:' frontiers ‘ Frontiers in Sustainable Food Systems

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Md. Shakhawat Hossain,
Northwest AGF University, China

REVIEWED BY

Junjie Lin,

Ningde Normal University, China
Justice Gameli Djokoto,

Dominion University College, Ghana
Chong Zhou,

Suzhou University, China

*CORRESPONDENCE
Yuehong Pan
panyuehong@caas.cn

RECEIVED 04 July 2024
ACCEPTED 27 August 2024
PUBLISHED 16 September 2024

CITATION

Duan W and Pan Y (2024) Evaluation of the
sustainable development level of grain family
farms in main grain-producing areas based on
agricultural multi-function: a case study of
Hunan Province in China.

Front. Sustain. Food Syst. 8:1459688.

doi: 10.3389/fsufs.2024.1459688

COPYRIGHT

© 2024 Duan and Pan. 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.

Frontiers in Sustainable Food Systems

Type Original Research
PUBLISHED 16 September 2024
pol 10.3389/fsufs.2024.1459688

Evaluation of the sustainable
development level of grain family
farms in main grain-producing
areas based on agricultural
multi-function: a case study of
Hunan Province in China

Wei Duan'? and Yuehong Pan’*

tEconomic College, Hunan Agricultural University, Changsha, China, ?Finance Office, Hunan College
of Information, Changsha, China, *Agricultural Information Institute, Chinese Academy of Agricultural
Sciences, Beijing, China

Introduction: Grain family farms play an important role in promoting agricultural
modernization and rural revitalization in China. Taking Hunan Province as an
example, based on survey data from 400 grain family farms and agricultural multi-
function theory, 24 specific indicators were selected from three dimensions-
economic benefits, social benefits, and ecological benefits-to construct an
evaluation system for the sustainable development level of grain family farms.

Methods: The entropy weight TOPSIS method was used to measure the
sustainable development level of grain family farms in Hunan Province, and the
obstacle factor diagnosis model was used to explore the main obstacle factors
affecting the sustainable development of grain family farms.

Results: (1) The sustainable development level of grain family farms in Hunan
Province was classified as good overall with respect to the classification criteria
of existing relevant studies, but there were comparative differences in each
dimension among the four regions (central Hunan, northern Hunan, southern
Hunan, and western Hunan) of Hunan Province. (2) According to the diagnosis
and analysis results of the obstacle degree, the top six obstacle factors affecting
the sustainable development level of grain family farms in Hunan Province were
the effective use of water resources, soil protection, and improvement efforts,
the number of agricultural ecological culture inheritance activities, carbon
emission management, the number of jobs provided for farmers, and adaptability
to external environmental changes.

Discussion: Relevant policies and systems should be formulated based on local
conditions to enhance the integrity and synergy of the development of grain
family farms in Hunan Province and to enhance the sustainable development
ability of grain family farms in Hunan Province.
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agricultural multi-function, grain family farm, sustainable development, evaluation
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1 Introduction

Compared with other agricultural management models, family
farm with family operation as the main feature can make timely and
efficient production decisions according to weather changes and
plant and animal growth, which is highly adapted to the agricultural
production characteristics (Newsome et al., 2024; Verger and Le
Bars, 2024). More critically, it is a community of interests linked
by blood and marriage relationship, which can minimize the labor
management cost, and avoid the difficult problem of labor quality
supervision, so as to improve production efficiency and obtain
good economies of scale (Ge and Li, 2023; Kurlavicius et al., 2024).
Therefore, family farm is the preferred agricultural management
mode in most countries in the world, and has become the basic
most efficient management body of modern agriculture. Currently,
there are 608 million family farms worldwide, producing more than
80% of the world’s food (Liu, 2024; Xue et al.,, 2024). There is no
doubt that the sustainable development of family farms plays an
important role in global food security.

Under the background of agricultural marketization and
globalization, Chinese agriculture falls into the “small farmer
dilemma”, which delays the pace of China’s agricultural and rural
modernization. As the inheritance, innovation and perfection of
the household contract responsibility system, Chinese family farm
is a new agricultural management model suitable for Chinese
agricultural production characteristics and in line with China’s
agricultural development goal at the present stage (\Wu, 2022; Du,
2024), which can help Chinese agriculture get rid of the dilemma to
accelerate the construction of a powerful agricultural country in the
new era. In 2024, China noted that “the production and operation
level of family farms and farmers’ cooperatives should be improved,
and their capacity to serve and drive small farmers needs to be
enhanced.” According to statistics from Ministry of Agriculture
and Rural Affairs of China, as of May 2023, nearly 4 million family
farms had been included in the national list of family farms under
management, an increase of approximately 10.66 times compared
with the number (343,000) in 2015. However, at the same time as
this rapid growth in number, according to the investigations of the
authors, Chinese grain family farms are facing practical problems
such as weak market profitability, insufficient participation in
social responsibility, and insufficient ecological protection and
restoration, which hinders their sustainable development. It is
necessary to adopt reasonable and feasible methods to objectively
quantify the sustainable development level of Chinese grain family
farms and systematically explore the deep-seated reasons that
hinder their sustainable development.

Therefore, considering the important strategic position of food
security in major grain-producing areas, studying the overall level
and regional differences and obstacle factors of the sustainable
development of family grain farms in major grain-producing areas
of China from the perspective of agricultural multi-function can
promote progress in the sustainable development level of grain
family farms in major grain-producing areas. It can also provide
experience for the development of grain family farms in non-major

1 Available at: https://www.gov.cn/gongbao/2024/issue_11186/202402/
content_6934551.html
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grain-producing areas to jointly build the grain foundation for the
development of China’s agricultural modernization in the new era.

By combining the scholars’ relevant researches, it was found
that there are few studies on the sustainable development of family
farms. Based on the scope of the study, the few existing studies
on this topic have mainly focused on two perspectives: the whole
country and the region of the country. In terms of the perspective
of the whole country, considering that the development of family
farms in American, France, Japan and China is representative in
the world, we mainly review the research status of sustainable
development of family farms in the above four countries. Some
scholars found the sustainable development of American family
farms is due to its efficient production system, diversified
economic model, positive environmental protection measures,
the use of renewable energy, the contribution to social welfare
and the extensive application of high technology. Therefore, they
constructed an evaluation system to assess the level of sustainable
development of farms from the aspects of production efficiency,
economic diversity, ecological protection, energy use, social welfare
and agricultural technology application. The results showed that
the level is close to excellent. This provides valuable experience for
the development of Chinese family farms, and helps to promote
China’s agricultural modernization and the implementation of
Chinese rural revitalization strategy (Effland, 20225 Lacy et al,
2023). Some scholars constructed an index system from the aspects
of production efficiency, environmental management, economic
feasibility, social acceptance and agricultural innovation to evaluate
the level of sustainable development of French family farms. They
found that, along with American family farms, French family
farms are among the world’s leaders (Kahindo and Blancard,
2022; Lucas and Gasselin, 2022). Some scholars constructed an
index system from government support, agricultural cooperative
organization support, agricultural scientific institution support,
land transfer mechanism, brand management to evaluate the
sustainable development level of Japanese family farms. They
found that Japanese family farms were relatively successful in
sustainable development. The development experience of Japanese
family farms has important reference significance for the future
development of Chinese agriculture (Kurisu, 2023; Tanaka et al,
2023). Some Chinese scholars constructed an index system from
four aspects: labor quality, operation scale, economic efficiency,
and market access ability which they used to evaluate the level
of sustainable development of Chinese family farms. The results
show that the sustainable development index of Chinese family
farms is 0.25, which is low. They found that there are obvious
shortcomings in the development of Chinese family farms, such
as, low labor quality, insufficient marketization level and poor
income effect, which hinder their sustainable development to
some extent (Li, 2022; Zhao et al., 2022). Different from Li and
Zhao et al’ research results, some Chinese scholars constructed
an indicator system from government support, social services,
technological innovation, and environmentally friendly behavior.
They used the entropy weight method to evaluate the level of
sustainable development of Chinese family farms, and calculated
that the sustainable development index was 0.8, which is high. They
advocate that Chinese family farms have been strongly supported
by the government, and can realize intensive management and
effective allocation of agricultural land resources under a certain
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scale. They have strong vitality, strong competitiveness and modern
concepts, and have certain advantages in operation scale, decision-
making management, safety precautions, technology application,
brand benefits and other aspects (Liu, 2024; Zhang et al., 2024).

