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Abstract: Sustainable agriculture is crucial to the United Nations’ efforts to promote the Sustainable
Development Goals (SDGs). However, to develop successful policies and strategies, it is necessary to
assess the many obstacles to implementing sustainable agriculture. This study uses Multi-Criteria
Decision Making (MCDM) techniques to analyze the challenges and opportunities facing sustainable
agriculture in China’s economy, particularly in advancing the SDGs. Three enormous obstacles are
found in the study, along with fifteen smaller ones that are broken down into economic, social, and
environmental categories. The weights of the obstacles and sub-barriers are determined, and the
solutions for sustainable agriculture are ranked using the Analytical Hierarchy Process (AHP) and
Simple Additive Weighting (SAW) methodologies. According to the AHP approach, economic issues
are China’s most significant obstacles to sustainable agriculture, followed by environmental and social
concerns. Climate change and a lack of financial incentives are the two highest-ranked sub-barriers.
On the other hand, the SAW approach suggests that the best ways to achieve the SDGs through
sustainable agriculture are through international cooperation, financial investments in sustainable
agriculture, and alternative agricultural methods. In order to advance sustainable agriculture and
the SDGs in China, the report advises policymakers to focus on strengthening institutional support,
increasing public awareness, and making technological investments.

Keywords: sustainable agriculture; sustainable development goals; barriers; agriculture strategies;
AHP-SAW approach

1. Introduction

The United Nations has acknowledged sustainable agriculture as crucial to accom-
plishing the Sustainable Development Goals (SDGs) [1]. The SDGs serve as a worldwide
plea to end poverty, safeguard the planet, and guarantee peace and prosperity for all. Sus-
tainable agriculture can play a role in accomplishing various SDGs, including SDG 1 (No
Poverty), SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), SDG 12 (Responsible
Consumption and Production), and SDG 13 (Climate Action) [2]. Sustainable agriculture
entails a collection of principles and practices, including conservation agriculture, agro-
forestry, integrated pest management, and organic farming. These reduce agriculture’s
environmental impact and promote economic and social sustainability [3]. China’s rapid
economic growth in recent decades has increased demand for agricultural products. This
expansion has caused environmental degradation and social inequity, which are significant
issues [4]. China has turned to sustainable agriculture to promote social, economic, and
environmental sustainability [5]. This requires socially acceptable, commercially profitable,
and environmentally sustainable farming [6]. Sustainable agriculture in China means
boosting productivity, distributing gains fairly, and safeguarding the environment. Due to
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the government’s focus on sustainable development and public awareness, the country’s
sustainable agriculture has increased.

Several studies have highlighted the benefits of sustainable agriculture for achieving
the SDGs [7-9]. By increasing agricultural output and decreasing food loss and waste,
for instance, sustainable agriculture has the potential to enhance food security. Through
the provision of income and livelihood opportunities for smallholder farmers and the
promotion of rural development, sustainable agriculture can also aid in the reduction of
poverty. Additionally, sustainable agriculture can improve environmental sustainability
by lowering greenhouse gas emissions, protecting natural resources, and fostering biodi-
versity [10]. Sustainable agriculture may have advantages, but some obstacles prevent its
widespread use. For smallholder farmers, one of the biggest obstacles is a lack of access to
resources like land, water, and seeds [11]. This obstacle is prevalent in developing nations,
where smallholder farmers are frequently marginalized and need help accessing resources.
The detrimental effects of agriculture on the environment, such as soil erosion [12], water
pollution, and biodiversity loss, provide another obstacle. Unsustainable agricultural prac-
tices [13,14], such as extensive monoculture and excessive use of pesticides and fertilizers,
frequently lead to these harmful effects. The third obstacle is the slow uptake of sustainable
agricultural practices, including integrated pest control, agroforestry, and conservation
agriculture. Lack of information and awareness among farmers, as well as institutional and
governmental barriers [15,16], frequently prevent the implementation of these practices.
Finally, a significant obstacle to widespread adoption is the need for more institutional
support and political will.

Sustainable agriculture and SDGs can be achieved in several ways. Sustainable agricul-
ture could improve food security, poverty, and the environment [17]. This demand is driven
by concerns about the negative impacts of agriculture on the environment and public health,
as well as a growing awareness of the importance of sustainable agriculture for achieving
the SDGs. A third solution is the potential for sustainable agriculture to create jobs and
stimulate economic growth. Sustainable agriculture can provide income and livelihood
opportunities for farmers, as well as promote rural development and stimulate the growth
of related industries, such as agro-processing and tourism [18]. Moreover, the availability
of new technologies and innovations, such as precision agriculture, biotechnology, and
renewable energy, can enhance the sustainability of agriculture and provide new solutions
for promoting the SDGs [19].

Promoting sustainable development goals in China requires examining and ranking
the challenges and solutions of sustainable agriculture. China, the world’s most significant
agricultural producer, must adopt sustainable agricultural practices to preserve agricul-
tural production, protect natural resources, and advance food security. Several obstacles,
including a need for more suitable legislative backing, funding, and technical innovation,
nonetheless hamper the implementation of sustainable farming practices. There is a dire
need to formulate efficient strategies for promoting sustainable agriculture by analyzing
and prioritizing these obstacles, such as enhancing policy frameworks, boosting investment
in sustainable agriculture, and encouraging technological innovation. It would help China
accomplish its targets for sustainable development, including eradicating poverty and
hunger, fostering environmentally friendly consumption and production, and safeguarding
human health. In the end, preserving the long-term sustainability of China’s agriculture in-
dustry and attaining sustainable development goals depend on analyzing and prioritizing
the challenges and solutions of sustainable agriculture.

The contribution of this research paper is twofold. First, it provides a comprehensive
assessment of the barriers and solutions of sustainable agriculture for promoting SDGs,
which can help decision-makers identify the key challenges and solutions and develop
effective strategies for promoting sustainable agriculture and achieving SDGs. Second,
it demonstrates the application of Multi-Criteria Decision Making (MCDM) methods,
specifically Analytical Hierarchy Process (AHP) and Simple Additive Weighting (SAW), in
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evaluating and ranking the barriers and solution options and identifying the most suitable
options for promoting sustainable agriculture and achieving SDGs in China.

