35**  174.64 ¥ —-1.62*% Stationary InFS —4.78 **  253.66 **  —2.67**  Stationary
In FI —3.21 % 24837 **  —6.81**  Stationary In SEX —4.57** 139.09 **  -3.40**  Stationary
In ML —8.94 ¥ 24853 ** 888 ***  Stationary In AW —2.86***  156.93 *** —1.87*  Stationary
In MT2 —11.40 % 226.26 ***  —4.64**  Stationary In GAP —2.72 %% 95.37 *** —3.34**  Stationary
In URB —7.98 **  150.20 *** —1.98**  GStationary
Noted: ***, ** and * reflect the 1%, 5% and 10% significance levels respectively.
3.3. Methods

(1) The base model.

The system GMM model that can avoid endogeneity is used to test the impact of
agricultural mechanization on green agricultural development [37]. The lagged item of the
independent variable is taken as the instrumental variable. The base model is constructed
as follows:

‘ 8
In GTFPlt =)+ In MTit + Z]l Cz]' In GTFPi,t_]‘ + Zk:1 lBlkContrkit + H1it (7)

Here, cp is the intercept term. ¢y, c; and  are coefficients that should be estimated.
In GTFP;;j shows the In GTFP; with a lag of j period. k = 1,...,8. Contry represents
8 control variables. i = 1,...,31, which reports provinces. The years are denoted by ¢,
t = 2003, ...,2018. The u is stochastic disturbance team.

(2) The mediation models.

The mediation model has been used to evaluate the influence paths of factors. It has
been developed well in many research areas. Zhang et al. (2020) built five regression
equations to investigate the impact of farm size, labors and capital input in agricultural
labor productivity [38]. Chen et al. (2020) used a parallel multiple mediator model to
explore the mediating effect of technology in carbon emission [39]. The mediation model
that tests the mediation effect is as follows:

; s
MEDj; = ag+ay InMTy + Y 1 appMED;;_y +Y | BoxContrigy + piaiy 8
/ / iy 8
lmﬂﬂhz%+quH+bMHh+zl%meH&FW+Zhﬁ%®mWﬁw” 9)

Here ay and ¢, are intercept terms. ay, c;, b and B are coefficients that should be
estimated. MED reports mediator variables that include In LT, In PI, In FI. MED,; ;_ j is
the value of MED); with a lag of j' years. If ¢} is significant, Hypothesis 1 will be confirmed
and increasing machinery power can promote the green agricultural development. When
MED isIn LT, if a; and b are significantly positive, Hypothesis 2 is credible and the positive
mediating effect of labor transfer is significant. When MED is In PI or In F1, if a; and b are
significant, Hypotheses 3 or 4 are also reasonable.

(3) The moderated mediation models.

The moderated mediation model can accurately describe the function of how the large-
scale trend of agricultural machinery affects each influence path of agricultural mechanisms
to green agricultural production [40]. The moderated mediation model was constructed
as follows:

o
MHM:%+mmMH+@mMM+@mMHmeM+ZhMMHm#+ELﬁMMWW+Mf (10)
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INGTEP; = cly+ c| In MT + ch In MLy, + ¢ In MT}; x In MLy + bMED;, + Y. ¢, INGTFP;,_j»

3 (11)
+Y%—1 BixContrjy+psit

If ¢} is significant, the trend of large-scale agricultural machinery has a direct moderat-
ing effect on the influencing path. If a3 and b are significant, the moderating effect of the
large-scale trend is indirect. The relationship between variables is shown in Figure 1.

MED

In MT y
c

A\ 4

In GTFP

Figure 1. The moderation mechanism of the agricultural machinery large-scale trend.

4. Results and Discussion
4.1. Analysis of Mediation Mechanism
4.1.1. Estimation Results of the Mediation Models

Table 4 reports the results of each model. Arellano-Bond test for first-order (AR1)
and second-order (AR2) serial correlation can be used to verify the autocorrelation of the
disturbance term. The validity of the instrumental variables can be proved by the Sargan
test. All AR (1) results reject the null hypothesis of no autocorrelation at the 10% level,
but the AR (2) results do not. The results of the Sargan tests show that all instrumental
variables are valid. Therefore, the setting of each model is reasonable.