In terms of the perspective of the region of the country,
considering the compatibility of the existing literature with the
research topic of this paper, we mainly review the research status
of the sustainable development of family farms in China’s major
grain producing areas (Heilongjiang, Shandong, Henan, Sichuan,
Jiangsu, Hebei, Jilin, Hunan, Hubei, Anhui, Inner Mongolia,
Jiangxi). According to the economic and social development and
geographical location of each province, we only review the research
on the sustainable development of family farms in four of the
13 major grain-producing areas—Liaoning, Sichuan, Jiangsu and
Hunan. Some scholars selected 18 representative indicators from
the four levels of economic benefit, resource utilization, ecological
optimization and basic security to construct an evaluation index
system, and adopted entropy method to objectively evaluate the
sustainable development level of family farms in Liaoning Province.
They found a level value of 0.45. Economic benefit, resource
utilization, ecological optimization and basic security show a good
development trend, but the contribution of resource utilization
and ecological optimization to the overall development level is
low at present (Li et al, 2017; Dai, 2022). Some constructed
an index system from scale management, economic benefits,
land transfer, professional skills, and policy support to assess the
sustainable development level of family farms in Sichuan Province.
They believe that the development of family farms in Sichuan
Province has problems such as high land transfer costs and weak
professional skills (Fan, 2016; Yang and Zhuang, 2022). They
build an index system from agricultural technology innovation,
agricultural product quality and safety, market competitiveness,
and social responsibility to assess the sustainable development level
of family farms in Jiangsu Province. They argued that family farms
in Jiangsu Province had problems such as lack of technological
innovation ability and market competitiveness, which hindered
the sustainable development of family farms (Liu et al., 2020; Li
and Xu, 2021). As a main grain-producing area, Hunan Province
undertakes the important mission of China’s food security. It is
a fact that grain family farms bear the important task of grain
production and supply in Hunan Province. Considering the level
of social and economic development and geographical location,
Hunan Province can be divided into four regions: central Hunan,
northern Hunan, southern Hunan and western Hunan. From the
three dimensions of economy, society and ecology, an evaluation
system containing 28 specific indicators was constructed to evaluate
the level of sustainable development of family farms in Hunan
Province and its four regions. The results showed that the overall
level of sustainable development of family farms in Hunan Province
was close to ideal. For central Hunan, economic benefit is the first,
but ecological benefit is the last. Social benefit of northern Hunan
is the first. Ecological benefit is the first and social benefit the last in
southern Hunan. Economic benefit of Western region is the lowest.
The obstacles affecting the sustainable development of family farms
in Hunan Province are concentrated in the economic dimension (Ji
and Zeng, 2020; Tang, 2021).

In summary, existing studies on the sustainable development
of family farms have focused on two main perspectives: the whole
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country and the region of the country, and there is a lack of research
on the sustainable development of grain family farms based on
agricultural multi-function. However, as an important pillar for
ensuring food security, the sustainable development of grain family
farms based on agricultural multi-function plays an important
role in realizing the multi-coordination of food production,
ecological protection and social services in agricultural ecosystems.
By integrating ecological, economic and social functions, the
sustainable development of grain family farms helps to maintain,
not only the ecological balance and biodiversity in rural areas, but
also the long-term stability of rural society, and it promotes the
comprehensive improvement in agricultural sustainability. On this
basis, this paper takes Hunan Province, one of the main grain-
producing areas in China, as an example. Additionally, we use
the entropy weight TOPSIS method to measure the sustainable
development level of grain family farms. The obstacle factor
model is used to further analyze the main obstacle factors to the
sustainable development of grain family farms.

2 Theoretical basis

The concept of sustainable development was first used to
explain the scarcity of natural resources and environmental damage
(Wang G. Y. et al, 2023; Li et al, 2024; Niewiadomski and
Stachowiak, 2024). Since the 1980s, with the formation and
prevalence of the concept of sustainable development in the
world, the theory of sustainable development has been gradually
established and improved, and its connotation and essence can
be revealed from the following three main directions (Li, 2023;
Sasongko et al., 2024). Firstly, the direction of economics. It
takes regional development, production capacity layout, economic
structure optimization, physical supply and demand balance
as the basic content. Secondly, the direction of sociology. It
takes social development, social distribution, interest balance as
its basic content. Thirdly, the direction of ecology. It takes
ecological balance, nature protection, sustainable utilization of
resources and environment as the basic content. Therefore, the
theory of sustainable development is based on the current socio-
economic and technological conditions, and mainly relies on
scientific and technological progress, institutional innovation and
institutional reform to achieve the coordinated development of
economy, society and ecology (Deng et al., 2017; Biswas et al,
2021). Its fundamental task is the effective management and
protection of natural resources and ecological environment, and
in the process of achieving economic growth and development,
it not only pays attention to the improvement of product
quantity, quality and efliciency, but also pays more attention
to the coordination of economic benefits, social benefits and
ecological benefits, and promotes the sustainable development of
economy, society and ecology (Shi et al., 2019; Hao et al., 2022).
Agriculture sustainable development is an important part of the
theory of sustainable development, which should also pursue the
coordinated development of economic benefits, social benefits and
ecological benefits. There is no doubt that the benefits cannot be
obtained without the effective play of the functions. Therefore,
agriculture sustainable development depends on the effective use
of agricultural multi-function.
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Agricultural multi-function is a comprehensive concept of
agricultural development that emphasizes the multiple functions
of agriculture, covering the functions of the economy, society,
ecology and other aspects. Agriculture multi-function means
that agriculture has the function of producing food and plant
fiber, but also has the functions of environment, society, food
security, economy and culture (Yuan et al, 2023; Peng et al,
2024). The function carried by agriculture should be expanded
from a single production function to multiple functions such as
economy, ecology and culture (Zhang and Chen, 2022, 2023).
Rural development should be promoted from a single production
function to a comprehensive development of economic, social
and environmental functions, beyond the traditional production
activities of agricultural products, to formulate a richer and
diversified agricultural practice activities (Shi, 2023; Farley and
Schmitt, 2024). Agriculture is not only a simple act of producing
food and agricultural products which can stabilize the economy, but
also a complex system that has a profound impact on society and
the environment (Md Hamdan et al., 2024; Shen et al., 2024). Based
on this, we focus on economic, social and ecological functions
of agriculture.

