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ABSTRACT 

This study investigates the synergistic effect between the extension of Henan’s cotton textile industrial chain and the 

integration of primary, secondary, and tertiary agricultural industries, aiming to provide insights for regional agricultural 

modernization and sustainable economic growth. An evaluation framework was established, incorporating industry 

chain extension, industrial integration, and synergy indicators. Using data from 2014–2024, the entropy value method 

was applied to determine indicator weights, while the coupling coordination model and panel regression analysis were 

used to assess interactions and benefits. Case studies of Xinxiang, Anyang, and Nanyang further illustrated the micro-

mechanisms of these empirical results. The findings demonstrate sustained growth in both Henan’s cotton textile indus-

trial chain extension and three-industry integration, increasing from 0.28 in 2014 to 0.61 in 2024, indicating a transition 

to a benign interaction stage. Regression results confirm significant positive impacts: industry chain extension and inte-

gration enhanced farmers’ income, employment, and narrowed the urban–rural gap, while integration exerted a 

stronger influence on ecological benefits such as green production and emission reduction. Regional analysis highlights 

Xinxiang achieving a high synergy level of 0.74 in 2024 due to industrial clustering and innovation, while some cotton-

producing areas remain at medium levels due to weak chain linkages. In conclusion, the extension of the cotton textile 

chain and agricultural three-industry integration have become key drivers of Henan’s high-quality agricultural economy, 

with policy and innovation essential for further promoting value-added processing, service industry integration, and sus-

tainable development. 
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INTRODUCTION 

As an important agricultural province and textile industry base in China, Henan Province occupies a pivotal 

position in the pattern of national grain and cotton main production areas [1]. Cotton is not only one of the 

core crops in Henan's agricultural structure, but also a key raw material to promote the development of the 

textile industry [2]. For a long time, cotton planting, spinning, and weaving, and related industries in Henan 

have formed a relatively complete industrial chain, but overall, there are still problems such as insufficient 

extension of the industrial chain, constrained potential for value-added growth, and upstream and down-

stream synergistic effects that cannot be fully released [3]. With China's promotion of structural reform of 

the agricultural supply side and the implementation of the rural revitalization strategy, the extension of the 

cotton textile industry chain and the integration of the three sectors of the agricultural economy are becom-

ing increasingly close, and it is urgent to systematically explore the mechanisms and paths of their synergistic 

development [4,5]. From the perspective of the agricultural economy, cotton planting in the primary industry 

provides a solid raw material base for the textile industry, spinning, weaving, printing and dyeing and gar-

ment processing in the secondary industry extends the agricultural production chain, and distribution, brand 

building, cultural creativity and rural tourism in the tertiary industry further expands the industrial value 

space [6]. The integration of tertiary industries can not only enhance the comprehensive benefits of agricul-

ture, but also facilitate the transfer of rural labor and promote balanced regional development. Henan's cot-

ton textile industry plays a pivotal role in, agricultural modernization and industrial transformation and up-

grading in this process, and is the key fulcrum for achieving agricultural efficiency, farmers' income, and rural 

prosperity. 

Henan Province has actively promoted the extension and optimization of the cotton textile industry chain, 

forming textile industry clusters with Xinxiang, Anyang, Nanyang, and other places as the core [7]. Relying on 

the construction of modern agricultural industrial parks, agricultural science and technology innovation plat-

forms, and rural industrial integration development demonstration zones, the agricultural and textile indus-

tries are gradually showing a trend of synergistic development in terms of raw material supply, technological 

innovation, market expansion, and branding [8]. Especially under the guidance of the national "dual-carbon" 

strategy and green manufacturing policy, the extension of the cotton textile industry chain and the integra-

tion of the three sectors of the agricultural economy are not only reflected in the economic level of synergy, 
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but also involve the comprehensive enhancement of ecological and social benefits [9]. However, in the pro-

cess of practical promotion, Henan cotton textile industry chain extension and agricultural integration of the 

three industries still face some constraints, for example: the upstream and downstream convergence of the 

industry chain is not close enough, the development of high-end links in the value chain is insufficient, the 

mechanism of inter-regional synergy has not yet been perfected, and the mechanism of interest linkage be-

tween farmers and enterprises needs to be innovated [10-12]. The existence of these problems, to a certain 

extent, limits the full play of industrial synergies. How to extend and optimize the cotton textile industry 

chain, promote the deep integration of agricultural one, two, and three industries, and achieve a higher level 

of synergy of economic, social, and ecological benefits has become a major issue that needs to be studied 

and solved. 