The research paper is organized as follows. In the next section (Section 2), we provide
a literature review, identify barriers, sub-barriers, and solution strategies. In Section 3,
we describe the methodology used in this research. In Section 4, we present the results,
discussions, and implications of research. Finally, in Section 5, we discuss the conclusion
and provide recommendations for promoting sustainable agriculture and achieving the
SDGs.

2. Literature Review, Identified Barriers, and Solution Strategies
2.1. Review of Related Studies

Sustainable agriculture is a complex and multifaceted concept that has been widely dis-
cussed in the literature [3,20,21]. Integrating the three facets of sustainability in agriculture—
the environmental, economic, and social—is one of the main challenges. Environmental
sustainability entails conserving and enhancing natural resources, including land, water,
and biodiversity, while reducing their detrimental effects on the ecosystem [22]. Economic
sustainability entails guaranteeing food security, lowering poverty, and providing income
and livelihood options for farmers and the larger economy [4]. In order to ensure social
sustainability, agriculture must be both socially acceptable and equitable for both farmers
and society as a whole, while also advancing food security, eradicating poverty, and en-
hancing quality of life [23]. There is a huge and diverse body of literature on sustainable
agriculture and its potential to advance the SDGs. Numerous studies have outlined the
challenges and potential solutions for sustainable agriculture, and some have used MCDM
techniques to assess how well sustainable agriculture is performing in terms of achieving
the SDGs [24-27]. Few research, though, have used MCDM techniques to evaluate the chal-
lenges and potential solutions of sustainable agriculture for advancing SDGs. Table 1 has
identified several related studies on the development of sustainable agriculture practices.

Table 1. Previous studies on sustainable agriculture development.

Goal

Finding MCDM Method  Ref.

Agriculture for
sustainable development

Environmental factors (59.3%) and agricultural land availability (21.8%)
were the study’s strongest strengths. Financial services (55.8%) and
over-reliance on climate (25.9%) were the biggest weaknesses. The
highest opportunity, with a weight of 50.3%, was agricultural

export potential.

AHP

[24]

Choosing the crop
pattern for sustainable
farming

This study examines Indian crop selection patterns using sustainable
farming principles. Twelve factors spanning socioeconomic conditions,
soil and water conditions, environmental and meteorological conditions
are designated and taken into account for eight most commonly
cultivated crops in Ravi season and modeled to find the most sustainable
agricultural pattern. This research will benefit Indian and worldwide
farming techniques. It will also assist stakeholders make cost-effective
crop productivity decisions for sustainable farming.

Fuzzy TOPSIS

[28]

Sustainable agriculture
collaboration models

This study determined agricultural sustainability standards and optimal
collaboration arrangements. The results showed that reducing farmers
migration, sharing with agricultural engineers, land consolidation,
increasing farmers awareness are the most important criteria for
sustainable agriculture in Iran. A sensitivity analysis determined the
essential parameters that affected alternative priority. AHP method
showed that private and cooperative partnership strategies are best for
agricultural sustainability.

AHP

[29]
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Table 1. Cont.

Goal

Finding

MCDM Method

Ref.

An overview of
sustainable agriculture

Agriculture needs all sciences to be sustainable. Agriculture underpins
developing and developed nations. The agriculture business struggles to
decide due to competing concerns. MCDM procedures are best for
complex agricultural decisions. They can solve difficult problems.
MCDM'’s AHP worked. This article examines AHP’s usage in
agriculture-related problems, its models, data sources, and precision
using performance criteria from the past several years.

AHP

[30]

Sustainable agriculture
adoption barriers

Social, economic, and environmental constraints prevent sustainable
agriculture. Therefore, this research identified these barriers according to
the sustainability triple-bottom line through a literature analysis and
examined which are more influential and prone to effects. Thus, eleven
impediments were found, with technical knowledge and qualified
workforce being the biggest obstacle to sustainable agriculture. Thus,
sustainable techniques are supplied to minimize barriers’ negative effects
and support producers, emphasising investment and policies for training
farmers in sustainable agriculture.

Fuzzy
DEMATEL

[31]

Regional agriculture
sustainability
assessment

This research presents a complex approach for determining regionally
sustainable agricultural management methods by selecting the most
representative criteria for economic viability, eco-friendliness, and social
development. AHP analyses demonstrate that CO, on-site composting of
organic solid waste, mostly from farms, and field application, is the most
sustainable management option. The proposed multi-criteria tool can be
simply adapted at regional level to help farmers, their associations,
policymakers, local and regional authorities, and others quickly examine
alternative farm management techniques and discover sustainable
pathways.

AHP

[32]

Agri-environmental
assessment for
sustainable agriculture

This article assesses the agri-environmental condition in selected
European Union countries to identify ways to improve agriculture and

the environment. This study employed EU indicators from the database.

All methodologies indicate similar agri-environmental trends in selected
EU countries. Finland, Ireland, and Sweden had the best
agri-environmental conditions throughout the research. The
Netherlands, Denmark, and Germany were worst. Austria and Poland
improved their agri-environmental performance, but Lithuania declined.

SAW, TOPSIS,
and EDAS

[33]

Assessing sustainable
agribusiness

This study uses multicriteria analysis to choose a sustainable
agribusiness DSS. Fuzzy numbers approximate decision makers’
subjective evaluations of linguistic variables. The notion of positive and
negative ideal solutions produces a performance index value for every
farm DSS option across all evaluation criteria to determine the best
agriculture DSS. An empirical study shows how to evaluate and choose
the best agriculture DSS for sustainable farming. Performance evaluation
helps agribusinesses choose the right agriculture DSSs for competitive
advantage.

Fuzzy set theory

[34]

Sustainable agriculture
research priorities

The study aimed to create a long-term vision of Poland’s ideal
agricultural industry and emphasize sustainable agriculture research.
Adaptation to climate change received 38.6% score. The Polish strategy
documents on agriculture and agricultural research reveal that these
essential research fields are already part of national policy, but there is
not enough financing and coordination to address all aspects of
sustainability in agriculture.

AHP

[35]
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Table 1. Cont.