First, from the perspective of economic functions, agricultural
multi-function emphasizes that agriculture makes multiple
contributions to the economic system and obtains good economic
benefits (Liu et al.,, 2020; Namany et al., 2022). Agriculture not only
meets humans’ need for food but also plays an important role in
creating job opportunities and driving rural economic growth. By
promoting the diversification of agricultural products and moving
up the value chain, agriculture can be a comprehensive economic
engine that contributes to the prosperity of rural communities and
promotes rural economy development (Ren et al.,, 2015; Ferrari
et al, 2022). Second, from the perspective of social functions,
agricultural multi-function focuses on cultivating and inheriting
rich rural culture and traditional customs, highlighting the
uniqueness of rural communities, helping to enhance farmers’
pride and identity, strengthening their sense of belonging to rural
communities, and promoting cohesion and social harmony in rural
communities. Finally, from the perspective of ecological functions,
agricultural multi-function is committed to promoting sustainable
agriculture and maintaining agricultural ecological security (Wang
D. D. et al, 2023; Lee and He, 2024). Adopting eco-friendly
agricultural methods, such as organic agriculture and farmland
ecosystem management, helps to reduce the pressure on soil, water
resources and ecosystems, achieve efficient use of resources, and
promote ecological balance and biodiversity protection, so as to
promote the sustainable development of agriculture (Fan et al,
2023; Seremesic et al., 2024).

As a practical embodiment of agricultural multi-function,
according to agricultural multi-function, grain family farms have
rich economic, social and ecological functions (Taysom, 2023;
Kurlavicius et al., 2024). In terms of economic functions, grain
family farms have injected vitality into the rural economy. By
diversifying the production and processing of agricultural products,
they have increased the added value of agricultural products,
created job opportunities and promoted economic growth in
rural areas. Farmers engage in agricultural production on grain
family farms to earn not only their own livelihood but also
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income through market sales so as to contribute to the rural
economy development (He and Wang, 2023; Dona et al., 2024).
In terms of social functions, grain family farms carry the mission
of traditional culture and community cohesion. On grain family
farms, farmers inherit farming skills and living wisdom passed
down from generation to generation, and they carry forward rural
cultural traditions. This not only strengthens the cohesion of rural
communities but also promotes social harmony and stability so as
to achieve good social benefits (Li Z. J. et al., 2023; Sambuichi et al,,
2024). In terms of ecological functions, grain family farms have
adopted eco-friendly agricultural production methods. Through
organic agriculture and farmland ecosystem management, the
pollution of soil and water resources caused by fertilizers and
pesticides is reduced, and the health of the ecological environment
is protected. At the same time, grain family farms promote soil
protection and regeneration through reasonable farming rotation
and land management and maintain the balance and stability of
farmland ecosystems so as to achieve good ecological benefits
(Azima and Mundler, 2023; Zhu et al., 2024).Therefore, based
on agricultural multi-function, we construct an evaluation index
system of the sustainable development level of grain family
farms from three aspects: economic function, social function and
ecological function, including three dimensions: economic benefit,
social benefit and ecological benefit (Figure 1).

At present, the methods used by global scholars to evaluate
development level mainly include factor analysis method, analytic
hierarchy process and entropy weight method, which has been
widely used in the level evaluation of many industries. In
terms of factor analysis method, based on financial sustainable
development theory, the index data of commercial banks are
selected, and factor analysis method are used to measure and rank
the sustainable development level of commercial banks (He and
Li, 20125 Bayrakdaroglu and Yalcin, 2013). The index system for
evaluating the urban sustainable development level is constructed
from several aspects: economy, environment, resources, social
development and population. By selecting factor analysis method,
more original indexes can be synthesized into several fewer indexes
through dimensionality reduction (Gai et al., 2014; Guzman,
2020). From the point of view of the sustainable development,
the evaluation system of sustainable development index of rural
economy is constructed, and the sustainable development ability
of rural economy is evaluated and analyzed by factor analysis (Liu,
2015; Padda and Hameed, 2018). In terms of analytic hierarchy
process, based on energy economy theory, a comprehensive
evaluation system was constructed to measure energy sustainability
by integrating the subsystems of economy, society, institution
and environment, and the analytic hierarchy process was used to
evaluate energy sustainability from 2001 to 2011 (Xiang et al,
2016; Zaharia et al, 2019). The sustainable development index
of marine economy is constructed, and four indexes including
regional development, marine economy, marine resources and
environment, and marine talents and technology are selected to
establish the sustainable development index system of marine
economy, and the analytic hierarchy process is used to calculate
the weight of each index (Li et al., 2015; Karahalios, 2020; Lim
et al, 2024). In terms of entropy weight method, the evaluation
index system and entropy weight evaluation model of sustainable
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Evaluation index system of the sustainable development level of grain family farm
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FIGURE 1

Theoretical model of evaluation index system of the sustainable development level of grain family farm. (1) The red dotted boxes and their texts
explain the meaning of the arrow and blue dotted boxes. (2) The elements inside the blue dotted box are a unity. (3) Green solid boxes mean separate

elements.

development of regional innovation ecosystem are constructed,
and the obstacle degree model is used to analyze the constraints
affecting sustainable development (Zhang and Zeng, 2021; Li and
Cai, 2022). Evaluation indexes were constructed from several
aspects: agricultural input level, agricultural output level, rural
social development level and agricultural sustainable development
level. The entropy weight TOPSIS comprehensive evaluation
method was used to estimate the agricultural modernization
development level (Liu and Zhang, 2021; Wang and Tang, 2023; Li
Z.]. etal., 2023).

After reviewing the above three methods, it is found that most
scholars choose to use entropy weight method to carry out level
evaluation research. The possible reason is that compared with
other methods, the results obtained by entropy weight method are
more objective and accurate. Based on this, we use entropy weight
method to determine the weight of each indicator and avoid the
influence of human factors on the weight setting. Then we use
TOPSIS method to sort the evaluation objects according to these
weights, and finally get the relative merits and demerits of the
evaluation results, making the evaluation process more systematic
and scientific.

3 Materials and methods

3.1 Overview of the study area
As a major agricultural province and one of the major grain-

producing areas in China, Hunan Province is rich in agricultural
resources and has a long history of farming. Located in the middle
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of China, the province has a mountainous terrain, rich water
systems and a mild and humid climate suitable for grain growth.
Due to Hunan’s abundant resources, the grain planting area is vast,
and the output is stable. According to Chinas National Bureau
of Statistics, the grain sown area of Hunan in 2023 was 11.77
million acres, exceeding the planned target by 0.017 million acres.
In 2023, Hunan’s total grain output was 30.68 million tons, an
increase of 0.5 million tons over 2022, an increase of 1.7%, and
standing above 30 million tons for four consecutive years, making
contribution to ensuring China’s national food security. Hunan
is playing a positive role in China’s food security. Based on a
comprehensive consideration of geographical location, landform
and economic and social development, the following research
areas were selected: central Hunan, northern Hunan, southern
Hunan and western Hunan. Central Hunan (red zone) includes
Changsha, Zhuzhou, Xiangtan, Loudi, and Shaoya. Northern
Hunan (yellow zone) includes Yueyang, Yiyang, and Changde.
Southern Hunan (purple zone) includes Chenzhou, Yongzhou and
Hengyang. Western Hunan (blue zone) includes Xiangxi Tujiazu
and Miaozu Autonomous Prefecture, Huaihua, and Zhangjiajie
(Figure 2).