In this paper, we systematically review domestic and international studies on industrial chain extension, 

agricultural three-industry integration, and their synergistic effects, and identify gaps in the existing literature. 

We then describe the construction of the indicator system, the data sources and methodological framework, 

including the entropy value method, the coupling coordination model, and panel regression analysis. Based 

on empirical data from Henan Province covering 2014–2024, we evaluate the levels of industrial chain 

extension, three-industry integration, and synergy, and discuss the results through representative regional 

cases to derive policy implications and directions for future research.  

LITERATURE REVIEW 

In recent years, research on the extension of the agricultural industry chain and the integration of the three 

industries has gradually become an important topic in academia and policy research [13,14]. The existing 

literature mainly focuses on the following three aspects: first, the theory and practice path of industry chain 

extension, second, the mode and mechanism of agricultural three industries integration, and third, the rela-

tionship between the cotton textile industry and regional economic development. These research results 

provide theoretical support and experience for the extension of the cotton textile industry chain in Henan 

and the analysis of the synergistic effect of the integration of the three industries in the agricultural economy. 
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Industrial Chain Extension 

The core of industrial chain extension is to promote the extension of agriculture to processing, circulation, 

and service links to enhance the added value of products and comprehensive benefits [15]. Domestic scholars 

generally believe that extending the agricultural industry chain can promote the optimal allocation of re-

sources and industrial upgrading, and form a complete value chain system. For example, some studies point 

out that agricultural product processing and brand building are the key links in the extension of the industry 

chain, which can effectively enhance the competitiveness of the industry by increasing technological innova-

tion and market expansion [16,17]. In international studies, agricultural industry chain extension is usually 

placed under the framework of the global value chain, emphasizing the embedding of high-end links in the 

value chain through standardization, informatization, and greening means [18]. These studies provide ideas 

that can be drawn on for the extension of Henan's cotton textile industry, but the systematic analysis of the 

regional characteristic industry chain is still relatively insufficient. 

Integration of ‘Three Industries’ in Agriculture 

Three-Industry Integration is an important path of agricultural modernization, and its essence is the deep 

coupling between primary industry and secondary and tertiary industries [19]. Existing researches are mostly 

carried out from the perspectives of integration mode, driving mechanism, and policy support [20]. Domestic 

scholars have put forward a variety of integration modes, such as "industry chain-driven", "scientific and 

technological innovation", "rural tourism", etc., as shown in Table 1 below, emphasizing that different regions 

should choose differentiated paths according to their resource endowments. It is emphasized that different 

regions should choose differentiated paths according to their resource endowments. 

 

Table 1. Classification and summarization of typical models of agricultural three-product integration by domestic scholars 

Integration 

Mode 
Main features Typical cases 

Industry Chain 

Driven 

Emphasizing the extension and deep coupling of the indus-

trial chain and promoting the mutual integration of pri-

mary, secondary, and tertiary industries. 

A place in Henan Province realizes the synergistic 

development of agriculture and the textile indus-

try through the deep cooperation between cotton 

planting and processing enterprises. 
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Science and 

technology are 

innovative. 

Driven by technological innovation, it promotes the deep 

integration of agriculture with industry and the service in-

dustry, and enhances industrial value through scientific 

and technological progress. 

Agricultural Science and Technology Park in 

Zhejiang Province, leading the deep processing of 

agricultural products and the integration of agri-

culture and the manufacturing industry through 

technology. 

Rural Tourism 

Combining the natural resources and agricultural charac-

teristics of the countryside, promoting the integrated de-

velopment of agriculture, tourism, and cultural industries, 

and enhancing the added value of agriculture. 

The "agriculture and tourism" model in a place in 

Sichuan Province promotes rural tourism through 

the integration of agriculture and local cultural re-

sources. 

Ecological Agri-

culture 

Focusing on the coordinated development of ecological 

protection and agricultural production, promoting the in-

tegration of agriculture with environmental protection 

and green development. 

Eco-agricultural zones around Beijing realize green 

agricultural production through the combination 

of organic agriculture and environmental protec-

tion. 

