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The impact of agricultural 
machinery services on farmland 
transfer: a analytical perspective 
based on the profitability of grain 
production
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Introduction: In the context of the deceleration of farmland scale management, 
a crucial question arises in agricultural development theory and practice: will 
service driven scale management in the production process become a viable 
alternative to farmland scale management, serving as the secondary pathway to 
achieve scale management in China?

Methods: To address this issue, an empirical analysis on the impact of agricultural 
machinery services on farmland transfer was conducted in this article using data 
from the China Rural Revitalization Survey database comprising 302 villages and 
2,871 micro-farmers in 2020 by utilizing the ordinary least squares method and 
instrumental variable method.

Results and discussion: The results show that the implementation of agricultural 
machinery services will increase the rate of farmland transfer in villages. The effect of 
agricultural machinery services on increasing the profitability of large-scale farmers 
surpasses its effect on smallholder farmers, thereby motivating smallholder farmers 
to transfer farmland to large-scale farmers, consequently fostering the consolidation 
of farmland. In addition, power-intensive service links are more effective in increasing 
the rate of farmland transfer and fostering the concentration of farmland transfer 
compared to control-intensive service links. The impact of agricultural machinery 
services on enhancing the rate of farmland transfer and fostering the consolidation 
of farmland transfer is more pronounced on the plain areas compared to the 
hillmountainous areas. Consequently, this article demonstrates that service-driven 
scale management and farmland scale management are not merely alternatives but 
rather complementary strategies that mutually reinforce each other.
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1 Introduction

In recent years, China’s domestic grain supply and demand market has been characterized by 
the “three highs” phenomenon comprising high output, high inventory, and high imports. This 
trend further highlights the lack of international competitiveness in China’s grain production, 
primarily attributed to the relatively small average farmland scale (Huang, 2000; Chen et al., 2022). 
Transitioning from fragmented smallholder farming to large-scale management is imperative for 
improving labor productivity and enhancing the international competitiveness of grain production 

OPEN ACCESS

EDITED BY

Yari Vecchio,  
University of Bologna, Italy

REVIEWED BY

Józef Ober,  
Silesian University of Technology, Poland
Francesco Bozzo,  
University of Bari Aldo Moro, Italy
Kamal Vatta,  
Punjab Agricultural University, India
Siphe Zantsi,  
Agricultural Research Council of South Africa 
(ARC-SA), South Africa
Giulia Gastaldello,  
Free University of Bozen-Bolzano, Italy

*CORRESPONDENCE

Wenrui Zhang  
 2019206018@stu.njau.edu.cn

RECEIVED 11 May 2024
ACCEPTED 03 September 2024
PUBLISHED 07 October 2024

CITATION

Zhang W (2024) The impact of agricultural 
machinery services on farmland transfer: a 
analytical perspective based on the 
profitability of grain production.
Front. Sustain. Food Syst. 8:1431005.
doi: 10.3389/fsufs.2024.1431005

COPYRIGHT

© 2024 Zhang. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Original Research
PUBLISHED 07 October 2024
DOI 10.3389/fsufs.2024.1431005

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2024.1431005&domain=pdf&date_stamp=2024-10-07
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1431005/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1431005/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1431005/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1431005/full
https://www.frontiersin.org/articles/10.3389/fsufs.2024.1431005/full
mailto:2019206018@stu.njau.edu.cn
https://doi.org/10.3389/fsufs.2024.1431005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2024.1431005


Zhang 10.3389/fsufs.2024.1431005

Frontiers in Sustainable Food Systems 02 frontiersin.org

in China (Foster and Rosenzweig, 2011; Xu, 2023). Despite the positive 
outcomes observed in the recent decades with the development of large-
scale management through farmland transfers, this approach has not 
significantly changed China’s grain production pattern. The data show 
that China’s average farmland scale in-creased from 5.36 acres in 2006 to 
7.09 acres in 2020. Despite this increase, by the end of 2020, 85.1% of 
farmers in China still had less than 10 acres of farmland, with 95.8% of 
farmers owning less than 30 acres of farmland (Statistical Annual Report 
on Rural Management in China, 2019–2020). Consequently, China’s 
farmland transfer rate began to decline annually after peaking at 38.90% 
in 2018. These trends indicate that both currently and for the foreseeable 
future, China’s grain production will primarily rely on 
smallholder farmers.

Under the current national and agricultural circumstances, scale 
management can be achieved by advocating for the establishment of an 
agricultural socialized service system, integrating traditional family 
management into a social network of agricultural activities, fostering 
connections between smallholder farmers and modern agricultural 
practices, and promoting service-driven scale management (Thapa et al., 
1998; Gillespie et al., 2010). Agricultural mechanization services (AMS) 
are crucial part of agricultural socialized services, and the field has gained 
substantial attention in ongoing discussions (Qian et al., 2022). By the 
end of 2020, China had 270 million farmers, with only 39.94 million 
farmers engaged in agricultural machinery investment, accounting for 
16.64% of the total farmer population (China Agricultural Machinery 
Yearbook, 2020). Nevertheless, China has achieved a comprehensive 
agricultural mechanization rate of 71.25%, primarily driven by the 
widespread adoption of efficient large-sized and medium-sized 
agricultural machinery, largely attributed to the rapid growth of the AMS 
market (Otsuka et al., 2013; Zhang et al., 2017; Yan et al., 2019).