3.2 Data source

The data in this study were collected from a questionnaire
survey of grain family farms of cities of four regions (central
Hunan, northern Hunan, southern Hunan and western Hunan) in
Hunan Province conducted from July to August 2023. A random
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FIGURE 2
The map of the study area.

sampling method was adopted to randomly select two counties
(cities) in each city (Table 1), two towns (townships) in each
county (city), and seven to eight grain family farms in each town
(township) to carry out online or offline questionnaire surveys. A
total of 420 questionnaires were sent out in this survey, and 400
valid questionnaires were recovered, for an effective response rate
of 95.24%.

3.3 Index system construction

Based on agricultural multi-function, the sustainable
development level of grain family farms is taken as the target
layer, which includes three parts, i.e., economic benefits, social
benefits and ecological benefits, that is, the criterion layer (Li
Y. Y. et al, 2023; Zeng et al., 2024). Following the principles of
objectivity, operability, comprehensiveness and sustainability,
24 specific indicators were selected to construct the index layer
(Table 2).

Our questionnaire sets these questions (indicators), such as
the ability to adapt to the external environmental changes and
market competitiveness. Each question (indicator) sets five options,
such as very weak, weak, general, strong, very strong. We sent
questionnaires to grain family farmers and asked them to fill them
out according to the actual situation of their farms. In order to avoid
the influence of this subjective factor on the evaluation results, we
specially introduced the weights determined by the entropy weight
TOPSISI method to make the evaluation results more objective and
fair. The reason is that entropy weight TOPSISI method combines
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information entropy and TOPSIS method to allocate weight and
reduce the influence of subjective judgment.

In terms of economic benefits, eight indicators were used
to measure the economic benefits of grain family farms: the
grain planting area, the number of farmer jobs provided,
agricultural innovation and technology promotion, participation
in the agricultural value chain, income from agricultural market
sales, income from agricultural tourism and rural experience, the
ability to adapt to external environmental changes and market
competitiveness. An increase in the grain planting area improves a
farm’s output and income level but also increases the farm’s cost and
risk, which must be taken into account when the farm is making
operational decisions (Fu and Li, 2024; Pérez-Piza et al, 2024).
Farm operators need to comprehensively consider the benefits,
costs, risks and returns and formulate a reasonable grain planting
area plan to ensure the stable and sustainable development of
the farm economy. Providing farmers with jobs can increase the
labor force of grain family farms, improve production efficiency
and out-put, enhance the productivity and economic vitality of
grain family farms, help farmers increase their income, reduce the
risk of farmers returning to poverty, promote the development
of related industries, form a virtuous circle of the rural economy
and achieve the sustainable development of economic benefits
(Dai et al, 2024; Tuliende et al, 2024). Through agricultural
innovation and technology promotion as well as the adoption of
advanced technologies and innovative methods, farms can improve
production efficiency and product quality and reduce production
costs, thus strengthening the income effect. At the same time, active
participation in the agricultural value chain, including planting,
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TABLE 1 Distribution of counties in the survey area.

Study area

(1147

County

Number of

questionnaires
sent

Central Hunan Changsha Wangcheng 16
District
Changsha 14
County
Zhuzhou Youxian 15
County
Yanling County 15
Xiangtan Xiangtan 16
County
Xiangxiang City 14
Loudi Xinhua County 15
Lengshuijiang 15
City
Shaoyang Longhui 15
County
Dongkou 15
County
Northern Hunan Yueyang Xiangyin 14
County
Pingjiang 16
County
Yiyang Nanxian 16
County
Heshan 14
District
Changde Taoyuan 15
County
Hanshou 15
County
Southern Hunan Chenzhou Guiyang 16
County
Anren County 14
Yongzhou Lengshuitan 16
District
Dong’an 16
County
Hengyang Hengyang 14
County
Hengshan 14
County
Western Hunan Xiangxi Jishou City 14
Tujiazu and
Miaozu h
Autonomous | Fenghuang 14
Prefecture County
Huaihua Yuanling 16
County
Xinhuang 16
County
Zhangjiajie Cili County 15
Sangzhi 15
County
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processing, marketing and other links, can help expand the market
share of agricultural products, expand sales channels, and further
promote the steady growth of the farm economy. Income from
sales in agricultural product markets provides a stable source of
income for farms, while income from agricultural tourism and rural
experience adds diversified income channels for farms, which can
revitalize the farm’s economy (Savickiene and Miceikiene, 2018;
Boudedja et al., 2024). This diversified source of income not only
contributes to the economic resilience and sustainability of farms
but also provides consumers with the opportunity to interact with
nature and agriculture, driving the development of rural tourism.
Effective adaptability to the external environment enables farms
to flexibly adjust their production strategies, cope with challenges
such as climate change and fluctuating market demand, and ensure
sustainable and stable production. At the same time, having strong
market competitiveness can cause a farm to stand out in fierce
market competition, increase its sales opportunities and profits, and
ultimately achieve economic growth.

In terms of social benefits, we hold that social benefits include
eight indicators: the promotion of rural neighborhood ties and
a sense of community, the frequency of rural education and
skill training, the intensity of social services and support, the
frequency of agricultural temple activities, participation in rural
governance, the degree of social mutual assistance and cooperation,
the improvement degree of social health and life quality, and the
construction of rural civilization and public cultural space. The
promotion of rural neighborhood ties and a sense of community
not only enhances the interaction and cooperation between grain
family farms and surrounding communities, promotes information
exchange and resource sharing, and enhances the social influence
of farms, but also helps to enhance the mutual assistance and
support between farmers and farms, jointly cope with challenges,
and improve the risk resistance of farms to promote the sustainable
development and common prosperity of rural communities. The
increase in the frequency of rural education and skills training
enhances the knowledge level and skills of farm operators, improves
their ability in agricultural production and management, and
helps improve the production efficiency and competitiveness of
farms. The strengthening of social services and support provides
farm operators with more help and resources to enhance the
resilience of farms to risks, improve the living conditions of
rural communities, and enhance farmers’ sense of wellbeing and
belonging, thus promoting the stability and development of rural
communities and maintaining harmony and tranquility in rural
areas (Kostov et al., 2018; de Oliveira et al., 2024). Agricultural
temple activities not only enriches rural cultural life but also
enhances the sense of identity of farmers, enhances the cohesiveness
and cooperation between farms and farmers as well as rural
communities, and promotes the progress and development of
rural society. Participation in rural governance affects farmers’
understanding of and participation in policies, promotes order and
stability within rural communities, and is conducive to enhancing
the development potential of farms. The improvement in the degree
of social mutual assistance and cooperation enhances the sense of
cooperation and unity between farms and farmers, promotes the
sharing and reciprocity of resources, drives family farms to increase
production and strengthens the cohesion within rural communities
(Wuepper et al, 2021; Guevara-Hernandez et al., 2024). The
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TABLE 2 Index system for the sustainable development level of grain family farms.