Agricultural Fi-

nance 

Emphasizes the combination of agricultural production 

and financial services, and promotes the development of 

agricultural industrialization through financial support. 

Rural financial services launched by the Agricul-

tural Bank of Shandong Province to provide finan-

cial support for agricultural cooperatives and pro-

mote the integration of the three industries. 

 

Table 1 presents domestic scholars' summarization of typical models of agricultural three-product integration, 

specifying five major integration models and briefly describing each model. Through the summarization and 

comparison of these typical models, it can be seen that the paths of agricultural three-industry integration 

are diversified, and different regions have chosen different integration models to promote the in-depth in-

tegration of agriculture and other industries according to their own resource endowments and industrial 

characteristics. However, the implementation of these models also faces certain challenges, especially in re-

source integration, industrial synergy, and policy support [21]. International scholars, on the other hand, pay 

more attention to the multifunctionality and sustainable development of agriculture, combine the integra-

tion of the three industries with rural community development and ecological protection, and emphasize the 

social and environmental benefits in the integration process [22]. On the whole, relevant studies have re-

vealed the generalized law of agricultural three-industry integration in Henan, but they lack in-depth explo-

ration of the specific integration effect of advantageous industrial chains such as cotton textile [23]. 

Cotton Textile Industry and Regional Economy 

As an industry that is both labor-intensive and technology-intensive industry, the cotton textile industry has 

long played an important role in regional economic development [24]. Domestic research on the cotton tex-
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tile industry focuses on the formation of industrial clusters, optimization of regional layout, and green trans-

formation and upgrading [25]. Some scholars have pointed out that the integration degree of the upstream 

and downstream of the textile industry chain directly affects the competitiveness of the industry and the 

sustained growth of the regional economy [26]. Overseas research focuses more on the division of labor in 

the global value chain of the textile industry, technological innovation, and trade pattern changes, and em-

phasizes the importance of improving the resilience of the textile industry chain [27,28]. However, existing 

studies often overlook the specific resource endowments and constraints of Henan Province. In particular, 

facing the hard constraints of water scarcity in the Yellow River basin, the reduction of planting area under 

strict arable land protection policies, and fierce market competition from Xinjiang cotton, current literature 

fails to deeply explore how Henan can overcome these structural contradictions through the synergy mech-

anism of 'industry chain-agriculture'. Consequently, the existing theoretical frameworks struggle to fully ex-

plain the resilient growth mechanism of Henan's cotton textile industry under resource constraints. These 

research results provide theoretical references for deepening the extension of the cotton textile industry 

chain in Henan Province and enhancing the synergistic effect of integration with agriculture, but the degree 

of system integration still needs to be strengthened. 

Shortcomings 

To summarize, existing research on the extension of the agricultural industry chain and the integration of the 

three industries has a more systematic discussion of the theoretical framework, mode classification, and role 

mechanism, and also provides an empirical summary of the development of the cotton textile industry. How-

ever, there are three deficiencies in the existing studies: 1st, the interaction between the regional character-

istic industrial chain and the integration of the three industries is not enough attention, and there is a lack of 

empirical research combining quantitative and qualitative; 2nd, the comprehensive research on the economic, 

ecological and social benefits of the industrial chain extension is still weak; 3rd, the mechanism of the syner-

gistic effect of the integration of the cotton textile industrial chain and the three industries of the agricultural 

economy in Henan has not yet been analyzed systematically. Therefore, it is necessary to combine the spe-

cific practice of Henan cotton textile industry chain on the basis of previous studies to explore the interactive 

mechanism and synergistic effect of industry chain extension and integration of the three industries. 
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MATERIAL AND METHODS 

Data Sources 

The research data mainly includes three categories: (1) Statistical data. Annual data from Henan Provincial 

Statistical Yearbook, China Cotton Yearbook, Henan Provincial Department of Agriculture and Rural Develop-

ment, and Department of Industry and Information Technology, covering cotton planting area, output, pro-

cessing output value, textile industry output value, related employment population, and industry added 

value, and other indicators. Given the time lag in statistical yearbooks, data for 2023 and 2024 were supple-

mented and calibrated using monthly statistical bulletins released by the Henan Provincial Department of 

Industry and Information Technology and annual express reports from relevant industry associations. (2) Re-

search data. Through field research in Xinxiang, Anyang, Nanyang, and other major cotton textile industry 

clusters, we collected information on the operation of enterprises, the income structure of farmers, the op-

eration mode of cooperatives, and the construction of industrial parks. The research used a combination of 

questionnaires, in-depth interviews, and symposiums, covering large cotton farmers, cooperative leaders, 

textile enterprise executives, and personnel from relevant local government departments. (3) Secondary data. 