Goal Finding MCDM Method  Ref.
The study revealed that the Economic dimension, which accounts for
54% of the overall Sustainable Agriculture, is the most significant aspect,
Assessing key followed by the Socio-territorial dimension (29%) and the Agroecology
sustainable agriculture ~ dimension (17%). The research also makes the case that, while it is fair AHP [36]
factors for farmers to concentrate on the sustainable economic performance

component of their farms, local authorities must be involved in order to
preserve a balanced development of sustainable agriculture in the area.

Table 1 indicates that the MCDM methods are effective for complicated decision-
making issues involving a variety of criteria and uncertainty [37]. Decision-makers can use
MCDM methods to cope with ambiguous, hazy, or uncertain information and make well-
informed and based on the facts. To analyze and rank alternative options and determine
which are most appropriate for a given situation, MCDM methods have been widely
employed in a variety of sectors, including engineering, management, and environmental
sciences [38,39]. The effectiveness of sustainable agriculture in reaching the SDGs has been
evaluated in a number of research using MCDM techniques. For instance, the authors of
the prior work employed a fuzzy MCDM approach to assess the viability of agroforestry
systems in China [40]. They developed a set of criteria and sub-criteria related to economic,
social, and environmental sustainability and used a VIKOR method to rank the alternative
agroforestry systems. In another study, the authors applied a fuzzy MCDM method to
evaluate the performance of sustainable agriculture in reducing greenhouse gas emissions
in China [41]. They developed a set of criteria and sub-criteria related to greenhouse gas
emissions reduction, economic efficiency, and social equity and ranked the alternative
options. Similarly, another study the authors used the entropy method to evaluate the
performance of sustainable agriculture in promoting rural development in China [42]. They
developed a set of criteria and sub-criteria to select five-dimensional indexes of population,
society, economy, resources, and environment to calculate the agricultural sustainable
development index of each province in China. Moreover, in previous research, the authors
used a MCDM method to evaluate the sustainability of organic farming practices in Iran [43].
They developed a set of criteria and sub-criteria to rank the alternative organic farming
practices. Valizadeh et al. [44] applied a fuzzy TOPSIS method to evaluate the performance
of sustainable agriculture in promoting food security in Iran. They developed a set of
criteria and sub-criteria related to food security and aimed to evaluate the status of food
security in rural areas of Iran to achieve the SDGs.

2.2. Research Gap Analysis

Based on the literature review, it is evident that many studies have been conducted to
assess the barriers and solutions of sustainable agriculture for promoting the SDGs. How-
ever, most of these studies have focused on the theoretical aspects and have not provided
practical implications for policymakers and farmers. Moreover, few studies have applied
MCDM techniques to evaluate the barriers and solutions of sustainable agriculture for
promoting SDGs. Therefore, this study aims to bridge this research gap by applying AHP
and SAW methods to evaluate the main barriers and solutions to sustainable agriculture for
promoting SDGs in China. To promote sustainable development goals in China, examining
and prioritizing sustainable agriculture’s challenges and solutions is crucial. As the world’s
largest agricultural producer, China must adopt sustainable agricultural practices to main-
tain agricultural productivity, protect natural resources, and ensure food security. However,
several obstacles, such as inadequate legislative support, insufficient funding, and limited
technological innovation, hinder the implementation of sustainable farming practices. Ana-
lyzing and prioritizing these obstacles can help develop effective strategies for promoting
sustainable agriculture, including improving policy frameworks, increasing investment
in sustainable agriculture, and encouraging technological innovation. These strategies
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can help China achieve its sustainable development goals, such as reducing poverty and
hunger, promoting sustainable consumption and production, and protecting human health.
Ultimately, preserving China’s agriculture industry’s long-term sustainability and attaining
sustainable development goals depend on analyzing and prioritizing the challenges and
solutions of sustainable agriculture.

2.3. Identified Barriers and Sub-Barriers to Sustainable Agriculture Development

Based on the literature review, this study identified the main barriers to achieving
sustainable agriculture for promoting the SDGs can be categorized into three broad ar-
eas: economic, social, and environmental. These barriers are also classified into fifteen
sub-barriers, which are interrelated and interconnected, and addressing them requires a
holistic and integrated approach. Table 2 shows the barriers and sub-barriers and their
brief descriptions.

Table 2. Proposed barriers and sub-barriers of the study.

Main Barrier

Sub-Barrier Description Reference

Lack of financial
incentives (EC1)

The lack of financial incentives for farmers to adopt sustainable methods is

one of the main economic sub-barriers to sustainable agriculture. It can be

more expensive than conventional agricultural methods to invest in the

additional technologies, materials, and training that are frequently needed [7,45]
for sustainable agriculture. Farmers might not be prepared to take the

chance of making an investment in sustainable agriculture without

financial incentives.

Limited access to  have enough security for loans, which could restrict their capacity to invest

Limited access to credit is another economic obstacle to sustainable
agriculture. Many farmers could not have access to financing or might not

Economic (EC)

credit (EC2) in sustainable agricultural practices. Small-scale farmers who may have [7,4546]
limited resources and access to financial services may find this to be a
particular issue.
Due to higher production costs, sustainable agricultural goods sometimes
fetch higher prices than conventional ones. However, it may be
Market barriers  challenging for farmers to realize these higher prices due to the small [47 48]
(EC3) market for sustainable products. Additionally, it might be difficult for !
farmers to reach consumers interested in sustainable products due to
underdeveloped marketing and distribution networks.
To encourage farmers to use sustainable agricultural techniques,
Lack of governments might offer them financial incentives, subsidies, and
government technical assistance. The government’s insufficient or nonexistent support [4,49]
support (EC4) for sustainable agriculture, however, can hinder the uptake of these
methods in many countries.
A short-term focus on profits is common among farmers and agricultural
Short-term firms, which might make them reluctant to invest in sustainable farming
economic focus  techniques that might have longer-term economic advantages. Limited [50,51]
(EC5) financing availability may make it more challenging for farmers to finance