The result of the base model shows that In M T’s coefficient is significantly 0.0731 at the
1% level. It indicates that there is a significant positive relationship between agricultural
mechanization and green agricultural development in China. All coefficients of In MT in
column 2 in each path are also significantly positive at the level of 5%. The rationality of
the agricultural mechanization in China is verified again. Hypothesis 1 is proven. With the
transformation and upgrading of agricultural mechanization, increasing investment in
agricultural machines will lead to a more direct promoting effect on the green development
of agriculture. It is important for China to persist in promoting agricultural mechanization
and increase the total input of agricultural machinery in agricultural production.

Table 4 also shows that the transfer of agricultural labor force and the input of chemical
fertilizer play partial positive mediating roles between agricultural mechanization and
green agricultural development, while the input of pesticide plays a partial negative
mediating role.

(1) Agricultural mechanization indirectly raises the GTFP by transferring agricultural
labors. In Path 1, the coefficients of In MT in column 1 and In LT in column 2 are positive
at the 1% level significantly. Because of agricultural mechanization, agricultural labors
that are more expensive than machines are gradually being replaced so that the cost of
agricultural input is reduced. The coefficient of In LT;_ in column 1, which is significantly
positive at the 1% level, proves that agricultural labors have the inertia of spontaneous
transfer to non-agricultural sectors in China. As sectoral wage differentials widen, there
will be more and more labor vacancies in the agricultural sector [41]. It indicates that
agricultural mechanization still has greater development potential in China.
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Table 4. Estimation results of the mediation models.
Base Model Path 1 Path 2 Path 3
InGTFP InLT InGTFP InPI InGTFP InFI InGTFP
In MT 0.0731 *** 0.0368 *** 0.0627 *** 0.0702 *** 0.0725 *** 0.0710 *** 0.0360 **
(4.33) (4.20) (4.25) (3.12) (3.53) (4.42) (2.05)
0.2887 ***
InLT (5.75)
—0.0500 ***
InPI (-3.63)
0.1435 ***
InFI (7.34)
0.8292 *** 0.8117 *** 0.8600 *** 0.8082 ***
InGTEP; (25.01) (22.88) (31.16) (43.79)
0.4317 ***
InLT; (18.16)
0.7878 ***
In Pl (19.08)
0.0991 ***
In PIt—Z (271)
0.7788 ***
InFl—y (27.22)
Controls Yes Yes Yes Yes Yes Yes Yes
Wald chi? 14,175 6615 18,692 9308 53,405 21,473.64 33,053
Sargan test 0.8352 0.6554 0.7677 0.9563 0.9105 0.6744 0.8715
AR (1) 0.0714 0.0571 0.0756 0.0003 0.0703 0.0013 0.0745
AR (2) 0.9198 0.6396 0.8853 0.1928 0.9354 0.1283 0.8285
N 496 496 496 465 496 496 496

Noted: ***, ** and * reflect the 1%, 5% and 10% significance levels respectively.

(2) Agricultural mechanization has led to a huge increase in the demand for pesticides
and fertilizers. However, the impact of chemical fertilizer input on green agricultural
development is significantly negative. In most parts of China, pesticide abuse may be a
problem. Pesticide input has less incentive to agricultural production than pollution to the
agricultural environment. The chemical fertilizer input is more reasonable so it is more
helpful to agricultural production than to environmental pollution. Coefficients of In FI;_;
and In PI;_, are significantly positive at the 1% level. It is obvious that the investment in
pesticide and chemical fertilizer also has a long-term growth trend. It indicates that there
will be more and more pesticides and fertilizers in agriculture. Therefore, it is necessary
to improve the development of agricultural mechanization and change the extensive
agricultural mode.