Including domestic and international academic journal literature, industry development reports, policy doc-

uments, and related think tank research results for theoretical comparison and framework supplementation. 

Framework and Indicator System 

Framework 

In order to systematically reveal the synergistic effect of the extension of Henan's cotton textile industry 

chain and the integration of the three industries in agriculture, this study constructs a research framework 

of "three-layer structure - two-way interaction - effect measurement". The framework emphasizes the two-

way interaction between industry chain extension and three industries integration, i.e., industry chain exten-

sion promotes the deepening of three industries integration, and three industries integration, in turn, pro-

motes the expansion of industry chain value.  

Figure 1 shows the structure of the research framework. It specifically includes three levels: 
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Figure 1. Structure of the research framework 

 

The industry chain extension layer, which mainly examines the degree of vertical extension of cotton from 

cultivation to spinning, weaving, dyeing, and garment processing, as well as the expansion in technological 

innovation and brand building. 

The tertiary integration layer analyzes the horizontal integration of agricultural production with the pro-

cessing industry and service industry, focusing on the degree of integration between the cotton textile indus-

try and tertiary industries such as logistics, finance, culture, and tourism. 

Synergistic effect layer, researching the interaction between industry chain extension and tertiary industry 

integration in terms of economic, social, and ecological benefits. 

Design of the Indicator System 

To realize the quantification of the research framework, this study designs an indicator system covering three 

dimensions. Table 2 demonstrates the indicator system of industry chain extension, three industries integra-

tion, and synergistic effect designed by this study, which covers three dimensions, with several specific indi-

cators under each dimension, aiming to measure the synergistic effect and integration development of the 

cotton textile industry in Henan Province through quantitative analysis. The system provides a clear frame-

work for quantitative research, which helps to analyze the synergistic effect of industry chain extension and 
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integration of three industries in depth, and then provides a theoretical basis and policy support for promot-

ing the high-quality development of Henan's cotton textile industry [29]. 

 

Table 2. Indicator system of industrial chain extension, three Industries integration and synergy effect 

Indicator category Indicator dimension Specific indicators 

Industry chain extension 

indicators 

Raw material secu-

rity 

Cotton planting area, cotton yield per unit area (kg/ha), and proportion of high-

quality cotton 

Processing 
Cotton textile output value accounted for the proportion of total agricultural 

output value, textile deep processing ratio 

Innovation R&D investment ratio, new product output value ratio, and number of patents 

Market Expansion Number of brands, percentage of export value, and domestic market share 

Indicators of integration 

of the three industries 

Integration of pri-

mary and secondary 

industries 

Ratio of agricultural products processing rate, agricultural products processing 

industry output value 

Integration of one 

and three industries 

Number of cooperations between agriculture and e-commerce platforms, in-

come from agro-cultural tourism 

Integration of sec-

ondary and tertiary 

industries 

Ratio of inputs from the textile industry to logistics, finance, and cultural and 

creative industries 

Synergy effect indica-

tors 

Economic Benefits 
Growth rate of per capita income of farmers, growth rate of cotton textile in-

dustrial added value 

Social Benefits 
Scale of employed population, degree of farmers' organization, ratio of urban 

to rural disposable income 

Ecological Benefits 
Utilization efficiency of fertilizers and pesticides, energy saving, and emission 

reduction level, proportion of clean production enterprises 

Note: To ensure data comparability, all monetary indicators are adjusted to constant prices with 2014 as the base year. The "Urban-

rural disposable income ratio" is treated as an inverse indicator, with lower values corresponding to a higher level of synergistic 

development. 

 

Model and Method Design 

Synergy Measurement Model 

In order to quantify the synergistic effect of industry chain extension and three industries integration, this 

study introduces the synergy degree model. The degree of synergy reflects the degree of coordination be-

tween two or more systems in interaction, and is commonly used in the study of regional economy and in-

dustrial integration. The specific equation is: 
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( )
1 2

12 2
1 2

C U UU
U U

×
= =

+
                        (1) 

 

Where 1U  is the index of industry chain extension, 2U  is the index of three industries integration, and 12U  

is the index of the coupling effect of the two. When  C  approaches 1, this indicates a strong level of synergy 

between the two systems. 