the up-front expenditures of sustainable agricultural methods.
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Main Barrier Sub-Barrier Description Reference
The lack of awareness and education among farmers and the larger
Lack of community is a social sub-barrier to sustainable agriculture. The
awareness and ~ community might not recognize the significance of sustainable agriculture [52,53]
education (SO1)  for advancing SDGs, and many farmers might not be aware of sustainable
agriculture practices or their advantages.
A significant barrier to sustainable agriculture can also be found in cultural
behaviors and attitudes. For instance, it may be challenging for farmers to
Cultural barriers  accept new techniques because conventional farming methods are strongly
. oy .o [31,54,55]
(SO2) embedded in a community’s culture. Furthermore, some communities
might not recognize the advantages of sustainable agricultural practices in
Social (SO) terms of the environment or society.
Labor shortages are another social sub-barrier to sustainable agriculture.
Labor shortages ~ More manual labor and specialized skills are frequently needed for [56,57]
(SO3) sustainable agricultural techniques, which can be difficult for farmers to !
find, especially in regions with a shortage of skilled labor.
Collaborating together is frequently necessary for sustainable agriculture
Limited social among farmers, researchers, and other stakeholders. Social networks, on [57,58]
networks (SO4)  the other hand, might not be as prevalent everywhere, which makes it ’
challenging for farmers to get knowledge, resources, and assistance.
A significant social sub-barrier to sustainable agriculture is gender
Gender inequality. Due to possible limited access to resources, knowledge, and
inequalities land tenure, women may find it difficult to undertake sustainable [54,55]
(SO5) agriculture. Furthermore, women's participation in agricultural
decision-making may be constrained by conventional gender roles.
Sustainable agriculture is hampered by severe environmental sub-barriers
Land . . . . .
. including soil erosion and land degradation. Monoculture and heavy
degradation and .. . .
. . pesticide use are examples of unsustainable land use practices that can [59,60]
soil erosion . . . . . . o
(EN1) cause soil erosion and degradation over time, lowering soil fertility and
productivity.
Water scarcity and pollution are important environmental policy barriers
Water scarcity to sustainable agriculture. Unsustainable water use practices, including
and pollution excessive groundwater extraction, can result in water scarcity and poorer [59,61]
(EN2) water quality, which has a negative impact on the sustainability and
productivity of agriculture.
Environmental .. . Unsustainable agriculture practices can also lead to biodiversity loss,
(EN) Biodiversity loss . . . . .
including the loss of native plants and animals, and the decline of [55,59]
(EN3) . . .\ .
pollinators, which are critical for crop production and ecosystem health.
Climate change is a significant environmental sub-barrier to sustainable
. agriculture. It can lead to extreme weather events, such as droughts and
Climate change . . . .
(EN4) floods, which can damage crops and soil. Besides, climate change can alter ~ [31,62,63]
growing seasons and temperature regimes, affecting crop productivity and
quality.
Unsustainable agriculture practices can also contribute to greenhouse gas
Energy use and .. - . . .
emissions and energy use, increasing the environmental impact of [64,65]

emissions (EN5)

agriculture.

To overcome these barriers, it is important to implement policies and strategies that
address the economic, social, and environmental dimensions of sustainable agriculture to
promote the SDGs in the context of China.
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2.4. Proposed Solutions for Sustainable Agriculture Development

There are several solutions to overcome the barriers to sustainable agriculture and pro-
mote the SDGs in China. Thus, in the study, we identified multiple solutions for sustainable
agriculture development. Table 3 presents the various solutions for sustainable agriculture.

Table 3. Proposed solutions for sustainable agriculture.

Solution

Description Reference

Investment in sustainable
agriculture (O1)

The adoption of environmentally friendly farming practices and technology
that boost production can be encouraged by investing in sustainable [7,66]
agriculture practices.

Education and awareness (O2)

Campaigns for education and awareness can highlight the advantages of

sustainable agricultural methods and persuade farmers to use them. [67,68]

Sustainable agriculture policies
and regulations (O3)

It is possible to create laws and policies that encourage environmentally
friendly agricultural methods while restricting the use of toxic agrochemicals [69,70]
and excessive groundwater extraction.

By giving farmers access to new technologies, markets, and funding,

Public-private partnerships (O4)  public-private partnerships can aid in the promotion of sustainable [7,71,72]

agricultural practices.

Sustainable supply chain
management (O5)

In order to ensure that agricultural products are produced responsibly and that
farmers are paid fairly for their goods, sustainable supply chain management [73,74]
can be used.

Agroforestry and conservation agriculture are two examples of alternative

Alternative farming practices (O6) agricultural methods that can advance sustainable agriculture and lessen its [69,75]

negative effects on the environment.

New sustainable agricultural practices and technologies that can increase

Research and development (O7)  productivity and have a smaller negative environmental impact can be found [11,76]

with the aid of research and development.

International cooperation (O8)

Collaboration between countries can encourage the use of sustainable farming

practices in emerging economies and aid in their global promotion. [77.78]

By utilizing these solutions, China can advance the realization of the SDGs while
overcoming obstacles to sustainable agriculture.

3. Methodology

To attempt to evaluate the challenges and potential solutions of sustainable agriculture
for advancing SDGs in the context of China, this study used the MCDM approach. With
uncertain or hazy information, the MCDM approach enables the consideration of multiple
criteria, sub-criteria, and alternatives. This study conducted a thorough literature analysis
to pinpoint the main barriers, sub-barriers, and solution strategies for the development
of sustainable agriculture. Firstly, the study uses the AHP [79] to assess and rank the
importance of barriers and sub-barriers to sustainable agriculture for promoting SDGs.
Secondly, the research uses the SAW method [80] to analyze and rank the solutions based
on their overall performance for sustainable agriculture development. Figure 1 presents
the decision model of the study. Two multi-criteria decision-making techniques that may
be used to evaluate obstacles, sub-barriers, and alternatives for sustainable agriculture
are AHP and SAW (Simple Additive Weighting). AHP is a systematic method that assists
decision-makers in prioritizing and weighing various criteria or options according to
their relative weight. Decision-makers may then compare the simpler, easier-to-manage
components of complicated challenges on a single scale. AHP helps determine the relative
significance of obstacles, sub-obstacles, and sustainable agricultural options based on
various environmental, economic, and social variables [79,81,82].
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Assessing barriers and opportunities of sustainable

Literature
review

agriculture to promote SDGs

!