In the context of the aging and increasing feminization of the rural 
labor force, the rapid development of AMS has provided farmers access 
to cost-effective mechanization services, effectively fulfilling their need 
for agricultural machinery in grain production. Smallholder farmers 
operate on a smaller farmland scale and encounter higher purchase costs 
from agricultural machinery, so AMS should be more appealing to them, 
increasing their operational profitability while preventing farmland 
transfer (Yang et  al., 2013). However, the reality was that a larger 
proportion of large-scale farmers adopted AMS compared to smallholder 
farmers.1 The average adoption proportion of AMS among smallholder 
farmers increased from 65.63% in 2009 to 71.64% in 2017, whereas the 
adoption proportion among large-scale farmers increased from 74.42 to 
81.36% (National Rural Fixed Observation Points, 2009–2017). 
Moreover, although smallholder farmers still constitute the majority of 
agricultural production in China, the number of large-scale farmers has 
been steadily increasing yearly. The number of farmers owning more 
than 50 acres of farmland increased from 2.74  million in 2009 to 
4.52 million by the end of 2020. The development of AMS did not seem 
to have slowed the concentration of farmland or the advancement of 
farmland-scale management (Yang et al., 2013). Therefore, in the context 
of the government’s initiatives to promote farmland scale management, 

1 China’s farmland is measured in acres (1 hectare is equal to two acres). The 

World Bank used a farmland scale of 30 acres (2 hectares) as the standard for 

dividing smallholder farmers and large-scale farmers, and this article will also 

use this as the standard.

does the development of AMS exacerbate farmland dispersion or 
promote farmland concentration? In addition, will it impede China’s 
progression toward farmland scale management?

Several studies have explored the effectiveness of service-driven scale 
management versus farmland scale management to address the issues 
mentioned above. China’s resource distribution, characterized by a high 
number of people and limited farmland, indicates the necessity of 
development of farmland scale management through farmland transfer 
(Fei et al., 2021; Zhang et al., 2022). This represents the farmland transfer 
from small farmers to large-scale farmers is main means of achieving 
farmland consolidation (Yan et  al., 2016; Li, 2023). Studies typically 
indicate that farmers’ decisions to transfer farmland are influenced by 
economic factors and mutual favors exchanged among farmers (Wang 
et  al., 2011; Liu, 2018). Some farmers forfeit farmland rent for other 
demands, leading to a significant proportion of farmland transfer among 
small-scale farmers, hindering the consolidation of farmland and the 
advancement of farmland scale management (Gao et al., 2012; Chen et al., 
2017). However, when the farmland rental price is higher, farmers may 
prioritize farmland rent over other demands. The farmland rent increases 
only when the recipients of farmland transfer-in get higher profitability of 
grain production compared to the recipients of farmland transfer-out, 
suggesting that farmers’ farmland transfer decision influenced by 
profitability of grain production essentially (Wang et al., 2018).

Existing research has acknowledged the impact of AMS on farmers’ 
grain production profitability and farmland transfer behavior. Specifically, 
AMS have effectively increased the profitability of grain production by 
alleviating constraints on production factors such as capital, lobar and 
technology (Guan and Alfons, 2006; Qiu et al., 2018; Zhang et al., 2011; 
Zhang et al., 2017), consequently increasing the rent for farmland transfer 
(Kang et al., 2020; Qing et al., 2019). In addition, most of these studies 
have argued that the development of AMS saves farmers’ family labor 
while avoiding the purchase of agricultural machinery by farmers 
themselves, thus contributing to increasing farmers’ profitability of grain 
production, which inhibits smallholder farmers from transferring their 
farmland to a certain extent (Huang and Ding, 2016; Sheng et al., 2017; 
Qiu et al., 2021; Chen et al., 2022).

Although previous research acknowledges the impact of AMS on 
farmers’ operating profit, it primarily focuses on small-scale farmers and 
does not comprehensively address the differences in AMS adoption by 
farmers at various farmland scales and does not delve into the 
interrelationships between the two types of scale management trajectories. 
These studies also fall short in fully elucidating the varying adoption rates 
of AMS among farmers and the intrinsic relationship between service-
driven scale management and farmland scale management. When large-
scale famers reap more benefits from AMS than smallholder farmers, they 
are more likely to adopt AMS instead of investing in agricultural 
machinery and paying higher farmland rent to acquire farmland from 
smallholder farmers (Houssou et al., 2013). Focusing solely on alleviating 
production constraints for smallholder farmers hinders a comprehensive 
understanding of the relationship between service-driven scale 
management and farmland scale management. Consequently, it is 
imperative to simultaneously evaluate AMS’s impact on large-scale 
farmers. This article proposes that AMS has varying impacts on alleviating 
constraints for small-scale and large-scale farmers. These effects change 
the profitability of grain production and disrupt the balance of supply and 
demand for farmland in the transfer market, subsequently influencing the 
expansion of farmland scale management.
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In this article, village-level and farmer-level data from the 
“China Rural Revitalization Survey” (CRRS) database, initiated by 
the Institute of Rural Development of the Chinese Academy of 
Social Sciences, were used to systematically explore the impact of 
AMS on farmland transfer rates and the consolidation of farmland 
transfer in villages. The primary contributions of this article can 
be grouped into two categories: on an academic level, it builds upon 
previous research by conducting a more in-depth analysis of the 
impact of AMS on the direction of farmland transfer. In addition, 
it highlights the varied effects of AMS on farmers’ profitability of 
grain production, which is a crucial determinant of farmland 
transfer behavior, thereby enhancing the research perspective on 
scale management. On a practical level, this article elucidates the 
intrinsic relationship between farmland scale management and 
service-driven scale management, offering valuable insights to 
facilitate the progress of scale management initiatives.

This article is structured as follows. Section 2 shows the 
theoretical relationship between AMS and farmland transfer and 
propose research hypotheses. Section 3 introduces the data 
sources and the construction of econometric models. Section 4 
presents the empirical exercise, generating new evidence on the 
relationship between AMS and farmland transfer from the village-
level and farmer-level data. Section 5 discusses the contribution 
of the article. Section 6 draws conclusions and lay out the 
policy implications.

2 Theoretical analysis and research 
hypotheses

This article contends that the impact of AMS on the profitability 
of grain production varies depending on farmland scale, disrupting 
the original balance between the supply side and the demand side in 
the farmland transfer market, and establishes an analytical framework 
as depicted in Figure 1.