Entropy Value Method and Comprehensive Evaluation 

In terms of indicator assignment, the entropy value method is used to determine the weight of each indicator 

to avoid the problem of excessive subjectivity. The entropy value method calculates the weights through the 

data's discrete degree of the indicators, which can objectively reflect the importance of the indicators. The 

specific process includes: data standardization, entropy value calculation, redundancy calculation, and 

weight determination. 

Empirical Test Method 

Based on synergy measurement, this study further adopts regression analysis and a panel data model to 

examine the impact of industry chain extension and three industries on economic, social, and ecological ben-

efits. Specific methods include: 

Fixed effects model. Used to examine the differences between different years and different regions. 

Correlation test. To test the interaction between the degree of industry chain extension and the degree of 

integration of the three industries. 

Sensitivity analysis. To test the robustness of the results under different indicator systems. 

A Combination of Qualitative and Quantitative Methods 

In addition to quantitative analysis, this study will also utilize case analysis and comparative research meth-

ods, selecting typical areas such as Xinxiang, Anyang, and Nanyang as cases to deeply analyze the specific 

patterns and practical paths of cotton textile industry chain extension and three industries integration. The 

selection of these three cities is based on two primary criteria: Industrial Scale, as their combined gross out-
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put value accounts for over 60% of the province's total cotton textile industry; and Typological Representa-

tion, with Xinxiang representing a complete industrial chain model, Anyang a deep-processing driven model, 

and Nanyang an agriculture-tourism integration model. Through the combination of qualitative and quanti-

tative methods, the formation mechanism of the synergistic effect can be revealed more comprehensively. 

RESULTS AND DISCUSSION 

Industry Chain Extension Measurement 

According to the index system of industrial chain extension degree designed in the previous part, the entropy 

value method is used to assign weights to each index, and the index of the cotton textile industry chain ex-

tension degree in Henan Province is calculated. The results show that during the period of 2014-2024, the 

extension degree of the cotton textile industry chain in Henan Province as a whole shows a trend of steady 

improvement. Among them, the ability to guarantee cotton raw materials remains stable, and the level of 

yields has slightly increased, but the main factors that really promote the growth of the extension are the 

processing link and the innovation link. Data show that between 2014 and 2024, the deep processing ratio 

of cotton textiles in Henan Province increased from 36.2% to 54.7%, and the output value rate of new prod-

ucts increased from 7.3% to 15.8%, indicating that the industrial chain has made substantial progress in ver-

tical extension and technological innovation. Specific data are shown in Table 3. 

 

Table 3. Cotton textile industry chain extension index and score of sub-indicators in Henan Province, 2014-2024 

Year 

Raw mate-

rial secu-

rity 

Processing 

link 

Innovation 

link 

Market 

Expansion 

Total Index of In-

dustry Chain Ex-

tension 

Xinxiang Anyang Nanyang 
Other Re-

gions 

2014 0.72 0.60 0.50 0.55 0.59 0.62 0.58 0.60 0.55 

2015 0.74 0.62 0.52 0.56 0.61 0.64 0.60 0.62 0.59 

2016 0.76 0.64 0.54 0.58 0.63 0.67 0.63 0.65 0.61 

2017 0.77 0.66 0.56 0.60 0.65 0.69 0.65 0.67 0.63 

2018 0.79 0.68 0.58 0.61 0.68 0.72 0.69 0.71 0.66 

2019 0.80 0.70 0.60 0.62 0.71 0.75 0.72 0.74 0.68 

2020 0.81 0.72 0.62 0.64 0.73 0.77 0.74 0.76 0.70 

2021 0.83 0.74 0.64 0.65 0.76 0.79 0.77 0.78 0.74 

2022 0.84 0.76 0.66 0.67 0.78 0.81 0.79 0.80 0.76 

2023 0.85 0.79 0.69 0.70 0.81 0.83 0.81 0.83 0.78 
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2024 0.86 0.82 0.71 0.72 0.84 0.85 0.83 0.85 0.80 

 