AHP method

y

SAW method

- Identify the key barriers, sub-barriers, and opportunities

!

Identify the weights of the barriers and sub-barriers using
pairwise comparison matrix

!

Select and rank the barriers and sub-barriers

'

Establish the intial matrix, normalized matrix and weighted
normalized matrix

!

Identify the final preference value

!

- Select the best opportunity for sustainable agriculture

Figure 1. Methodology of the study.

SAW is another multi-criteria decision-making technique that may be used to evalu-
ate obstacles, sub-obstacles, and sustainable agricultural options. In SAW, many criteria
and options are given weights according to their importance, and the weights are then
added together to provide an overall score [80]. SAW helps evaluate sustainable agricul-
tural hurdles, sub-barriers, and options based on various factors, including affordability,
viability, and sustainability. Decision-makers may identify the most critical strategies,
sub-strategies, and impediments to sustainable agriculture by systematically evaluating
and prioritizing them based on various criteria using AHP and SAW. These techniques
offer a clear and organized process for making decisions, which can guarantee that choices
are founded on solid logic and are made objectively. Additionally, by including stake-
holders in the decision-making process and considering their suggestions and preferences,
AHP and SAW can promote stakeholder engagement and consensus-building. Overall,
using AHP and SAW can increase decision-making effectiveness and efficiency concerning
sustainable agriculture.

3.1. AHP Method

Saaty developed the AHP method in the 1970s [79]. The AHP is a MCDM method that
involves breaking down complex decisions into smaller, more manageable parts [83,84].
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This method enables decision-makers to prioritize and rank criteria and sub-criteria based
on the problem.

The AHP method involves the following steps [82]:
Step 1: Identify criteria and sub-criteria.

The first step involves identifying the criteria and sub-criteria that are relevant to
sustainable agriculture and the promotion of the SDGs.

Step 2: Develop a hierarchical structure.

The highest level of the hierarchy is the goal, which is to promote sustainable agricul-
ture and achieve the SDGs. The next level is the criteria, which represent the economic,
social, and environmental aspects of sustainable agriculture. The lowest level is the sub-
criteria, which are the specific factors that contribute to each criterion.

Step 3. Development of a pair-wise comparison matrix of the decision-problem using
Saaty’s 1-9-point scale. Table 4 presents Saaty’s 1-9 points scale.

Table 4. Saaty’s 1-9 points scale.

Numerical Value Reciprocal Description
1 1 Equal importance
3 1/3 Moderate importance
5 1/5 Strong importance
7 1/7 Very strong importance
9 1/9 Absolute importance
2,4,6,8 1/2,1/4,1/6,1/8 Intermediate values

Step 4. Compute the Consistency Index (CI):

In this step, CI can be used to measure the consistency of the pair-wise comparison of
the matrix. CI can be presented as [81].

_ Amax — 1
Cl= ="~ <y
here A4y is the eigenvalue and # is the no. of main criteria
Step 5. Computing the Consistency Ratio (CR)
CI
R —_ —_— 2
C R 2)

where RI is the random consistency index, which is presented in Table 5. During the
pair-wise comparison, the consistency ratio (CR) must be within the limit of 0.1; if it exceeds
above 0.1, then the results could be inconsistent [85].

Table 5. Random consistency index.

n RI
1 0.00
2 0.00
3 0.058
4 0.90
5 1.12
6 1.24
7 1.32
8 1.41
9 1.45
10 1.49
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The AHP is widely used in sustainable agriculture research to prioritize and rank cri-
teria and sub-criteria based on the decision goal of the study. It is a flexible and transparent
method that allows decision-makers to incorporate their preferences and judgments into
the decision-making process.

3.2. SAW Method

The SAW is an MCDM method used to evaluate alternatives [80]. In SAW, each choice
is weighted for each criterion and ranked by their weighted aggregate score. SAW provides
an instant evaluation of the alternatives depending on the chosen criteria [86].

The SAW technique requires these steps [80]:

Step 1. Construct the decision matrix:

ailr a4 o @p
a1 azxp -+ Ay

A= : : : = [aij]mxn (3)
Am1 Am2  *°° Amn

where a;; is the value of alternative i with respect to decision criterion j.
Step 2. Normalize the decision matrix by the following equations:

1 . )
Vileaﬁ/1—1,2,~--,m,]—1,2,...n @)
+(7)
1 . )
Vij:m,1—1,2,...,m,]—1,2,...,n (5)
+(#)

Step 3. Determine the weights of decision criteria by subjective or objective weighting
methods. The resulting weight vector would be as follows:

W = [wy,w, ..., W) (6)

where 7 is the number of decision criteria or evidence maps.
Step 4. Calculate the significance degree of each alternative by the following equation:

m
i=1

3.3. Experts of the Study

This study surveyed five specialists in sustainable agricultural fields such agronomy,
environmental science, economics, and social sciences. Based on their publishing record,
academic credentials, and expertise, the experts were chosen to assure the study’s quality
and dependability. To ensure a varied variety of perspectives in the study, experts were
picked from different locations and institutions. Webmail was used to consult specialists.
The experts were involved in several stages of the study, including developing the criteria
and sub-criteria for evaluating the barriers and solutions of sustainable agriculture for
promoting SDGs, assigning weights to the criteria, and evaluating the alternative options
using the AHP and SAW methods. The experts were involved in reviewing and validating
the results of the study. The involvement of experts in the study can ensure that the results
are based on sound scientific principles and reflect the current state of knowledge in the
field of sustainable agriculture in China.

4. Results and Case Analysis

In this study, the case of China has been taken to determine the barriers and sub-
barriers, that impede the development of sustainable agriculture and the SDGs. In this



Sustainability 2023, 15, 8317

12 of 22

Weights

0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

regard, the solution strategies proposed in the study to overcome the identified barriers
and sub-barriers to promote sustainable agriculture development in the context of China.

4.1. Results of Main Barriers Using AHP

The AHP method was used to determine the weights of the main barriers to sustainable
agriculture for promoting SDGs in China. The results of the pairwise comparisons among
the main barriers are presented in Table 6, along with the corresponding weights obtained
using the AHP method. The final ranking is presented in Figure 2.