4.1.2. Robust Tests

Two kinds of Robustness tests are used to verify the rationality of the models. Firstly,
the differential GMM model is utilized as a stability test, and the regression results are
shown in Table 5. Secondly, we substitute In MT?2 for In MT and use the GMM model to
analyze the influence path of agricultural mechanization. Table 6 reports those regression
results. The regression results in Tables 5 and 6 and Table 4 are highly consistent in terms
of positivity and significance. It shows that labor transfer, pesticide input and chemical
fertilizer input all have stable mediating effects between agricultural mechanization and
green agricultural development. Therefore, Hypotheses 2, 3 and 4 are proved.
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Table 5. Robust test 1: the differential GMM model.
Base Model Path 1 Path 2 Path 3
InGTFP InLT InGTFP InPI InGTFP InFI InGTFP
In MT 0.1193 *** 0.0250 ** 0.1002 *** 0.0542 *** 0.1047 ** 0.0470 *** 0.0853 **
(3.21) (4.02) (2.68) (2.77) (2.33) (3.05) (2.55)
0.2479 ***
InLT (3.43)
—0.0557 ***
In PI (-2.94)
0.1519 ***
InFI (8.05)
0.6072 *** 0.762 *** 0.6641 *** 0.5824 ***
InGTEP; (22.53) (18.68) (19.75) (23.68)
0.3225 ***
In LTy (1.71)
0.7791 ***
In Pl (28.79)
0.1702 ***
In PIt—Z (532)
0.6663 ***
InFl—y (15.19)
Controls Yes Yes Yes Yes Yes Yes Yes
Wald chi? 28,786.99 8684.05 16,822.02 18,821.68 44,958.54 4936.88 26,232.92
Sargan test 0.1778 0.5594 0.1077 0.7329 0.3233 0.0932 0.2055
AR (1) 0.0921 0.2013 0.0932 0.0009 0.0862 0.0011 0.0994
AR (2) 0.8297 0.2821 0.7989 0.6724 0.8536 0.0736 0.7404
N 496 496 496 465 496 496 496
Noted: ***, ** and * reflect the 1%, 5% and 10% significance levels respectively.
Table 6. Robust test 2: Replace In MT.
Base Model Path 1 Path 2 Path 3
InGTFP InLT InGTFP In PI InGTFP InFI InGTFP
In MT2 0.0846 *** 0.0263 *** 0.0778 *** 0.1991 *** 0.0987 *** 0.2649 *** 0.0484 **
(5.89) (2.70) (5.40) (5.75) (5.21) (10.87) (2.29)
0.2723 ***
InLT (5.33)
—0.0632 ***
In PI (—4.76)
0.1139 ***
InFI (4.47)
0.8113 *** 0.8161 *** 0.8729 *** 0.8344 ***
InGTFP (45.49) (24.60) (27.43) (34.94)
0.4475 ***
InLTe (19.48)
0.7233 ***
In Pl (24.84)
0.0829 **
In PIt—Z (292)
0.6032 ***
InFly (22.48)
Controls Yes Yes Yes Yes Yes Yes Yes
Wald chi? 22,578.47 19,751.03 14,009.68 5999.29 26,265.24 5146.35 142,278.27
Sargan test 0.8399 0.6970 0.7493 0.9948 0.8865 0.9969 0.9086
AR (1) 0.0779 0.0550 0.0734 0.0010 0.0722 0.0014 0.0671
AR (2) 0.9157 0.6877 0.8874 0.1895 0.9446 0.1163 0.8565
N 496 496 496 465 496 496 496

Noted: ***, ** and * reflect the 1%, 5% and 10% significance levels respectively.
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4.2. Analysis of Moderation Mechanism

According to the concept of beautiful countryside, China’s agricultural machinery is
showing a diversified trend that is larger, characteristic, intelligent and so on. The large-
scale trend of agricultural machinery is the most significant because of the subsidy policy,
cross-regional service and land transfer. From 2010 to 2017, the number of large and
medium-sized tractors in China raised from 3,921,700 to 6,708,000, an increase of nearly
70.86% calculated based on data from the National Bureau of Statistics. The moderation
effect of the large-scale trend of agricultural machinery on each path will be studied
as follows.

4.2.1. Estimation Results of Moderated Mediation Models

As shown in Table 7, the coefficients of In MT x In ML in the second column are all
significantly positive at the 10% level. The higher the proportion of large agricultural machin-
ery, the more agricultural mechanization can benefit the green development of agriculture
directly. It indicates that the application of large agricultural machinery has promoted the
supply-side structural reform of agricultural mechanization in China. The increase of the
proportion of large agricultural machinery has greatly promoted the level of agricultural
mechanization so that it provides strong support for green agricultural development.

Table 7. Estimation results of moderated mediation models.