2.1 The impact and mechanism of AMS on 
farmland transfer

2.1.1 The impact of AMS on the profitability of 
grain production

The neoclassical economic theory postulates that productivity is 
enhanced through division of labor and specialization. AMS involve 
traditional family management within social networks, enhancing the 
degree of division of labor in grain production. This effectively addresses 
the constraints faced by farmers regarding production factors while 
improving agricultural productivity. Specifically, AMS substitute manual 
labor with machinery, mitigating the challenge of insufficient labor in 
grain production (Xu, 2023). Moreover, AMS enable farmers to forego 
individual purchases of agricultural machinery, easing the capital 
constraints faced by farmers. Organizations providing AMS have more 
enhanced skills, reducing input requirements of production factors such 
as seeds, fertilizers, and pesticides. Furthermore, AMS help alleviate the 
technical constraints encountered by farmers (Wei and Lu, 2023).

The inherent characteristics of agriculture indicate that the 
benefits of intra-family division of labor are not apparent (Poulton 
et  al., 2010; Li, 2011). When farmers operate on relatively small 
farmland scale, their family labor can adequately manage the daily 
requirements of grain production, leading to relatively limited 
demand for AMS. However, as farmland scale expand, agricultural 
production faces significant constraints on production factors, 
intensifying the demand for labor, technology, and capital. This 
implies that large-scale farmers rely more heavily on the service 
market compared to smallholder farmers (Wang et al., 2011; Hong 
et al., 2017). Large-scale farmers, benefiting from concentrated and 
contiguous farmland and specialized regional cultivation, reduce the 
transfer costs associated with agricultural machinery across different 
plots. This approach maximizes the operational efficiency of 
agricultural machinery and enhances bargaining power, facilitating 
the realization of economies of scale from AMS. Theoretically, the 
higher number of AMS links adopted by farmers, the more significant 
the impact on mitigating factor constraints and reducing production 

FIGURE 1

The analysis framework of this article.
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costs they can achieve (Hicks and Taussig, 1932; Hayami and Ruttan, 
1985; Hansson, 2008). This indicates that, large-scale farmers reap 
significant benefits from AMS considering the perspective of 
substituting labor with machinery or saving costs on 
purchasing machinery.

2.1.2 The impact of AMS on farmland transfer rate 
and consolidation

China’s farmland scale management relies on the farmland 
transfer. Smallholder farmers are the main recipients of farmland 
transfer-out parties, whereas smallholder farmers and large-scale 
farmers are both recipients of farmland transfer-in owing to the 
resource characteristics of more people and less farmland (Liu et al., 
2019; Rogers et  al., 2021). The impact of AMS on increasing 
profitability of grain production will deter smallholder farmers from 
transferring farmland, resulting in a shift of the farmland supply curve 
from 0S  to 1S  on the supply side of farmland (Figure 2). The impact of 
AMS on enhancing the profitability of grain production of large-scale 
farmers will encourage them to transfer farmland and scale up their 
farmland scale, leading to a shift of the demand curve from 0D  to 1D  
on the farmland demand side. AMS has a more pronounced effect on 
increasing profitability of grain production for large-scale farmers, 
thus the farmland demand curve shifts to the right more than the 
supply curve shifts to the left. Consequently, this results in an increase 
in farmland transfer rent ( 0P shifts to 1P ) and increase in volume of 
farmland transactions ( 0Q  shifts to 1Q ).

The resource endowment characteristic of a high population and 
limited farmland in China determines that farmland transfer among 
smallholder farmers has always been prevalent (Chen et al., 2017). 
Due to the impact of AMS on increasing the profitability of grain 
production for large-scale farmers surpasses its effect on smallholder 
farmers, smallholder farmers cannot achieve marginal returns 
comparable to those of large-scale farmers through AMS, so they are 
inclined to make a more rational decision to transfer farmland to 
large-scale farmlands to obtain higher rental income (Zhang et al., 
2020a,b; Wang et al., 2023). Therefore, the development of AMS helps 
to increase the farmland transfer rate in villages, fostering the 
consolidation of farmland transfers to some extent.

On the basis of the above analysis, this article proposes the 
following two research hypotheses.

Hypothesis 1: The development of AMS will increase the farmland 
transfer rate in villages.

Hypothesis 2: The impact of AMS on increasing the profitability of 
grain production for large-scale farmers surpasses its effect on 
smallholder farmers, thereby motivating smallholder farmers to 
transfer farmland to large-scale farmers, consequently fostering 
the consolidation of farmland.

2.2 Heterogeneity in the impact of AMS on 
farmland transfer

2.2.1 The impact of AMS in different service links 
on farmland transfer

Although AMS generally contribute to an increase in the rate of 
farmland transfer and facilitate the consolidation of farmland 
transfer, their impact varies across different service links due to 
differences in production technologies. In practice, AMS can 
be  categorized into power-intensive service links and control-
intensive service links, based on the degree of power size demand 
and management skills required (Pingali, 2007). Power-intensive 
service links are characterized by high labor intensity and significant 
physical exertion, requiring substantial power and energy support. 
Additionally, these service links are highly standardized, making 
them more suitable for replacement by agricultural machinery 
instead of manual labor, such as cultivation, harvesting, irrigation, 
and vehicle transportation. Control-intensive service links require 
higher levels of specialized expertise and skills, mainly focusing on 
the management and operation of grain production, even when labor 
is replaced by machinery. It is relatively challenging to completely 
replace these links with machinery, such as seeding, fertilizing, and 
spraying.2

Larger-scale farmers require a higher degree of mechanization to 
replace labor from the perspective of extending crop growth time or 
minimizing marginal output losses resulting from farmland scale 
expansion (Otsuka et al., 2013; Adamopoulos and Restuccia, 2014; 
Zhang et al., 2017). Power-intensive service links, characterized by 
standardized operational procedures, are more readily able to 
substitute labor with machinery in agricultural production, promoting 
large-scale farmers to increase farmland scale and achieving the 
concentration of farmland transfers (Foster and Rosenzweig, 2022). 
Conversely, control-intensive service links require advanced expertise 
and operational skills, posing challenges to achieve complete labor 
substitution with machinery, especially in tasks such as fertilization 
and pesticide application. Additionally, due to the increased cost of 
services driven by labor participation, it has also limited the potential 