Table 6. Pairwise comparison matrix and weights of the main barriers.

Main Barrier EC SO EN Weight
EC 1 2.267 1.515 0472
SO 0.440 1 0.561 0.196
EN 0.659 1.782 1 0.330

Consistency: 0.0033

0.4727

Economic (EC) Social (SO) Environmental (EN)
Figure 2. The weights and ranking of main-barriers.

According to the results, economic (EC) barriers were the most significant, with a
weight of 0.4727. Environmental barriers came next, with a weight of 0.3306, and social
barriers, with a weight of 0.1966. These results indicate that EC factors are the most
important barriers to sustainable agriculture for promoting the SDGs, followed by EN
and SO factors. Sustainable agriculture should target environmental barriers such soil
erosion, water pollution, and land degradation to support SDGs, according to the research.
Addressing economic challenges like inadequate financial resources and market access and
social barriers like poor education and gender inequality could assist promote sustainable
agriculture and achieve the SDGs [55].

4.2. Results of Economic Sub-Barriers Using AHP

For promoting SDGs in China, the AHP technique was utilized to weight economic
sub-barriers to sustainable agriculture. Table 7 shows the pairwise sub-barrier comparisons
and AHP weights. Figure 3 ranks economic sub-barriers. According to the results, lack of
financial incentives (EC1) was the most significant sub-barrier of economic barriers, with a
weight of 0.386. This was followed by lack of government support (EC4), with a weight of
0.210, and limited access to credit (EC2), with a weight of 0.149. The short-term economic
focus (EC5) and market barriers (EC3) ranked least important sub-barriers. These results
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indicate that addressing the sub-barriers of EC1 and EC4 could significantly contribute to
promoting sustainable agriculture and achieving the SDGs. Improving financial incentives
and government support can help farmers increase their productivity and income, which in
turn can lead to the adoption of sustainable agriculture practices. Access to credit also needs
to be addressed to make sustainable agriculture practices more accessible and affordable
for farmers.

Table 7. Pairwise comparison matrix and weights of the economic sub-barriers.

EC Sub-Barrier EC1 EC2 EC3 EC4 EC5 Weight
EC1 1 2.550 3.322 2.267 2.408 0.386
EC2 0.392 1 1.643 0.698 0.870 0.149
EC3 0.301 0.608 1 0.698 0.870 0.116
EC4 0.440 1.431 1.431 1 2.220 0.210
EC5 0.415 1.148 1.148 0.450 1 0.137

Consistency: 0.0168

0.386

EC1 EC2 EC3 EC4 EC5

Figure 3. The weights and ranking of Economic (EC) sub-barriers.

4.3. Results of Social Sub-Barriers Using AHP

The AHP method was also used to determine the weights of the sub-barriers of
social barriers to sustainable agriculture for promoting SDGs in China. The results of the
pairwise comparisons among the sub-barriers are presented in Table 8, along with the
corresponding weights obtained using the AHP method. Figure 4 illustrates the ranking
of social (SO) sub-barriers. According to the results, lack of awareness and education
(501) was the most significant sub-barrier of social barriers, with a weight of 0.372. This
was followed by cultural barriers (5O2), with a weight of 0.272, and gender inequalities
(SO5), with a weight of 0.175. These results indicate that addressing the sub-barrier of
SOL1 is crucial for promoting sustainable agriculture and achieving the SDGs. Lack of
education and awareness also need to be addressed to promote sustainable agriculture
practices among farmers. Besides, providing equal opportunities for men and women in
agriculture can lead to better economic, social, and environmental outcomes. The findings
of this research are also supported by the findings in [31], in which the authors concluded
that “technical knowledge and a qualified workforce” were the most influential factors in
adopting sustainable agriculture. According to Rodriguez et al. [14], in addition to lack of
funding, social barriers, land tenure, infrastructure and incompatibility are also important
barriers to the adoption of sustainable agriculture practices.



Sustainability 2023, 15, 8317

14 of 22

Weights

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Table 8. Pairwise comparison matrix and weights of the social sub-barriers.

SO Sub-Barrier SO1 SO2 SO3 SO4 SO5 Weight
SO1 1 1.245 3.519 4.828 2.766 0.372
S0O2 0.802 1 2.766 3.623 1.551 0.272
SO3 0.284 0.361 1 2.667 0.802 0.121
SO4 0.207 0.275 0.374 1 0.221 0.057
SO5 0.361 0.644 1.245 4514 1 0.175
Consistency: 0.0238
0.372
0.175
0.057
SO1 S0O2 SO3 SO4 SO5

Figure 4. The weights and ranking of Social (SO) sub-barriers.

4.4. Results of Environmental Sub-Barriers Using AHP

The AHP method was also used to determine the weights of the sub-barriers of
environmental barriers to sustainable agriculture for promoting SDGs in China. The
results of the pairwise comparisons among the sub-barriers are presented in Table 9, along
with the corresponding weights obtained using the AHP method. Figure 5 presents the
ranking of environmental (EN) sub-barriers. According to the results, climate change (EN4)
was the most significant sub-barrier of EN barriers, with a weight of 0.310. Following
this were energy use and emissions (EN5), with a weight of 0.199, and land degradation
and soil erosion (EN1), with a weight of 0.306. These results suggest that addressing
the sub-barrier of EN4 is crucial for promoting sustainable agriculture and achieving the
SDGs. Climate change is a pressing issue that requires immediate action, such as the
implementation of climate-smart agriculture practices. EN1 is another significant sub-
barrier that needs to be addressed through the adoption of sustainable soil management
practices, such as conservation tillage and cover cropping. This finding is supported by [31]
that environmental dimension variables such as climate change/soil control/production
management affect the sustainability of agriculture.

Table 9. Pairwise comparison matrix and weights of the environmental sub-barriers.