Path 1 Path 2 Path 3
InGTFP In PI InGTFP InFI InGTFP
I MT 0.0160 * 0.0366 * 0.0647 ** 0.0656 **+* 0.0676 *** 0.0361 **
(1.85) (2.06) .71) (3.34) (2.34)
0.2385 ***
InLT (4.04)
—0.0649 **
InPI (=2.25)
0.1299 ***
InFI (5.69)
ML 0.0236 *** 0.0346 ** —0.0272 0.0349 * —0.0058 0.0316 **
2.17) (—1.49) (1.96) (—0.73) (1.99)
—0.0265 * 0.0877 *** 0.0088 0.0594 * —0.0333 0.0838 ***
In ML > In MT (—1.67) (3.26) (0.16) (1.88) (—1.08) (3.21)
0.8351 ** 0.8232 *** 0.7734 *#+
InGTFP;_4 (17.68) (19.63) (32.00)
3%
nIT, | 0.4164
0.8111 ***
In Pl (14.18)
0.0927 *
ln P1t72 (171)
0.7830 ***
InFli (23.89)
vigijglc:el S Yes Yes Yes Yes Yes
Wald chi2 15,445.90 22,668.10 2387.62 24,007.33 23,452.32 13,000.23
Sargan test 0.7672 0.7806 0.9944 0.8673 0.7764 0.8882
AR (1) 0.0645 0.0695 0.0005 0.0707 0.0010 0.0756
AR (2) 0.5527 0.8450 0.2190 0.9036 0.1316 0.8264
N 496 496 465 496 496 496

Noted: ***, ** and * reflect the 1%, 5% and 10% significance levels respectively.

In Path 1, the coefficient of In MT x In ML in the first column is —0.0265 significantly
at the 10% level. The coefficient of In LT is 0.2385 significantly at the 1% level. When the
proportion of large agricultural machinery is high, one unit of agricultural machinery input
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will replace less agricultural labor. As a result, there will be a smaller indirect effect of
agricultural machinery that is based on agricultural labor transfer. In Path 2 and Path 3,
both coefficients of In MT x In ML are negative but not significant at the 10% level. In the
process of large-scale development of agricultural machinery, the pollution of pesticides
and fertilizers to the ecological environment may be becoming more and more serious.
Another examination should be used to explore the moderation mechanism of agricultural
machinery with the large-scale trend.

4.2.2. Test of Moderation Mechanism

The simple slope test is chosen to verify the moderation mechanism of the large-scale
trend of agricultural mechanization [42]. First, the value of In ML is plus or minus one
standard deviation, respectively. Then the moderated mediation models are calculated,
and the changes of each path at different values of In ML are drawn in Figure 2. Figure 2
proves that the upsizing of agricultural machinery has significant direct and indirect
moderating effects on each path.
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Figure 2. Test results of the moderation mechanism. Noted: ***, ** and * reflect the 1%, 5% and 10%

significance levels respectively.

In Path 1, when In ML is subtracted by one standard deviation, the positive mediating
effect of In LT is significant. When In ML goes up by one standard deviation, the mediating
effect of In LT become smaller and not significant at the 10% level. It shows that the
large-scale trend of agricultural machinery has a significant indirect negative regulating
effect on Path 1. There were surplus agricultural labors at the early stage of agricultural
mechanization. The application of agricultural machinery could transfer lots of agricultural
labors with low-output efficiency effectively. However, most of those machines were small
and caused serious pollution to the environment. With the development of agricultural
mechanization, the problem of agricultural “hollowing out” is becoming more and more
serious. The shortage of labor supply has become the main problem that restricts green
agricultural development in China. At present, local governments should pay attention to
the “employment creation” function of agricultural machinery upgrading. The government
should increase investment in agricultural human capital to cultivate and introduce high-
quality agricultural personnel.
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In Path 2, when In ML is subtracted by one standard deviation, the negative medi-
ating effect of In PI is not significant. When In ML goes up by one standard deviation,
the negative mediating effect of In PI becomes more significant. At the early stage of
agricultural mechanization, there were many labors and small farm machinery for weed-
ing, deworming and so on. The higher the proportion of large agricultural machinery,
the stronger the dependence of agricultural production on pesticides. Because pesticides
possess the advantages of a low price and quick effect, agricultural mechanization has
boosted the demand for pesticides so that agricultural production has caused great pressure
on the ecological environment. For improving the efficiency of pesticide inputs, it is of
importance to standardize agricultural use standards and accelerate the mechanization of
pesticide spraying.