2 According to “the Opinion on Promoting the Mechanization of Major Crop 

Production” issued by the Ministry of Agriculture on August 11, 2015 (http://www.

moa.gov.cn/nybgb/2015/jiuqi/201712/t20171219_6103769.htm), cultivation, 

seeding, harvesting, fertilization, spraying, irrigation, drying, straw treatment are 

the key links in the entire mechanization process. In China, the drying and straw 

treatment links are still in early stages and the related data is relatively scarce. Given 

the availability of data, this article selects the six links, including cultivation, seeding, 

harvesting, fertilization, spraying, and irrigation, as the research object of AMS.

FIGURE 2

The impact of AMS on the farmland transfer market.
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growth in profitability of grain production, weakening the role of AMS 
in promoting farmland transfer.

Based on the above analysis, the following hypothesis is proposed.

Hypothesis 3: Power-intensive service links have a greater 
influence on increasing the rate of farmland transfer and fostering 
the consolidation of farmland transfer compared to control-
intensive service links.

2.2.2 The impact of AMS in different topography 
on farmland transfer

The impact of AMS on farmland transfer is constrained by the 
topographical features of farmland (Xu and Zheng, 2017). In flat 
terrain areas such as plains, the even topography of farmland facilitates 
the extensive substitution of labor with agricultural machinery and 
maximizes machinery’s operational efficiency (Riordan and 
Williamson, 1985; Gillespie et  al., 2010; Daum et  al., 2021). This 
enhances the impact of increasing farmers’ profitability through the 
adoption of AMS and augments the potential for effective farmland 
transfer. In hilly and mountainous areas, the rugged terrain and 
fragmented, dispersed farmland parcels pose challenges to the 
substitution of labor with agricultural machinery and reduce the 
efficiency of machinery operations. Consequently, AMS’s positive 
impact on farmland transfer is weakened. This demonstrates that the 
terrain characteristics of farmers’ farmland influence the impact of 
AMS on their profitability of grain production.

Therefore, the following hypothesis is proposed.

Hypothesis 4: The topographical features of farmland impede the 
operational efficiency of AMS. The impact of AMS on farmland 
transfer is more pronounced on the plain areas compared to the 
hill-mountainous areas.

3 Research design

3.1 Data sources

The data analyzed in this article are from the China Rural 
Revitalization Survey (CRRS), a database that comprises information 
from a comprehensive nationwide rural tracking survey conducted by 
the Institute of Rural Development, Chinese Academy of Social 
Sciences. The initial phase of this large-scale survey is conducted from 
August to September 2020  in 10 provinces, covering 50 counties 
(cities) and 156 townships (towns) across the country. It involved the 
collection of over 300 village questionnaires and more than 3,800 
farmer household questionnaires, capturing data from over 15,000 
family members. The dataset comprised three key components: 
individual data, farmer data, and village data. The individual-level data 
encompasses the of respondents’ basic characteristics, education 
status, and employment status. The farmer-level data comprised 
demographic characteristics, income and expenditure patterns, crop 
planting practices, farmland transfer records, and other relevant 
aspects. The village-level data included population demographics, 
organizational structures, farmland conditions, rural development 
initiatives, and agricultural production and operations.

This article uses five standard deviations from the average 
farmland scale as the threshold to remove samples, and also excludes 

samples with missing key information. After eliminating outliers and 
missing values, the dataset comprised 302 village samples and 2,871 
farmer samples (Table  1). Village samples are primarily used to 
analyze the impact of AMS on farmland transfer, with the relationship 
between the two being influenced by the geographic characteristics of 
grain-producing areas. For instance, the Northeast region has flat 
terrain and higher continuity of farmland; the Southwest region 
features rugged terrain with fragmented farmland; and the Southeast 
region, while relatively flat, has a dense population leading to lower 
per capita farmland. Overall, the article sample is quite balanced, 
including 159 rural samples from major grain-producing areas 
(Heilongjiang, Anhui, Shandong, Henan, Sichuan) and 143 rural 
samples from non-major grain-producing areas (Zhejiang, 
Guangdong, Guizhou, Shaanxi, Ningxia).3 Farmer samples are 
primarily used for mechanism testing. Our article samples include 
farmers growing single-season wheat, corn, and rice in villages. 
Wheat, corn, and rice are the three main staple crops grown in China. 
Among the samples, 752 are wheat farmers, 1,414 are corn farmers, 
and 705 are rice farmers. In contrast to previous studies that 
predominantly utilize samples of smallholder farmers, this article’s 
farmer sample includes not only smallholder farmers but also a 
significant number of farmers’ farmland scale exceeding 30 mu, thus 
possessing better representativeness and comparability. In the dataset, 
the average farmland scale of the sample farmers is 19.53 mu, of which 
345 farmers are classified as large-scale farmers, accounting for 12.02% 
of the total, and 2,526 farmers are categorized as smallholder farmers, 
representing 87.98% of the total.

3.2 Model construction

Since the dependent variable, the rate of farmland transfer and the 
concentration of farmland transfer, are continuous variables, this 
article will employ the Ordinary Least Squares (OLS) method, which 
is better suited for identifying the causal relationship between these 
variables. To illustrate the impact of AMS on farmland transfer in 
villages, we have established the following model based on data from 
302 village samples:

 ( ) 0 1 3_ .i i i i iTransfer Transfer con Se Zα α α ε= + + +  (1)

In Equation 1, the explanatory variable iTranfer  represents the rate 
of farmland transfer in village i. _ iTransfer con  represents the 
concentration of farmland transfer in village i. iSe  denotes the AMS at 
the village i. iZ represents a series of control variables, and iε  is the 
random disturbance term, assuming it follows a normal distribution. 