EN Sub-Barrier EN1 EN2 EN3 EN4 ENS5 Weight
EN1 1 2.667 3 1.431 1.515 0.306
EN2 0.374 1 0.608 0.284 0.450 0.085
EN3 0.333 1.643 1 0.301 0.333 0.097
EN4 0.698 3.519 3.322 1 2.220 0.310
EN5 0.659 2.220 3 0.450 1 0.199

Consistency: 0.0288
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Figure 5. The weights and ranking of Environmental (EN) sub-barriers.

4.5. Results of Overall Sub-Barriers Using AHP

Based on the AHP analysis, the overall sub-barriers of sustainable agriculture for
promoting SDGs have been ranked. Table 10 provides the overall sub-barrier ranking. The
results indicate that the lack of financial incentives (EC1) and climate change (EN4) is the
most significant sub-barrier, followed by land degradation and soil erosion (EN1) about
sustainable agriculture practices. The findings suggest that addressing these sub-barriers
is critical for promoting sustainable agriculture and achieving the SDGs in the context of
China. In previous studies, lack of financial incentives has also been concluded to be one of
the major barriers to sustainable agriculture [7,14,45].

Table 10. Results of overall sub-barriers.

Code Sub-Barrier Weight Rank
EC1 Lack of financial incentives 0.182 1
EN4 Climate change 0.102 2
EN1 Land degradation and soil erosion 0.101 3
EC4 Lack of government support 0.099 4
SO1 Lack of awareness and education 0.073 5
EC5 Short-term economic focus 0.070 6
EN5 Energy use and emissions 0.066 7
EC2 Limited access to credit 0.065 8
EC3 Market barriers 0.055 9
SO2 Cultural barriers 0.053 10
SO5 Gender inequalities 0.034 11
EN3 Biodiversity loss 0.032 12
EN2 Water scarcity and pollution 0.028 13
SO3 Labor shortages 0.023 14
SO4 Limited social networks 0.0113 15

4.6. Results of Solutions Using SAW Method

The SAW method was used to evaluate the solutions of sustainable agriculture for
promoting SDGs in China. Figure 6 indicates the final ranking of solutions (alternatives)
based on the decision goal of the study. The results suggest that encouraging the adoption
of sustainable agriculture practices, such as investment in sustainable agriculture (O1), is
the most significant solution for promoting sustainable agriculture and achieving SDGs.
International cooperation (O8) alternative farming practices (O6) are also important solu-
tions for promoting SDGs. Education and awareness (O2) and public-private partnerships
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(O4) are moderately important solutions for sustainable agriculture development. These
two factors are more important than the arrangement presented in this study, because they
are the basis for finding good (successful) agriculture practices that lead to sustainable
agricultural development, and then transferring this knowledge to farmers to apply and
benefit from it. Additionally, promoting sustainable supply chain management (O5), re-
search and development (O7), and sustainable agriculture policies and regulations (O3),
can strengthen the capacity of farmers and stakeholders in sustainable agriculture practices
and innovation can further contribute to achieving the SDGs. The government should
invest to promote sustainable agriculture practices [14].

080

0.670
070 r
0.602 0.625

0.537
0.509 0.483
0.436
0372 I
02 (0K} 04 05 06 o7 08

Solutions to Sustainable Agriculture

0.60
050 r
040 r

Weights

030 r
020 r
0.10 r

0.00

Figure 6. The final ranking of solutions of sustainable agriculture.

4.7. Discussion

The present study aimed to assess the barriers and solutions of sustainable agriculture
for promoting SDGs using the AHP and SAW methods. The study identified and prioritized
the main and sub-barriers in the economic, social, and environmental aspects of sustainable
agriculture, and explored solutions for overcoming these barriers. The results of the study
identified the main barriers to sustainable agriculture for promoting SDGs, as well as
the sub-barriers in the economic, social, and environmental aspects. The main barriers
identified by the study were limited financial resources, a lack of access to credit and market,
and inadequate policies and regulations. These findings support the view of studies that
financial and policy barriers hampered sustainable agricultural approaches [4,11].

Lack of financial incentives, government assistance, and credit were the economic
barriers to sustainable agriculture. Lack of credit and market access inhibits sustainable
agriculture and lowers farmer income [46]. Lack of awareness and education, cultural
obstacles and gender disparities were all social challenges to sustainable agriculture. The
findings of this study are consistent with previous studies that have identified limited
awareness, education, and social networks as significant barriers to the adoption of sustain-
able agriculture practices [52,67]. The sub-barriers identified in the environmental aspect
of sustainable agriculture were climate change, land degradation and soil erosion, and
energy use and emissions. These sub-barriers have been identified in previous studies as
significant challenges to sustainable agriculture and food security [19,87]. The study also
determined solutions for overcoming the barriers to sustainable agriculture and promoting
the SDGs. The results of the SAW method identified that the application of sustainable
agriculture practices such as investment in sustainable agriculture, International cooper-
ation, and alternative farming practices, can provide solutions for achieving economic,
social, and environmental sustainability. The findings of this study are consistent with
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previous studies that have highlighted the importance of sustainable agriculture practices
in achieving economic, social, and environmental sustainability [24,41].

In one of the previous research used AHP method [24], and identified that environ-
mental and agricultural land availability are the strengths, while financial services and
climate change are the weaknesses for sustainable agriculture development. Moreover, in
another study, the authors proposed sustainable agriculture collaboration models using
AHP to determine agricultural sustainability standards. The study indicated that private
and cooperative partnership strategies are best for agricultural sustainability in Iran [29].
There are also various barriers that obstruct the development of sustainable agriculture
from a social, economic, and environmental perspective. For instance, the study showed
that technical know-how and qualified workers are the major barriers to implementing sus-
tainable agriculture practices [31]. The results are in line with the current study’s findings,
which also revealed that economic, environmental and social factors are the key drivers
for sustainable agriculture development. In similar study, authors used the AHP method
to assess agriculture sustainability from a regional perspective and selected the economic
viability, environmental friendliness, and social criteria from sustainable pathways [32].
Furthermore, sustainable priorities were suggested for the long-term vision of Poland’s
agriculture industry. The authors used AHP method and identified that adaptation to
climate change is most crucial factor, although limited financing options hinder the devel-
opment of sustainable agriculture [35]. Finally, the earlier study’s results also consistent
with current study; they also indicated that the economic aspect is the most vital for farmers
to concentrate on the sustainable economic performance component of their farms [36].