Figure 2 shows the heat map of the industry chain extension index of each region from 2014 to 2024. The 

colors in the map represent different index values: colors closer to red indicate higher industry chain 

extension levels, whereas colors closer to blue indicate lower levels. The extension index of the three major 

industrial clusters of Xinxiang, Anyang, and Nanyang is significantly higher than that of other regions, mainly 

due to the industrial agglomeration effect and the driving effect of leading enterprises. For example, the 

Xinxiang region relies on the R&D investment of large textile enterprises and the construction of industrial 

parks, and its innovation link extension score reaches the highest value in the province. In contrast, the ex-

tension index of some central and western counties has been relatively slow to improve, mainly due to in-

sufficient upstream and downstream convergence of the industrial chain, and low levels of agricultural prod-

uct processing rate and brand building. 

 

 

Figure 2. Heat map of Industry Chain Extension Index by region, 2014-2024 
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Measurement Results of the Integration Degree of Three Industries 

Utilizing the constructed index system of the integration degree of the three industries and empowered by 

the entropy value method, the index of the integration degree of the three industries of the cotton textile 

industry in Henan Province is calculated. Table 4 below demonstrates the three-industry integration index of 

Henan Province's cotton textile industry and its sub-indicator scores from 2014 to 2024. Through the quan-

titative analysis of the integration of the three industries, we can see that the integration of the cotton textile 

industry in Henan Province during this decade has shown an overall upward trend, with the integration of 

the three industries increasing from 0.32 in 2014 to 0.57 in 2024, indicating that the combination of agricul-

ture with the secondary and tertiary industries has been gradually strengthened, which promotes the mod-

ernization of agriculture and the upgrading of industries. 

 

Table 4. Index of the integration degree of three industries and score of sub-indicators of cotton textile industry in Henan Province, 

2014-2024 

Year 
Integration of primary and sec-

ondary industries 

Integration of primary and 

tertiary industries 

Integration of the two or 

three industries 

Overall index of tertiary 

integration 

2014 0.40 0.25 0.21 0.32 

2015 0.42 0.27 0.23 0.34 

2016 0.45 0.30 0.26 0.36 

2017 0.48 0.33 0.30 0.37 

2018 0.50 0.35 0.33 0.39 

2019 0.53 0.37 0.36 0.41 

2020 0.55 0.40 0.39 0.43 

2021 0.57 0.42 0.42 0.46 

2022 0.60 0.45 0.45 0.50 

2023 0.61 0.48 0.48 0.53 

2024 0.62 0.50 0.53 0.57 

 

As can be seen from the data in Table 4, in terms of the integration of primary and secondary industries, the 

processing rate of agricultural products has continued to increase, reaching 62.4% in 2024, up 21.5 percent-

age points from 2014. Especially in the Anyang and Nanyang areas, the agricultural production chain has been 

effectively extended through the development of cottonseed oil processing and by-product utilization. In 

addition to the integration of one or three industries, Henan actively promotes the development of cotton 
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cultural tourism. Xinxiang Textile Museum and Nanyang City's "Cotton Culture Festival" have become a typi-

cal case of the deep integration of agriculture and tourism [30]. In 2022, the province's rural tourism income 

related to cotton increased by nearly 2.3 times compared with 2015. It can be seen that the combination of 

the cotton textile industry with e-commerce, logistics, and finance has been further deepened. In 2024, the 

e-commerce sales of textile products in Henan Province increased by 4.7 times compared with 2014, pro-

moting the expansion of the value space of the industrial chain. 

Figure 3 is a stacked area chart showing the changes in different industrial integration indices between 2014 

and 2024. The figure includes four different industrial integration indices: primary and secondary industrial 

integration are represented by the lightest color. As can be seen from the graph, this index shows a slow but 

relatively small increase throughout the time period. The integration of primary and tertiary industries is 

represented by a slightly darker color. This index also shows a growing trend and a slightly larger growth than 

the integration index of one and two industries. The integration of two and three industries is represented 

by a darker color. This index shows the most pronounced growth trend, indicating that the integration of the 

two and three industries is accelerating. Tertiary integration is indicated by the darkest color. This index also 

shows a significant growth trend throughout the time period, indicating that the integration of the three 

industries is increasing. 