1 2 3, andα α α are the coefficients to be estimated in the model. Since 
the data used in this article comes from village-level surveys, there may 
be heteroscedasticity in the model’s random disturbances. To avoid 
incorrect standard errors in OLS estimates, the Breusch-Pagan test was 
employed to estimate heteroscedasticity. The results showed 

3 China’s grain production is divided into major producing areas (13 provinces) 

and non-major producing areas (18 provinces), with the major producing areas 

producing 78.56% of the country’s grain on 75.42% of the country’s sown area.
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(p = 0.000 < 0.05) that the null hypothesis was rejected, indicating that 
there is no heteroscedasticity issue in the model’s specification. 
Additionally, there may be positive correlations between the model’s 
core explanatory variables and some control variables, which could 
lead to multicollinearity problems in the model. To address this, a 
multicollinearity test was performed on the baseline regression model, 
and the results showed that the variance inflation factors (VIFs) are 
between 1 and 2, indicating that there are no significant 
multicollinearity issues among the variables. This article uses Stata 17.0 
to organize, analyze, and process the data from the research samples.

3.3 Variable definitions and descriptive 
statistics

3.3.1 The dependent variable
The dependent variables in this article include the rate of farmland 

transfer and the concentration of farmland transfer. The rate of 
farmland transfer is measured as the proportion of the transferred 
farmland to the total sown area in villages. The measurement of the 
concentration of farmland transfer is the proportion of farmland 
transferred to large-scale farmers to the total transferred farmland 
in villages.

3.3.2 The explanatory variables
The explanatory variable in this article is AMS. The calculation 

method is as follows: firstly, the proportion of the average service area 
in different links of rice to the total rice sown area in villages is 
computed as the AMS for rice. Secondly, the same method is applied 
to calculate the AMS for wheat and corn. Finally, the weighted average 
of the three crops in villages, using the ratio of sowing area of the three 
crops as weights, determines the AMS for grain crops in villages 
(Zhang et al., 2022).

3.3.3 The control variables
To address potential endogeneity and omitted variable issues, 

drawing on previous research findings, this article selects the following 
control variables: the average farmland rent, farmland resource 
endowment, the rate of non-agricultural employment, economic 

development, rural collective farmland ownership, employee wages, 
older population rate, female population rate, per capita disposable 
income, and transportation convenience (Zhang et al., 2022; Qiu et al., 
2021; Liu et al., 2019).

3.4 Descriptive statistics

In 2020, the National Bureau of Statistics reported a national 
farmland transfer rate of 35.90%.4 In the sample of this article, the 
average farmland transfer rate is 33.17%, with 61.46% of the 
transferred farmland going to large-scale farmers.5 Additionally, 
the average supply of AMS is 30.96%, indicating a comparable 
level of development in both scale management pathways. 
Furthermore, the per capita farmland area in the sample 
villages is only 3.36 mu, highlighting a pronounced resource 
endowment characteristic of a high population density and 
limited farmland. Descriptive statistics of relevant variables are as 
follows (Table 2).

4 Empirical results and analysis

4.1 Baseline regression

The baseline regression analysis was conducted using ordinary 
least squares (OLS) methods to validate the hypotheses proposed in 
the previous section in Table  3, and used a stepwise regression 

4 The National Bureau of Statistics is the statistical agency of the Chinese 

government responsible for organizing, leading, and coordinating national 

statistical work, and ensuring the authenticity, accuracy, and timeliness of 

statistical data.

5 The National Bureau of Statistics is the statistical agency of the Chinese 

government responsible for organizing, leading, and coordinating national 

statistical work, and ensuring the authenticity, accuracy, and timeliness of 

statistical data.

TABLE 1 Sample distribution of the villages and farmers.

Village Sample Farmer Sample

Province Sample size
(villages)

Proportion (%) Sample size 
(households)

Proportion (%)

Heilongjiang 33 10.93 310 10.80

Zhejiang 29 9.60 273 9.51

Anhui 28 9.27 294 10.24

Shandong 34 11.26 328 11.42

Henan 33 10.93 361 12.57

Guangdong 20 6.62 232 8.08

Sichuan 31 10.26 284 9.89

Guizhou 32 10.60 247 8.60

Shanxi 27 8.94 267 9.30

Ningxia 35 11.59 275 9.58

Total 302 100.00 2,871 100.00
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approach. Columns (1), (2) and (3) show that AMS significantly 
enhanced the rate of farmland transfer in villages, and columns (4), 
(5) and (6) show that AMS significantly promoted the consolidation 
of farmland transfer. For every 1% increase in AMS, the farmland 
transfer rate increases by 0.354% and the concentration of farmland 
transfer increases by 0.360%, thereby confirming Hypothesis 
1 and 2.

4.2 Endogeneity test

Considering the potential endogeneity between AMS and 
farmland transfer, the village with high rate of farmland transfer 
may facilitate the development of AMS, leading to endogeneity 
issues. Following the previous research, this article selects “the 
average AMS of villages in the town other than the local village” as 
the instrumental variable (Stock and Yogo, 2023). Due to similar 
AMS levels within the same township, this variable is highly 
correlated with the explanatory variables but has no direct impact 
on the dependent variable, meets the conditions for being an 
instrumental variable. The steps of the endogenous test are as 
follows: Firstly, this article conducted an endogeneity test for the 
regression model. The Durbin–Wu–Hausman test using OLS and 
Instrumental Variable (IV) estimators showed (p = 0.000 < 0.05) that 
the null hypothesis was rejected, indicating that the key explanatory 
variable, AMS, have an endogeneity problem; Secondly, this article 
conducted a weak instrument test for the model. The F-values of the 
weak instrumental variable test are 24.55 and 36.21 respectively, 
which are greater than the empirical value of 10 and there was no 
weak instrumental variable problem (Riordan and Williamson, 
1985). The regression results, as shown in Table 4, indicate that when 
using instrumental variables, AMS significantly enhanced the rate 
of farmland transfer and promoted the consolidation of farmland 
transfer in villages.