The present study provides insights into the barriers and solutions of sustainable
agriculture for promoting SDGs in the context of China. The findings of the study have
implications for policymakers, researchers, and farmers who seek to promote sustainable
agriculture practices and achieve SDGs in the country.

4.8. Policy Recommendations
Based on the findings of this study, the following policy recommendations are proposed:

e  Policies should prioritize creating awareness and training stakeholders to promote
sustainable agriculture practices and help achieve the SDGs. This may be accomplished
by providing farmers with training programs, extension services, and public awareness
campaigns. Education and awareness policies assist stakeholders in comprehending
the benefits of sustainable agriculture practices, encouraging their adoption, and
promoting sustainable development.

e  The government should strengthen its support for sustainable agriculture practices
and eliminate economic hurdles by providing money, subsidies, and other incentives.
Such policies can encourage farmers to adopt sustainable practices while also assisting
in resolving the economic difficulties mentioned in this study. The government may
help the transition to sustainable agriculture and promote sustainable development
by providing financial assistance.

e  Collaborations among many stakeholders, including farmers, NGOs, and government
agencies, must be strengthened to promote sustainable agriculture and achieve the
SDGs. Policies should prioritize the development of discourse and knowledge-sharing
platforms, with an emphasis on developing partnerships. This can enhance stake-
holder collaboration, the exchange of ideas and best practices, and the adoption of
sustainable agriculture practices.

e  Policies should prioritize research and development efforts to address the constraints
highlighted in this study and promote sustainable agriculture. This can aid in dis-
covering novel and creative sustainable agriculture practices and solutions. Policy-
makers may encourage the adoption of sustainable agriculture practices, boost agri-
cultural production, and advance sustainable development by investing in research
and development.
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e  Policies should encourage customers to adopt sustainable consumption patterns, such
as decreasing food waste, purchasing locally farmed vegetables, and eating less meat.
Such policies can lessen the demand for unsustainable agricultural practices while
promoting sustainable agriculture. Policymakers can assist consumers in making
educated decisions that contribute to sustainable development and encourage the
implementation of sustainable agriculture practices by supporting sustainable con-
sumption patterns.

e  Policies should prioritize the enhancement of monitoring and evaluation of sustainable
agriculture practices in order to measure progress toward the SDGs and identify
areas for improvement. It would assist policymakers in evaluating the efficacy of
their policies and programs, identifying obstacles and opportunities, and making
data-driven choices. Policymakers may guarantee that they are on track to meet their
sustainable development goals and support adopting sustainable agricultural practices
by monitoring and assessing sustainable agriculture practices.

In summary, supporting sustainable agricultural practices is essential for combating
global issues, including poverty, food insecurity, climate change, and achieving the SDGs.
Policies that prioritize education and awareness, government funding, collaborations, re-
search and development, sustainable consumption, and monitoring and evaluation are
crucial for overcoming obstacles and realizing the solutions to sustainable agriculture. Poli-
cymakers may promote sustainable agriculture practices, assist in sustainable development,
and solve global concerns by enacting such legislation.

5. Conclusions

In order to investigate the main obstacles, auxiliary obstacles, and potential remedies
of sustainable agriculture for advancing SDGs in China, the study adopted an MCDM
methodology. The results of the analysis show that the most significant barriers to adopting
sustainable agricultural practices in China have been rated, with economic considerations
first followed by environmental and social barriers. The economic sub-factors show that
the lack of financial incentives is the most critical factor impacting sustainable agriculture
in China, with government support coming in at a close second. The Chinese government
promotes sustainable agricultural practices, but specific issues must be resolved. Cultural
barriers are the next most significant sub-factor needing particular care regarding social
aspects, followed by a lack of knowledge and education. Climate change, land degradation,
and soil erosion provide the biggest problems for the agriculture industry in terms of
environmental sub-barriers. The most significant barriers to adopting sustainable farming
practices are a need for more financial incentives, climate change, land degradation, and
soil erosion. According to the ranking of strategies, investing in sustainable agriculture is
the best way to accomplish sustainable agricultural goals in China.

The results showed that economic, social, and environmental reasons were the main
barriers to attaining sustainable agriculture and advancing the SDGs. The report also
highlighted several alternatives for addressing these issues and advancing sustainable
agriculture, including using sustainable land use practices, adopting organic farming
methods, and exploiting renewable energy sources. By implementing these solutions, we
can promote environmental sustainability, social fairness, and economic growth—all of
which are essential for achieving the SDGs. The study is remarkable in that it detailed sub-
obstacles under each component, suggested techniques for overcoming them, and identified
the main barriers and remedies. The use of MCDM approaches, particularly AHP and
SAW, allowed for a thorough analysis of the problems and solutions related to sustainable
agriculture and provided decision-makers with a framework for setting priorities.

This research is a valuable contribution to the literature on sustainable agriculture
since it outlines the major and minor challenges to achieving the SDGs through sustainable
farming practices. The study’s conclusions can help stakeholders in the agriculture sector
make policy decisions about the challenges and opportunities for developing sustainable
farming practices. Policymakers may create efficient policies and strategies for advancing
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sustainable agriculture practices and achieving the SDGs by addressing the acknowledged
constraints and seizing the possibilities.

This study has limitations that should be considered when evaluating the findings.
First, the study’s expert sample may only partially reflect the field’s expert population on
sustainable agriculture because it was small. Future studies should include a more extensive
and varied sample of experts to guarantee the generalizability of the findings. Second,
because the study was limited to a single location and concentrated on the challenges and
opportunities of sustainable agriculture in advancing the SDGs, its findings might need to
be generalizable to other areas with varied environmental, economic, and social factors.
Therefore, to identify region-specific policies and strategies, future research should examine
the challenges and solutions of sustainable agriculture in various regions. Last but not
least, this study used AHP and SAW techniques to assess the challenges and advancements
of sustainable agriculture for the SDGs. However, different perspectives on the ranking
of obstacles and solutions may be provided by other techniques like VIKOR, TOPSIS,
DEMATEL, and ANP. The use of various techniques to validate the results of this study
should thus be explored in further research.
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