 

Figure 3. Stacked area map of industrial integration, 2014-2024 
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Synergy Index Measurement 

On the basis of the measurement of industry chain extension and integration of three industries, the synergy 

effect index of the cotton textile industry in Henan Province is calculated by using the synergy model. The 

results show that the synergistic effect index increased from 0.28 to 0.61 from 2014 to 2024, and the whole 

show the trend of gradually developing from a low level of coordination to a higher level of coordination. 

Specifically, the synergistic effect rose more slowly in 2014-2018, mainly due to the large disconnection be-

tween the raw material guarantee in the upstream of the industrial chain and the service extension in the 

downstream. And since 2019, as Henan Province vigorously pushes forward the structural reform of the ag-

ricultural supply side, the synergistic effect index has seen a significant increase, especially during the period 

of 2021-2024, when the increase is most obvious. In this stage, the synergistic development of the agricul-

tural product processing industry, rural tourism, and textile industry is increasingly prominent. 

Figure 4 shows the regional contributions of different regions in Henan Province to the cotton textile industry 

collaboration effect index between 2014 and 2024. Different colored dots are used in the figure to represent 

the contribution of different regions, where blue represents the Xinxiang region, green represents the An-

yang region, orange represents the Nanyang region, and red represents other regions. From the figure and 

combined with Table 5, it can be concluded that the synergy indexes of Xinxiang, Anyang, and Nanyang are 

all higher than the average level of the province, with Xinxiang reaching 0.74 in 2024, which is close to a 

highly coordinated state. In contrast, some cotton planting areas are still at a low to medium level of syner-

gistic effect index due to the lack of industrial chain convergence. 
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Figure 4. Regional contribution of cotton textile industry collaboration effect index in Henan Province (2014-2024) 

 

Regression Analysis 

In order to further verify the impact of industry chain extension and integration of three industries on eco-

nomic, social, and ecological benefits, this study uses the panel data fixed effect model for regression analysis. 

Figure 5 below demonstrates the results of the distribution of the effect size of industry chain extension and 

three industries' integration on three different types of benefits: economic, social, and ecological benefits. 

Effect on economic benefits. Both the degree of industry chain extension and the degree of three-product 

integration are significantly and positively correlated with the growth rate of farmers' per capita income. 

Among them, the regression coefficient of the industry chain extension degree is 0.326, and the regression 

coefficient of the degree of integration of the three industries is 0.412, indicating that both of them can 

significantly enhance the farmers' income, and the role of the integration of the three industries is more 

prominent. 

Impact on social benefits. The degree of industry chain extension and the degree of integration of the three 

industries both show significant positive effects on the size of the employed population and the rate of re-

duction of the urban-rural income gap. The data show that for every 0.1 unit increase in the degree of inte-

gration of the three industries, the rate of reduction of the urban-rural income gap increases by 1.3 percent-

age points. 
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Impact on ecological benefits. The degree of integration of the three industries shows a significant impact on 

green production, energy saving, and emission reduction, while the degree of industry chain extension has a 

relatively limited role in the enhancement of ecological benefits, mainly focusing on the promotion of clean 

production and resource recycling. 

 

 Figure 5. Extension of industrial chains and integration of the Three Sectors yield three distinct types of benefits 

 

Case Analysis 

Combining the typical cases of Xinxiang, Anyang, and Nanyang, given that these regions are part of the panel 

data, the case analysis here is not intended for independent statistical validation, but rather to exemplify and 

interpret the specific practical paths and micro-mechanisms behind the quantitative findings. In the Xinxiang 

case, relying on large textile enterprises and national industrial parks, Xinxiang has formed a complete indus-

trial chain from cotton planting to spinning, weaving, dyeing, and clothing, and through the combination with 

e-commerce, logistics, and tourism industries, the synergistic effect index reaches the highest level in the 

province. In the case of Anyang, it focuses on the development of cotton by-product processing, such as 

cottonseed oil and cottonseed protein, to realize the deep integration of primary and secondary industries 

in agriculture, and combines it with local culture and tourism to promote the sustainable increase of farmers' 

income. In the Nanyang case, by organizing the Cotton Culture Festival and developing rural tourism, a three-
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in-one integration model of agriculture, industry, and services has been formed, and the urban-rural income 

gap has been narrowed to a level significantly higher than the provincial average. 