4.3 Robustness test

4.3.1 Substitute key explanatory variables
In this article, the village-level AMS is measured by the proportion 

of the area serviced by AMS for major crops relative to the total area. 
Due to price differences in different AMS links, farmers’ decisions to 
adopt AMS are also constrained by the price of AMS, the expenditure 
per mu on AMS in villages can reflect the development of village-level 
AMS. Therefore, this article conducts a robustness test using the per 
mu expenditure on AMS as a substitute variable for the supply of AMS 
(Xu, 2023). As shown in Table 5, the regression results show that the 
expenditure per mu still significantly enhanced the rate of farmland 
transfer in villages and promoted the consolidation of farmland 
transfer, which proves the results of this article have certain robustness.

4.3.2 Adjust regional dummy variables
To further control for differences in resource endowments across 

regions, the province dummy variables in model (1) were replaced 
with city and township dummy variables to ensure the stability of the 
econometric model. As shown in Table 6, the regression results for 
the city dummy variables remain significant and pass the 1% test, 
while the regression results for the township dummy variables, 
although still significant, show a decrease in significance to 10%. This 
may be related to the smaller sample size and lower variability at the 
township level. Overall, the impact of AMS on farmland transfer has 
not shown bias due to regional differences, demonstrating the 
robustness of the model specification.

4.4 Heteroskedasticity test

4.4.1 Heterogeneity in different service links
Based on the previous analysis, this article has divided AMS into 

power-intensive service links and control-intensive service links. 

TABLE 2 Village-level variables description and statistical analysis.

Variable name Variable definitions Mean Std. Dev.

The dependent variable

Farmland transfer rate The proportion of the transferred farmland area to the total sown area in villages (%) 33.17 29.13

Farmland transfer concentration
The proportion of farmland area transferred to large-scale farmers to the total transferred farmland in 

villages (%)
61.46 38.26

The explanatory variables

AMS The proportion of the service farmland area to the total area in villages (%) 30.96 23.54

The control variables

Farmland rent The average rent of farmland transfer in villages (yuan/mu) 490.81 0.49

Farmland resource endowment Per capita farmland area in villages (mu) 3.36 6.23

Non-agricultural employment rate The proportion of non-agricultural population to total household population (%) 29.56 27.97

Rural collective farmland 

ownership

Has the reform of the rural collective property rights system been completed? Not started yet = 1; in 

progress = 2; completed = 3
2.58 0.66

Employee wages Average wage of hired workers during busy farming season (yuan/day) 138.42 54.83

Older population rate The proportion of rural population aged over 60 to the total population (%) 29.09 15.97

Female population rate The proportion of rural female population to the total population (%) 52.18 21.82

Per capita disposable income Per capita disposable income (take the logarithm) (yuan) 15.29 18.59

transportation convenience Distance between village committee and township government (kilometer) 5.68 5.35
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Power-intensive service links mainly include cultivation, harvesting, 
irrigation, while control-intensive links involve seeding, fertilization, 
and spraying. The power-intensive is measured by the average 
proportion of service area in cultivation, harvesting, and irrigation 
links to the total crop sown area in villages. The measurement method 
for control-intensive service links is similar, considering seeding, 
fertilization, and spraying links’ averages. The estimation results, as 
shown in Table  7, indicate that power-intensive service links 
significantly increase the rate of farmland transfer in villages and foster 
the concentration of farmland transfer, passing the 1% significance test. 
However, the impact of control-intensive service links on farmland 
transfer rate is not significant. This suggests that, in the context of aging 
and feminization of labor in rural China, the demand for AMS among 
farmers remains focused on labor substitution by machinery, while 
control-intensive service links, though gradually gaining attention, are 
still in the developmental stage, thereby confirming Hypothesis 3.

4.4.2 Heterogeneity in different farmland 
topography

The impact of AMS on farmland transfer is constrained by the 
topography of farmland. This article divides samples into 

hill-mountainous areas and plain areas based on the “terrain” 
variable in the CRRS village-level data, and estimates the impact 
of AMS on farmland transfer separately. Columns (1) and (2) in 
Table 8 show that AMS significantly increase the farmland transfer 
rate and foster the consolidation of farmland transfer in plain-area 
villages, passing the significance test at the 1% level. Columns (3) 
and (4) indicate that although AMS increase the farmland transfer 
rate in hill-mountainous area villages, but the significance level is 
only 10%, and the impact on farmland concentration is not 
significant. This suggests that the impact of AMS on farmland 
transfer is constrained by farmland topography. Hypothesis 4 
is confirmed.

4.5 Mechanism test

This article argues that the heterogeneous impact of AMS on the 
profitability of grain production for both smallholder and large-scale 
farmers alters the balance between the supply side and the demand 
side of the farmland transfer market. The impact of AMS on increasing 
the profitability of large-scale farmers surpasses of its effect on 

TABLE 3 Regression results of AMS on the rate and concentration of farmland transfer in villages.