Target layer

Level of sustainable development of
grain family farms

10.3389/fsufs.2024.1459688

Criterion layer Index layer Indicator quantization Indicator trend
Economic benefits Grain planting area (C,) <50 acres = 1, 50-100 acres = 2, +
100-150 acres = 3, 150-200 acres = 4,
200 acres or more = 5
Number of farmer jobs <50 jobs = 1, 50-100 jobs = 2, 100-150 +
provided (Cy) jobs = 3, 150-200 jobs = 4, 200 jobs or
more= 5
Agricultural innovation and Smaller = 1, small = 2, general = 3, +
technology promotion (Cs) large = 4, larger = 5
Participation in agricultural Very poor = 1, poor = 2, general = 3, +
value chains (Cy) good = 4, very good =5
Income from agricultural <200,000 yuan = 1, 200,000~ 500,000 +
market sales (Cs) yuan = 2, 500,000-800,000 yuan = 3,
800,000-1,100,000 yuan = 4, more than
1,100,000 yuan = 5
Income from agricultural <100,000 yuan = 1, 100,000-200,000 +
tourism and rural yuan = 2, 200,000-300,000 yuan = 3,
experience (Ce) 300,000-400,000 yuan = 4, more than
400,000 yuan = 5
Ability to adapt to external Very weak = 1, weak = 2, general = 3, +
environmental changes (C;) | strong = 4, very strong =5
Market competitiveness Very weak = 1, weak = 2, general = 3, +
(Cs) strong = 4, very strong = 5
Social benefits Promotion of rural Very weak = 1, weak = 2, general = 3, +
neighborhood ties and a strong = 4, very strong = 5
sense of community (Co)
Frequency of rural None = 1, one time = 2, two times = 3, +
education and skill training three times = 4, four times and more =
(Cio) 5
Intensity of social services Smaller = 1, small = 2, general = 3, +
and support (Cy;) large = 4, larger = 5
Frequency of agricultural None = 1, one time = 2, two times = 3, +
temple activities (Ci,) three times = 4, four times and more =
5
Participation in rural No participation = 1, occasional +
governance (Cy3) participation = 2, general = 3, frequent
participation = 4, full participation = 5
Degree of social mutual Very poor = 1, poor = 2, general = 3, +
assistance and cooperation good = 4, very good =5
(C14)
Improvement degree of Smaller = 1, small = 2, general = 3, +
social health and life quality large = 4, larger = 5
(Ci5)
Construction of rural Very poor = 1, poor = 2, general = 3, +
civilization and public good = 4, very good =5
cultural space (Cy6)
Ecological benefits Number of green None = 1, one type = 2, two types = 3, +
production behaviors (Cy7) three types = 4, 4 types and more =5
Maintenance of biodiversity | Very poor = 1, poor = 2, general = 3, +
(Cis) good = 4, very good =5
Implementation degree of Very low = 1, low = 2, general = 3, high +
organic agriculture (Ci9) =4, very high=5
Effective use of water Very low = 1, low = 2, general = 3, high +
resources (Cy) =4, very high=5
Intensity of soil protection Smaller = 1, small = 2, general = 3, +

and improvement (Cy;)

large = 4, larger = 5
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TABLE 2 (Continued)

Target layer

Criterion layer

Index layer

10.3389/fsufs.2024.1459688

Indicator quantization Indicator trend

Number of agricultural
ecological culture
inheritance activities (Cy,) 5

None = 1, one time = 2, two times = 3, +
three times = 4, four times and more =

Carbon emission
management (Cy3)

Very poor = 1, poor = 2, general = 3, +
good = 4, very good = 5

Status of ecological
development planning (Cy4)

Very poor = 1, poor = 2, general = 3, +
good = 4, very good = 5

improvement in social health and life quality affects the happiness
and life satisfaction of farmers and enhances the human capital and
sustainable development ability of farms. The improvement in the
construction of rural civilization and public cultural space enrich
the spiritual and cultural life of rural communities, enhance the
cultural heritage and soft power of communities, help to shape the
good image of rural communities, and promote the progress and
development of rural society.

In terms of ecological benefits, eight indicators were adopted
to reflect ecological benefits: the number of green production
behaviors, the maintenance of biodiversity, the implementation
degree of organic agriculture, the effective use of water resources,
the intensity of soil protection and improvement, the number
of agricultural ecological culture inheritance activities, carbon
emission management, and the status of ecological development
planning. Increasing the number of green production behaviors can
help reduce the use of chemical pesticides and fertilizers, reduce
soil and water pollution, protect the ecological environment and
biodiversity, promote soil health and water quality protection,
and ultimately improve the ecological health level of farms.
Good biodiversity maintenance helps to maintain ecological
balance and promote the stable and healthy development of
farmland ecosystems. The protection and restoration of diverse
biological communities can improve the natural control capacity
of farms, reduce the use of chemical pesticides, and reduce
the pressure on agroecological systems. The implementation of
organic agriculture can reduce the use of chemical pesticides and
fertilizers, reduce the pressure on agricultural ecosystems, and
promote the maintenance of ecological balance. The efficient use
of water resources can reduce the waste and over-exploitation of
water resources, promote the efficient recycling of water resources,
and ensure the stable and sustainable development of farmland
ecosystems (Silva et al, 2023; Casagrande et al, 2024). Active
soil protection and improvement work can increase soil fertility
and water retention capacity, improve the soil structure, and
promote plant growth and ecosystem restoration and development.
Holding activities to pass on agricultural ecological culture
will help farmers pass on traditional agricultural knowledge,
enhance ecological awareness, and promote the inheritance and
development of ecological culture. The effective management of
carbon emissions will help reduce greenhouse gas emissions, reduce
the impact of climate change, and contribute to the stability
of the environment and ecosystem. Scientific and reasonable
ecological development planning can guide the development of
grain family farms in the direction of sustainable development,
optimize the agricultural production structure, improve resource
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utilization efficiency, and enhance the ecological effect level
of farms.

3.4 Research methods

3.4.1 Entropy weight TOPSIS method

The entropy weight TOPSIS method has been widely used in
various research fields for evaluating indexes (Wang and Dong,
2023; Kumar et al., 2024). The reasons are as follows: first, it can
comprehensively consider the relative importance of each indicator
in the index system, effectively reflect the indicator information,
and objectively calculate the weight of each indicator; second, it
can make positive ideal solutions and negative ideal solutions have
certain stability, obtain better comparable results, and improve
the credibility of the results. We use the entropy weight TOPSIS
method to confirm and analyse the survey data with reference to
the results of existing research (Li Y. et al., 2023; Kumar et al., 2024).

(1) Standardized processing of index data

Positive indicators:

X/ij _ Xjj — min(X;) )

max(X;) — min(X;)
Negative indicators:

, max(X;) — Xj;
ij =

In Equations 1, 2, Xij’ is the normalized value, and Xj; is the
original value (the value of the initial data obtained through the
questionnaire) of the i-th indicator for thej-th farm.i = 1,2,--- ,m
(m is the number of indicators), andj = 1,2, - - - , n (n is the number
of farms). Following the research of Wang G. V. et al. (2023), the
data coordinates are translated to 0.01.

(2) Calculate the variation size of the index (p;;)

Y;
pij = n (3)
> Y
i=1

In Equation 3, Y;; = X,-j/ + A, and A is the translation distance.
(3) Calculate the information entropy of each indicator (E;)

1 n
5= ) ;p iinPi @

In Equation 4, E; > 0 ifpij =0,E;=0
(4) Determine the weight of each indicator (W;)
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TABLE 3 Evaluation criteria for the sustainable development level.

General Good
S; [0,0.3) [0.3,0.6) [0.6,1)
1—E;
Wi = m—l (5)
> (1—Ej)
i=1

(5) Construct the weighted normalization matrix of evaluation
indicators (Z)

Z=Y W= [z] (6)

mxn

o where

W is the weight vector established by the entropy weight method.

In Equation 6, the normalization matrix Y = [p,-j]

zjj is the index value of indicator i after weighted normalization of
the j-th farm.