In Path 3, when the proportion of large agricultural machinery goes from low to high,
the positive mediating effect of In FI becomes weaker. It indicates that the large-scale trend
of agricultural machinery has a significant indirect negative adjustment effect on Path 3.
It is important for agricultural mechanization to use lots of fertilizer. The more agricultural
machinery is invested in, the more chemical fertilizer is used. With the large-scale trend of
agricultural machinery, artificial fertilization will be replaced with agricultural machinery
fertilization gradually. Moreover, the popularization of the green production concept has
accelerated the promotion of organic fertilizers, such as livestock manure and agricultural
waste. The efficiency of chemical fertilizer input will be improved. As a result, with the
large-scale trend of agricultural machinery, agricultural production will be less dependent
on fertilizer input.

5. Conclusions

For many countries, promoting agricultural mechanization is an important way to
increase agricultural production and reduce agricultural pollution emissions. It is im-
portant for green agricultural development to understand how machinery input affects
GTFP. In addition, the sustainable development of global agriculture will face more op-
portunities and challenges in the future because of the trend of large-scale development of
agricultural machinery. We analyzed the influence path of agricultural mechanization on
green agricultural development. The system GMM model was constructed based on the
provincial panel data from 2002 to 2018 in China. Then labor transfer, fertilizer input and
pesticide input were taken as intermediate variables to study the impact path of agricultural
mechanization. Moreover, the changing regular of different paths was explored under
different proportions of large agricultural machinery. The results show that agricultural
mechanization not only promotes the green development of agriculture directly but also
indirectly by transferring the agricultural labor force and increasing chemical fertilizer
input. However, due to the surge of pesticide demand, agricultural mechanization also has
caused more serious indirect pollution to the ecological environment. When the proportion
of large-scale agricultural machinery is high, agricultural machinery input has a more
obvious and direct effect in promoting the green development of agriculture. Moreover,
the large-scale trend of agricultural machinery can alleviate the demand for chemical
fertilizer and help reduce the dependence of green agricultural production on chemical
fertilizer input. However, the large-scale trend of agricultural machinery may make the
substitution effect of agricultural machinery on the agricultural labor force out of function.
It also fails to promote the effective integration of agricultural machinery and pesticides.
As a result, pesticide input increases so rapidly that it aggravates the deterioration of the
agricultural ecological environment.

Countries all over the world are speeding up the development of agricultural mech-
anization. There are some new directions of agricultural technology development that
include informatization, intelligence, scale and so on. For example, with the improvement
of the transfer system of land contractual management rights, the large-scale trend of agri-
cultural machinery will be further enhanced in China. Some suggestions on agricultural
mechanization are put forward based on the concept of green agricultural development:
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(1) Promote agricultural human capital investment by agricultural mechanization.
The agricultural mechanization with high quality not only can replace the surplus labor
force but can also cultivate new labors. Therefore, the government should strengthen the
investment of modern agricultural human capital. On the one hand, the government should
formulate preferential policies for human capital agricultural employment. The supply
structure of agricultural labors can be optimized and upgraded by training and introducing
new modern agricultural talents. On the other hand, education and training system about
local agricultural mechanization should be improved to realize the transformation of local
“old farmers” to “new modern farmers”. It will be helpful to share the fruits of agricultural
modernization with local farmers.

(2) Transform and upgrade agricultural mechanization based on the green production
concept. The large-scale transformation of agricultural machinery provides an oppor-
tunity to realize the reduction and efficiency improvement of chemical fertilizers and
pesticides. The government should publicize the concept of green agricultural production
and strengthen the training of green agricultural production actively. Those actions will be
helpful for farmers to allocate the production factors input of agricultural machinery, chemi-
cal fertilizer, pesticide and so on scientifically and rationally. It is also important to promote
the popularization of new green agricultural mechanization technologies that can increase
the input efficiency of chemical fertilizers and pesticides. For example, deep loosening,
no-tillage sowing, layered fertilizing and taking intelligent, precise application technology.
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