Variable name (1) (2) (3) (4) (5) (6)

The rate of farmland transfer The concentration of farmland transfer

AMS
0.368*** 0.381*** 0.354*** 0.381*** 0.303*** 0.360***

(3.25) (3.58) (3.91) (3.18) (2.78) (3.06)

Farmland rent
0.000 0.000* 0.000*** 0.000*

(0.18) (1.80) (1.35) (1.36)

Farmland resource 

endowment

−0.000 −0.000 −0.004* 0.000

(−0.18) (−0.15) (0.11) (0.11)

Older population rate
0.115 0.118 −0.013 −0.011

(0.93) (0.97) (−0.08) (−0.08)

Female population ratio
−0.006*** −0.012*** −0.017*** −0.121**

(−0.10) (−0.12) (−0.95) (−0.96)

Non-agricultural employment 

ratio

0.065 0.058 0.055 0.075

(0.70) (0.74) (0.69) (0.73)

Employee wages
−0.000** −0.000** −0.000*** −0.001***

(−0.12) (−0.48) (−2.31) (−2.31)

Rural collective farmland 

ownership

0.028 0.117***

(1.00) (3.21)

Per capita disposable income
0.000 −0.000

(0.41) (−0.20)

Transportation convenience
−0.011 −0.043

(−0.33) (−0.95)

Province dummy variables Controlled Controlled Controlled Controlled Controlled Controlled

Cons_
0.244*** 0.223*** 0.074*** 0.477*** 0.429*** 0.429***

(0.62) (0.69) (0.55) (3.41) (2.77) (2.44)

Adjusted R2 0.078 0.081 0.088 0.091 0.095 0.099

F-value 18.750*** 29.729*** 9.312*** 14.053*** 12.546*** 15.925***

Number of samples 302 302 302 302 302 302

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard errors are indicated in parentheses.
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smallholder farmers, thereby motivating smallholder farmers to 
transfer farmland to large-scale farmers, consequently fostering the 
consolidation of farmland transfer. To examine the mechanism 
proposed in this article, farmer-level data from the CRRS is utilized. 
This article constructed the following model:

 0 1 2 3 4β β β β β ε= + + + ∗ + +it it it it it it itP Se Land Se Land Z  (2)

In Equation 2, the dependent variable itP  represents the average 
profitability per mu from crop t  for farmer i. The key explanatory 
variable itSe  denotes the AMS for crop t  in village i as defined in 
Model (1). The variable itLand  represents the farmland scale of 
farmer i for crop t , and the variable i itSe Land∗  is the interaction 
term between the AMS and the farmland scale. The variable itZ  
includes a series of control variables, encompassing characteristics of 
the household head (gender, age, education level, health condition, 
employment status), farmer features (disaster exposure, participation 
in cooperatives, soil type, degree of farmland fragmentation), and 
village features (farmland rent, labor wages, transportation 
convenience). itε  represents the random disturbance term. 0β , 1β , 2β
, 3β , and 4β  are the coefficients to be estimated. Table 9 presents the 
regression results of the impact of AMS on farmers’ profitability of 
grain production. Column (1) reports the impact of AMS on the 

overall profitability of farmers, indicating that AMS have significantly 
increased the profitability of grain production. Column (2) shows 
that AMS continue to significantly enhance farmers’ profitability 
from grain production, while the impact of farmland scale on 
profitability is not significant. Column (3) shows that the interaction 
term significantly increased the profitability of farmers, suggesting 
that the impact of AMS on profitability becomes more pronounced 
with the expansion of the farmers’ farmland scale, thus validating the 
proposed mechanism in this article.

5 Discussion

In the context of the government’s initiatives to promote 
farmland scale management, does the development of AMS 
exacerbate farmland dispersion or promote farmland concentration, 
remains a question that existing research cannot adequately answer. 
Our finding may be  considered as an echo of the recent some 
discussions (Huang and Ding, 2016; Sheng et al., 2017; Qiu et al., 
2021; Chen et  al., 2022) that the development of AMS has 
exacerbated the fragmentation of farmland by inhibiting the 
farmland transfer as described in these literatures. In fact, the 
implementation of AMS will increase the rate of farmland transfer 
and motivate smallholder farmers to transfer farmland to large-scale 
farmers, consequently fostering the consolidation of farmland 
in villages.

In this article, the results of the impact of AMS on the rate of 
farmland transfer are consistent with the corresponding results 
(Zhang et al., 2022; Kang et al., 2020), however, their article do not 
identify the direction of farmland transfer. The sample selected in 
this article includes a considerable proportion of large-scale farmers, 
which is more conducive to comparing the profitability of grain 
production of different farmland scales and the direction of 
farmland transfer. The findings of this article suggest that large-scale 
farmers and smallholder farmers face varying degrees of constraints 
in terms of capital, technology, and labor. Consequently, these 
differences impact their ability to enhance profitability in grain 
production through AMS. Specifically, the effect of AMS on 
increasing the profitability of large-scale farmers surpasses its effect 
on smallholder farmers, thereby increasing the farmland rental fees, 
which is a crucial key factor in motivating smallholder farmers to 

TABLE 4 Regression results of the instrumental variable of AMS on farmland transfer in villages.

Variable name (OLS) (2SLS) (OLS) (2SLS)

The rate of farmland transfer The concentration of farmland transfer

AMS
0.354*** 0.297** 0.360*** 0.359**

(3.91) (2.12) (3.06) (1.97)

Control variable Controlled Controlled Controlled Controlled

Province dummy variables Controlled Controlled Controlled Controlled

Cons_
0.074*** 0.097*** 0.429*** 0.429***

(0.55) (0.69) (2.44) (2.37)

Adjusted R2 0.088 0.086 0.099 0.099

F-value 9.312*** 7.331*** 15.925*** 18.383***

Number of samples 302 302 302 302

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard errors are indicated in parentheses.

TABLE 5 Robustness test results: substitute key explanatory variables.

Variable name (1) (2)

The rate of 
farmland 
transfer

The 
concentration of 
farmland transfer

AMS fee per mu
0.018*** 0.046***

(4.72) (7.63)

Control variable Controlled Controlled

Province dummy variables Controlled Controlled

Adjusted R2 0.046 0.108

F-value 8.690*** 21.008***

N 302 302

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard 
errors are indicated in parentheses.
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transfer farmland to larger-scale farmers and achieving farmland 
consolidation. The evidence of this article precisely prove that the 
farmland scale management comes from the concentration of 
smallholder farmers, rather than the merger of large-scale farmers, 
which is consistent with the goal of farmland scale management 
in China.