(6) Determine the positive ideal solution (Z*) and negative
ideal solution (Z7)

Zt ={maxz;ili=1,2,3,---,m} ={z},z7,--- .z} (7
Zz- ={minz;jli=1,23,---,m} ={Z[.Z;,---.Z,} (8)
(7) Calculate the Euclidean distance
- 2
Df = | (ZF -2y ©9)
N i=1
- 2
D; = > @ -z (10)
N i=1
(8) Calculate the proximity degree
by
Si= ——— 11
' Df +D; ()

In Equation 11 (see procedure number eight), 0 < §; <
1, and the larger the value of §; is, the closer it is to the
maximum value, which means that the sustainable development
performance of grain family farms is greater; otherwise, the
sustainable development performance of grain family farms is
lower. With reference to the results of existing research (Li Y. et al,,
20235 Zhang, 2023; Li and Li, 2023), three intervals are created in
this study (Table 3).

3.4.2 Obstacle factor diagnosis model

The evaluation results of the entropy weight TOPSIS method
can reflect the level of sustainable development of grain family
farms, but it is more important to determine the importance of
each indicator. Therefore, we use the obstacle factor diagnosis
model to scientifically rank the obstacle degree of the sustainable
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TABLE 4 Information entropy and weight of the indicators.

Indicator name Information Weight
entropy

Grain planting area (C;) 0.9796 0.0862

Number of farmer jobs provided 0.9546 0.1913

(C2)

Agricultural innovation and 0.9662 0.1424

technology promotion (C3)

Participation in agricultural value 0.9709 0.1226

chains (Cy)

Income from agricultural market 0.9788 0.0894

sales (Cs)

Income from agricultural tourism 0.9799 0.0847

and rural experience (Cg)

Ability to adapt to external 0.9636 0.1533

environmental changes (C;)

Market competitiveness (Cg) 0.9691 0.1302

Promotion of rural neighborhood 0.9704 0.1360

ties and a sense of community (Co)

Frequency of rural education and 0.9661 0.1559

skill training (Cyo)

Intensity of social services and 0.9656 0.1583

support (Cy)

Frequency of agricultural temple 0.9717 0.1303

activities (Cy5)

Participation in rural governance 0.9741 0.1191

(Ci3)

Degree of social mutual assistance 0.9775 0.1034

and cooperation (Cy4)

Improvement degree of social 0.9809 0.0881

health and life quality (C;s)

Construction of rural civilization 0.9763 0.1090

and public cultural space (Cy6)

Number of green production 0.9864 0.0513

behaviors (Cy7)

Maintenance of biodiversity (Cis) 0.9689 0.1172

Implementation degree of organic 0.9674 0.1226

agriculture (Cy9)

Effective use of water resources 0.9577 0.1592

(C20)

Intensity of soil protection and 0.9500 0.1882

improvement (Cy;)

Number of agricultural ecological 0.9640 0.1356

culture inheritance activities (Cy,)

Carbon emission management 0.9619 0.1435

(Ca3)

Status of ecological development 0.9781 0.0825

planning (Cy4)

development of grain family farms to determine the importance of
each indicator. The specific calculation formula is as follows:

Wi

m
X W,
i=

j (12)
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TABLE 5 Proximity degree of the sustainable development level.

10.3389/fsufs.2024.1459688

Economic benefits Rankings 1 2 3 4
Proximity degree 0.380 0.407 0.396 0.370 0.348
Judging rating Good Good Good Good Good
Social benefits Rankings 2 1 4 3
Proximity degree 0.437 0.451 0.452 0.424 0.423
Judging rating Good Good Good Good Good
Ecological benefits Rankings 4 2 1 3
Proximity degree 0.371 0.330 0.361 0.429 0.363
Judging rating Good Good Good Good Good
Comprehensive Rankings 3 2 1 4
benefits
Proximity degree 0.393 0.389 0.397 0.410 0.378
Judging rating Good Good Good Good Good

In Equation 12, O is the obstacle degree, and Ij is the index
deviation degree, which can be expressed as the difference between
the optimal target value and the actual value of the indicator.

4 Results
4.1 Index weight distribution

Stata 15 software was used to calculate the information entropy
and corresponding weights of the 24 indicators. The results based
on the entropy weight TOPSIS method are shown in Table 4
below. The number of farmer jobs provided (0.19), the intensity
of soil protection and improvement (0.19), the effective use of
water resources (0.16), and the intensity of social services and
support (0.16) are the top four in terms of weight. The number
of green production behaviors (0.05), the status of ecological
development planning (0.08), income from agricultural tourism
and rural experience (0.0847), and the grain planting area (0.09)
are the last four.

4.2 Evaluation of the sustainable
development level of grain family farms

Based on the entropy weight TOPSIS method, the proximity
degree of the sustainable development level of grain family farms
in Hunan Province, central Hunan, northern Hunan, southern
Hunan and western Hunan was obtained (Table 5). The closer the
proximity degree is to 1, the higher the sustainable development
level is. From the perspective of comprehensive benefits, the
proximity degree of Hunan Province is 0.393. According to Table 3,
the overall sustainable development level is classified as good, which
is worse than the results in the existing literature. Compared with
previous research, we consider more social benefits and ecological
benefits, and less economic benefits. Therefore, social benefits and
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ecological benefits are given more weight, but their ratio is smaller,
so the overall level of sustainable development of grain family farms
obtained by the comprehensive calculation in Hunan Province
is smaller.

However, we need to explore the sustainable development level
of grain family farms in four regions of Hunan Province. Therefore,
we present the sustainable development level of grain family farms
in four regions of Hunan Province (Table 6).

The following contents describe the results at each of the
four regions.

Firstly, the sustainable development level of grain family farms
in central Hunan. Central Hunan includes Changsha, Zhuzhou,
Xiangtan, Loudi, and Shaoyang. In terms of comprehensive
benefits, the proximity degree of central Hunan is 0.389, ranking
third, and the comprehensive benefit performance is not good.
However, from the perspective of economic benefits, central Hunan
performs better, ranking first with a proximity degree of 0.407.
In terms of social benefits, central Hunan performs well, ranking
second with a proximity degree of 0.451. However, from the
perspective of ecological benefits, the proximity degree of central
Hunan is 0.330, ranking last. The findings here are consistent with
those in the existing literature. Please see Section 5.1 of this article
for reasons.

Secondly, the sustainable development level of grain family
farms in northern Hunan. Northern Hunan region includes
Yueyang, Yiyang, and Changde. In terms of comprehensive
benefits, the proximity degree of northern Hunan is 0.397, ranking
second. From the perspective of economic and ecological benefits,
the proximity degree of northern Hunan is 0.396 and 0.361,
respectively, ranking second, while from the perspective of social
benefits, the proximity degree of northern Hunan is 0.452, ranking
first. The findings here are consistent with those in the existing
literature. Please see Section 5.1 of this article for reasons.

Thirdly, the sustainable development level of grain family farms
in southern Hunan. Southern Hunan region includes the cities of
Chenzhou, Yongzhou and Hengyang. In terms of comprehensive
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benefits, the proximity degree of southern Hunan is 0.410, ranking
first. From the perspective of ecological benefits, the proximity
degree of southern Hunan is 0.429, ranking first. From the
perspective of economic benefits, the proximity degree of southern

Ranking

Hunan is 0.370, ranking third. From the perspective of social
benefits, the proximity degree of southern Hunan is 0.424, ranking

last. The findings here are consistent with those in the existing
literature. Please see Section 5.1 of this article for reasons.
Finally, the sustainable development level of grain family farms

Comprehensive benefit
0.389
0.397
0.410
0.378

degree

in western Hunan. Western Hunan region includes Xiangxi Tujiazu

Proximity

and Miaozu Autonomous Prefecture, Huaihua, and Zhangjiajie.
In terms of comprehensive benefits, the proximity degree of the

Xiangxi region is 0.378, ranking fourth. From the perspective of
social and ecological benefits, the proximity degree of western
« ~ - = Hunan is 0.423 and 0.363, respectively, ranking third, while from

Ranking

the perspective of economic benefits, the proximity degree of
western Hunan is 0.348, ranking last. The findings here are

consistent with those in the existing literature. Please see Section
5.1 of this article for reasons.

Ecological benefit

0.330
0.361
0.429
0.363

Proximity
degree

4.3 Diagnosis and analysis of the obstacle
degree

Dimension

To further analyze the obstacle factors and their differences in
terms of the sustainable development level of grain family farms,

Ranking

we carry out an obstacle degree diagnosis analysis of the index layer
and ranks the top six indicator obstacle factors according to the
obstacle degree (Table 7).

The common obstacle factors that rank among the top six

a
=
9]
c
]
o]
o
]
(o]
(%]

factors affecting the sustainable development level of grain family

degree
0451
0.452
0.424
0.423

farms are mainly concentrated in the criterion layer of ecological

Proximity

benefits and economic benefits. The criterion layer of ecological
benefits includes four common obstacle factors: the effective use

of water resources (Cyg), the intensity of soil protection and

’

§ = improvement (Cy; ), the frequency of agricultural ecological culture

g - = _ - - - inheritance activities (Cy;), and carbon emission management

< T < o . .

3 0 5 (C23). The criterion layer of economic benefits includes two

< o common obstacle factors: the number of farmer jobs provided

g L (Cz) and the ability to adapt to external environmental changes

"3 g (Cy). Additionally, the common obstacle factors were the intensity

= > . . . .

£ S Z9 of social services and support (Cjj) (the criterion layer of
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c (i g o K a < & social benefits), mainly in southern Hunan and western Hunan.
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%’, g ° Compared with the research conclusions in the existing literature,

k) the conclusion here shows that the common obstacle factors are

[

H concentrated in not only the criterion layer of economic benefits,

b . 3 o . .

c é}a - g but also the criterion layer of ecological benefits and social benefits.
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5 ONS@ | »§8 OriI K2<&IN following two points. Firstly, compared with the existing literature,

£ we set up more indicators of ecological benefits and social benefits
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5 g g g and strengthened the monitoring of the pro-environment and
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l_"E’ g 2 = 2 social responsibility performance behavior of grain family farms.

o = g E; g Secondly, grain family farms may abdicate social responsibility

E:'I 8 3 3 § and carry out production behaviors that destroy the ecological

= environment in order to pursue short-term economic interests. The
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TABLE 7 Obstacle factors and the obstacle degree of the sustainable development level.

Index ranking

3 4
Hunan Province Obstacle degree 8.612% 8.540% 7.573% 7.253% 5.963% 5.853%
Obstacle factors C, Cy Ca3 C; Cy Cao
Central Hunan Obstacle degree 8.988% 7.190% 6.997% 6.453% 6.353% 6.275%
Obstacle factors Cy C; Cao Cp Cy Cas
Northern Hunan Obstacle degree 8.778% 7.680% 7.529% 7.462% 6.570% 5.760%
Obstacle factors Cy Cas C; G, Cxn Cao
Southern Hunan Obstacle degree 10.655% 8.590% 7.676% 7.279% 5.672% 5.647%
Obstacle factors C, Ca3 C; Cy Cy Cu
Western Hunan Obstacle degree 9.978% 9.117% 7.747% 6.615% 5.789% 5.204%
Obstacle factors C, Ca Cys C; Cu Cao

reason analysis for each common obstacle factor is provided in
Section 5.2.

5 Discussion

5.1 Analysis of reasons for the sustainable
development of grain family farms in four
regions

In terms of central Hunan, it is the economic center of
Hunan Province. According to the research on the relevant
literature mentioned above, its GDP in the first half of 2024
accounted for 51.68% of the whole Hunan Province (Ji and
Zeng, 2020; Tang, 2021). However, it may have been over-
pursuing economic development for a long time while ignoring
the protection and management of the agricultural ecological
environment and neglecting the value-added construction of
agricultural ecological economy (Effland, 2022; Lacy et al,, 2023),
resulting in the lowest ecological benefit ranking. There may be
some problems in central Hunan, including industrial pollution,
the over-development of land resources and the destruction of
the agroecological system, which not only cause direct damage to
the local agroecological environment but also negatively impact
people’s life quality and health and may even cause long-term
economic losses. This has a great negative impact on the economy,
society and ecology (Liu, 2024; Zhang et al., 2024). Therefore, the
development of the agricultural economy and the protection of the
agroecological environment should complement each other. Only
through reasonable planning and management can the sustainable
development of the economy, society and ecology be realized.

In terms of Northern Hunan, on the one hand, it may
have made remarkable progress in agricultural social governance
and public services such as the social security system and
community management mechanism, which provides a strong
auxiliary support for the social development (Li et al., 2017; Dai,
2022), thus driving the improvement in social benefits. On the
other hand, by guiding the optimization and up-grading of the
agricultural industrial structure and increasing the intensity of
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scientific and technological innovation, it may have made certain
achievements in the adjustment, transformation and upgrading
of the agricultural economic structure, promoted the sustainable
development of the agricultural economy to some extent, and laid a
solid economic foundation for the improvement in social benefits,
which promotes the harmonization of economic and social benefits
(Li, 2022; Zhao et al, 2022). In addition, northern Hunan may
pay attention to the protection and restoration of the agricultural
ecological environment. It may improve the quality of the local
agricultural ecological environment and provide a liveable living
environment by strengthening the management of the agricultural
environment and promoting the construction of an agricultural
ecological civilization and other measures, thus promoting the
improvement in social benefits, which promotes the harmonization
of ecological and social benefits (Kahindo and Blancard, 2022;
Lucas and Gasselin, 2022).

In terms of southern Hunan, Firstly, it may pay more
attention to the construction of an ecological civilization and
may take effective measures, such as strengthening agricultural
environmental management and promoting agricultural ecological
protection projects, to ensure the stability and improvement
in the local agricultural ecological environment, and it has
achieved remarkable results in the protection and restoration of
the agricultural ecological environment, receiving the highest
ecological benefit ranking (Kurisu, 2023; Tanaka et al, 2023).
Second, in terms of economic development and social progress,
there may still be realistic challenges and deficiencies in southern
Hunan, such as the relatively single economic structure, the
insufficient diversification of agricultural industry development,
and the low level of agricultural social governance and public
services, which limit the comprehensive performance of
agricultural economic and social benefits in southern Hunan,
resulting in relatively poor economic and social benefits (Li and
Cai, 2022; Zhao et al,, 2022). This situation is in sharp contrast
to its excellent performance in agricultural ecology. This seems
to contradict ecological benefits with economic benefit and social
benefit. In other words, while paying attention to ecology, it may
damage certain economic benefit and social benefit, but in the
long run, the good development of ecology will be compatible with
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and coordinated with economic and social development, and will
certainly promote the sustainable development of economy and
society, bringing good economic and social benefits to achieve the
coordinated development of the three (Ji and Zeng, 2020; Tang,
2021). Therefore, ecology, economy and society are a community,
and they ultimately can be promoted together.