This implies that the relationship between service-driven scale 
management and farmland scale management is more than a mere 
substitution dynamic, evolving into a mutually reinforcing and 
mutually beneficial relationship. The development of farmland scale 
management is intricately intertwined with the coordinated 
integration of AMS. This article primarily elucidates the impact of 
AMS on the farmland transfer market from the perspective of farmer 
profitability. However, high profits de not necessarily correspond to 
high yields. A classic “inverse relationship” exists between the scale of 
grain production and yield, wherein the larger-scale operations often 
correspond to lower grain yields (Feder, 1985; Barrett et al., 2010). 
Although AMS can promote farmland consolidation and the 
development of farmland scale management, the expansion of 
operational scale may lead to a decline in grain yield. Theoretically, 
this “inverse relationship” persists, but can AMS alleviate or even 
reverse its effects? Future research endeavors should address 
this question.

6 Conclusion and policy implications

The development of AMS, an innovative agricultural management 
method combining social division of labor and economies of scale, is 
an important catalyst for accelerating the modernization of 
agriculture. However, existing research on the relationship between 
service-driven scale management and farmland scale management 
lacks comprehensive depth, and the impact of AMS on farmers’ 
profitability of grain production of both farmland supply and demand 
sides remains ambiguous, impeding understanding of the underlying 
dynamics between the two avenues of scale management. In this 
article, this issue is explored from the perspective of the profitability 
of grain production using data obtained from the China Rural 
Revitalization Survey (CRRS) conducted in 2020. Our finding suggests 
that the development of AMS have significantly increased the 
farmland transfer rate and fostered the consolidation of farmland in 
villages, and its impact is pronounced on the plain areas compared to 
the hill-mountainous areas.

The policy implications derived from this finding are as follows: 
Firstly, since the development of AMS have prompted the 
consolidation of farmland, it indicates that China should enhance its 
focus on AMS while advancing farmland scale management, striving 
for synergistic development of two pathways. Secondly, the 

TABLE 6 Robustness test results: adjust regional dummy variables.

Variable name (1) (2) (3) (4)

The rate of 
farmland transfer

The concentration of 
farmland transfer

The rate of 
farmland transfer

The concentration of 
farmland transfer

AMS
0.150*** 0.145*** 0.165* 0.106*

(0.17) (0.21) (2.61) (4.90)

Control variable Controlled Controlled Controlled Controlled

City dummy variables Controlled Controlled

Township dummy variables Controlled Controlled

Adjusted R2 0.154 0.225 0.112 0.234

F-value 8.690*** 21.008*** 9.312*** 18.383***

N 302 302 302 302

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard errors are indicated in parentheses.

TABLE 7 Heterogeneity test results: the different service links.

Variable name (1) (2) (3) (4)

The rate of 
farmland transfer

The rate of 
farmland transfer

The concentration of 
farmland transfer

The concentration of 
farmland transfer

Power-intensive
0.281*** 0.295***

(3.75) (3.00)

Control-intensive 0.093 0.232

(0.84) (1.64)

Control variable Controlled Controlled Controlled Controlled

Province dummy variables Controlled Controlled Controlled Controlled

Adjusted R2 0.040 0.040 0.098 0.105

F-value 6.941*** 6.963*** 15.608*** 15.925***

N 302 302 302 302

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard errors are indicated in parentheses.
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complexity of terrain impedes the matching between AMS and 
farmers, reducing AMS’s effectiveness in promoting farmland 
transfer. Therefore, consideration should be given to using modern 
internet and artificial intelligence technologies to establish an AMS 
information service platform and improve its coverage. Lastly, 
attention should be given to the balanced development of different 
service segments, especially those requiring high technology and 
knowledge, and suitable agricultural subsidy policies for AMS should 
be considered.

Our article is not free of limitations. We particularly discuss 
two of them here. Firstly, farmland can be used for growing grain 
crops in addition to cash crops. If the motive of farmers to expand 
the farmland scale is only to plant cash crops with higher returns, 
then there will be bias in the empirical results, and this problem 
cannot be solved by adding better controls of the proportion of 
cash crops planted. The empirical results are more credible only 
when the effect of AMS on increasing the profitability of grain 
crop exceeds the profitability of cash crops themselves. Therefore, 
future research should seek to disentangle the relationship 
between AMS and farmers’ crop planting structure. Secondly, the 

data used in this article are cross-sectional data for the year 2020, 
but there may be a certain lag in the impact of AMS on farmland 
transfer, which is due to the fact that farmers make the decision to 
transfer farmland based on the magnitude of the returns from 
grain production in the previous year. Therefore, this issue can 
be explored in more depth if higher quality panel data is obtained 
in the future.
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TABLE 8 Heterogeneity test results: the different farmland topography.

Plain region group Mountainous and hilly region group

Variable name

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

The rate of 
farmland transfer

The concentration of 
farmland transfer

The rate of 
farmland transfer

The concentration of 
farmland transfer

AMS
0.126*** 0.471*** 0.016* 0.053

(2.72) (4.14) [0.23] [0.67]

Control variable Controlled Controlled Controlled Controlled

Province dummy variables Controlled Controlled Controlled Controlled

Adjusted R2 0.122 0.117 0.206 0.258

F-value 14.829 13.279 9.207 11.727

N 134 134 168 168

*, ** and *** indicate significance at the 10, 5 and 1% statistical levels respectively; standard errors are indicated in parentheses.

TABLE 9 Regression results of Mechanism test.

Variable 
name

(1) (2) (3)

The profitability of grain production per 
mu

AMS
0.195** 0.360*** −0.038

(0.09) (0.10) (0.06)

Farmland
−0.111 −1.845

(0.02) (0.04)

Interaction term
0.298***

(0.01)

Control variable Controlled Controlled Controlled

Province dummy 

variables
Controlled Controlled Controlled

Adjusted R2 0.079 0.102 0.610

F-value 11.413 13.817 167.887

N 2,871 2,871 2,871
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