In terms of western Hunan, On the one hand, the picturesque
scenery and beautiful ecological environment in western Hunan
attract a large number of tourists, promote the prosperity of local
tourism, provide rich employment opportunities for local residents,
and thus improve the life quality and social stability of residents,
obtaining some economic benefits and social benefits (Fan, 2016;
Yang and Zhuang, 2022). In addition, the profound cultural
heritage of Tujiazu, Miaozu in western Hunan makes it uniquely
attractive in terms of cultural tourism and folk performance, which
injects new vitality into the economic development of western
Hunan, helping improve economic benefits (Liu et al., 2020; Li
and Xu, 2021). On the other hand, compared with other regions,
western Hunan has a single economic structure, weak scientific
and technological innovation, and lagging agricultural industry
development, and it is limited by its geographical environment
and traffic conditions. Additionally, the degree of agricultural
modernization and the industrial chain are relatively weak. This
situation leads to a relative deficiency of economic benefits and
restricts the sustainable and healthy development of the economy,
resulting in the bottom of the comprehensive benefits (Fan, 2016;

Yang and Zhuang, 2022).

5.2 Analysis of reasons for the common
obstacle factors

In terms of the common obstacle factors of the criterion layer
of ecological benefits and economic benefits, the finding indicates
that grain family farms are facing great challenges in terms of
ecological environmental protection, and it also highlights their
inadequacy in terms of economic operation. This situation may be
due to the following reasons. First, the ecological environment is
damaged in the production and operation process of farms, and the
excessive use of resources leads to the deterioration of ecological
elements such as water resources and soil, which in turn limits
the production capacity of farms, leading to poor performance
of economic benefit, social benefit and ecological benefit (IMd
Hamdan et al., 2024; Shen et al.,, 2024). Second, factors such as
the insufficient inheritance of agricultural ecological culture and
inadequate management of carbon emissions reflect the lack of
ecological awareness and poor management level of farms, leading
to the depletion of the ecological environment and a weakening of
the self-regulation capacity of agro-ecosystems (Fan et al., 2023;
Seremesic et al., 2024). At the same time, problems related to
economic benefits may be related to the farm management system,
the market mechanism, policy support and other factors, which
require the joint efforts of the government, enterprises and farm
operators to achieve the improvement of economic benefits (Dona
et al., 2024; Sambuichi et al., 2024).

In terms of the common obstacle factors of the criterion
layer of social benefits, the finding reflects that the intensity
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of social services and support is one of the important factors
for ensuring the sustainable development of grain family farms.
The reasons may be that, first, there may be problems such as
delayed agricultural infrastructure construction and inconvenient
transportation in western Hunan and southern Hunan, making
it difficult for the government and other social institutions and
farms to deliver services and support to farmers, preventing the
realization of good social benefits (Reid-Musson et al., 20225 Azima
and Mundler, 2023). Second, there may be problems such as
an inadequate implementation of agricultural policies, insufficient
investment in agricultural funds, and a lack of agriculture-related
human resources, which limit the provision of services and
support, hindering the promotion of social benefits (Smedzik-
Ambrozy et al., 2021; Bojnec et al,, 2022). Third, there may also
be information asymmetry and a low level of awareness among
farmers, resulting in farmers’ weak awareness of the need for
external services and support, which in turn affects the provision of
services and support and then hinders good social benefits (Saggin
et al.,, 2018; Silva Junior and Pedlowski, 2022).

6 Conclusion

We construct an index system for the sustainable development
level of grain family farms, and uses this index system to compare
and analyze 400 grain family farms and diagnose the obstacle
degree. The following conclusions are drawn: (1) From the
perspective of the proximity degree, the sustainable development
level of grain family farms in Hunan Province is classified as good
overall, but there are comparative differences in each dimension
among the four regions. (2) According to the diagnosis and analysis
results of the obstacle degree, the top six obstacle factors affecting
the sustainable development level of grain family farms in Hunan
Province are the effective use of water resources, the intensity of soil
protection and improvement, the number of agricultural ecological
culture inheritance activities, carbon emission management, the
number of farmer jobs provided, and the ability to adapt to
external environmental changes. There are regional differences in
the ranking order of each obstacle factor. From the analysis of the
results, the suggestions are as follows.

6.1 Government actions

First, the government should increase its support for the
agricultural scientific and technological innovation of farms,
encourage farmers to adopt advanced planting technology and
management modes, and improve the efficiency and quality
of agricultural production. Second, infrastructure construction
should be strengthened, the levels of rural transportation, water
conservancy, power supply and other infrastructure should be
improved, and farm production and living conditions should be
enhanced. At the same time, the government should also strengthen
the training and skills upgrading of farm operators, improve
their agricultural production and operation management levels,
and enhance their ability to adapt to market competition. Third,
the government should formulate a sound policy system, create
a good market environment, provide more market information
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and support services for farms, and promote the development of
marketization and the branding of agricultural products. Finally,
the quality and safety of farm agricultural products should be
strengthened, the rights and interests of consumers should be
protected, and the competitiveness and market reputation of
farm agricultural products should be enhanced. In addition, the
government should strengthen the protection and management of
the agricultural ecological environment to promote the sustainable
development of farms, which ensures Chinese food security and
gives full play to the important role of farms in the process of
Chinese agricultural and rural modernization (Duan and Pan,
2024).

6.2 Environmental protection and
modernization

First of all, in central Hunan, we should strengthen the
protection and restoration of the ecological environment,
promote the transformation of farm production to eco-friendly
methods, and encourage farmers to adopt agricultural models
of environmental protection such as water-saving irrigation and
organic agriculture to improve the ecological benefits of farms.
Secondly, in northern Hunan, we should pay attention to the
development of agricultural social public welfare undertakings,
increase the income level of farms and farmers, and strengthen
infrastructure construction and the social service supply to improve
the life quality of rural residents and the social environment of
farm production. In southern Hunan, it is necessary to promote
the adjustment of the agricultural industrial structure, promote the
development of agricultural modernization, increase investment in
farm agricultural science and technology, improve farm production
efficiency, and strengthen farmer education and medical security
to improve social benefits. Finally, in western Hunan, we should
increase the support of farm funds and resources, encourage farms
to carry out diversified operations and industry development,
develop value-added services such as characteristic agricultural
products and rural tourism, enhance agricultural value added,
and strengthen ecological protection and land management to
achieve the coordinated development of economic, social and
ecological benefits.

6.3 Large scale and dimensional transverse
actions

There are commonalities in the obstacle factors of grain
family farms in different regions. First, we should strengthen the
protection and utilization of farm water resources, promote water-
saving irrigation technology, improve water resource management
systems, and ensure the rational use of water resources. Second,
we should strengthen the protection of farm soil, implement soil
protection policies, promote the use of organic fertilizers and
biological fertilizers, and improve soil quality and crop yield. At
the same time, we should strengthen agricultural ecological culture
inheritance activities of farms, carry out farming culture and
rural tourism activities, and enhance the environmental protection

Frontiers in Sustainable Food Systems

15

10.3389/fsufs.2024.1459688

awareness and ecological cultural literacy of farm operators and
farmers. In addition, the government should strengthen the
management of farm carbon emissions, formulate carbon emission
reduction plans, and promote the development of farm production
so that it is low carbon and environmentally friendly. At the
same time, the government should increase support for rural
employment and improve the quantity and quality of rural jobs.
Finally, the monitoring and early warning of changes in the external
environment of farms should be strengthened, counter-measures
should be formulated, and the adaptability of farms to changes in
the external environment should be improved.
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