DISCUSSION 

Synthesizing the above results, the following discussions can be drawn: first, the extension of the cotton 

textile industry chain in Henan and the integration of the three industries in agriculture have formed a benign 

interactive relationship. The vertical extension of the industrial chain provides a solid foundation for the in-

tegration of the three industries, while the integration of the three industries in turn promotes the value 

extension of the industrial chain. Secondly, the enhancement of synergistic effect is not only reflected in 

economic benefits, but also prominent in social and ecological benefits. In particular, the integration of the 

three industries plays a key role in promoting the coordinated development of urban and rural areas and 

green transformation. Third, there are obvious differences in synergistic effects among different regions. 

Industrial cluster regions such as Xinxiang, Anyang, and Nanyang have entered a higher level of coordination, 

while some county regions are still at a low to medium level, indicating that policy support and industrial 

organization innovation are decisive in synergistic development. Fourth, the regression results verify the va-

lidity of the research framework and indicator system constructed in the previous period. The extension of 

the industrial chain and the integration of three industries show significant impacts on economic, social, and 

ecological benefits, and the marginal effect of the integration of three industries is more prominent in some 

areas. This indicates that promoting the high-quality development of Henan's cotton textile industry needs 

to pay more attention to the integration with the tertiary industry while continuing to extend the industrial 

chain. 

CONCLUSION 

This study systematically examined the synergistic relationship between the extension of Henan’s cotton 

textile industrial chain and the integration of primary, secondary, and tertiary agricultural industries. By con-

structing an index system and applying the entropy value method, the coupling coordination model, and 

panel regression analysis, the research demonstrated that both chain extension and industry integration 

have shown steady improvement from 2014 to 2024. The synergy index rose from 0.28 to 0.61, confirming a 

shift toward a benign interactive stage. Empirical results highlighted that these developments significantly 
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enhanced farmers’ income, expanded employment opportunities, reduced the urban–rural income gap, and 

promoted green transformation. Regional cases, such as Xinxiang, Anyang, and Nanyang, further validated 

the benefits of industrial clustering and innovation in achieving higher synergy levels. 

Despite its contributions, this study has several limitations. First, the indicator system, while comprehensive, 

lacks sufficient dynamism and foresight, limiting its ability to capture rapid changes in the global textile value 

chain. Second, case studies focused mainly on a few leading regions, which may not fully represent the di-

versity of development paths across the province. Third, the analysis relied primarily on macro-level data, 

with insufficient attention to micro-level mechanisms such as enterprise innovation strategies, farmer par-

ticipation, and government-industry linkages. 

Future research should incorporate micro-level data from enterprises, cooperatives, and households to bet-

ter capture the mechanisms of collaboration and innovation. Greater emphasis should also be placed on 

analyzing Henan’s cotton textile industry within the context of global supply chain restructuring, digital trans-

formation, and smart manufacturing. Moreover, comparative studies across provinces and international 

cases could provide broader insights, while dynamic and predictive evaluation models should be developed 

to enhance the forward-looking value of research. These efforts will support the design of more targeted 

policies and innovative strategies to further strengthen the synergistic development of the cotton textile 

industry and agricultural economy. 

Author Contributions 

Yujie Wang contributes to conceptualization, methodology, formal analysis –investigation, resources, writ-

ing-original draft preparation; writing-review and editing, visualization. 

Conflicts of Interest 

The author declares no conflict of interest. 

Funding  

This work is supported by Key Scientific Research Project of Henan Provincial Higher Education Institutions 

2026.Optimizing Transmission Mechanisms and Pathways for AI-Based Remote Sensing Interpretation to Em-

power Smart Agriculture in Rural Revitalization (Grant No. 26B790010).  

TEXTILE & LEATHER REVIEW | 2026 | 9 | 5348‐5370

https://doi.org/10.31881/TLR.2026.5348 5366

https://doi.org/10.31881/TLR.2026.5348


WANG Y                                                                                                                                            
 

Human Research Subjects 

Informed consent was obtained from all questionnaire participants, and that all sensitive privacy data has 

been fully concealed to protect participants’ rights and confidentiality. 

Acknowledgements 

Not applicable. 

REFERENCES 

[1] Wang Y, Liu J, Zhang Y, Wang Y, Zhou S, Zhang J, et al. Analysis of the Evolution of Foreign Trade Patterns 

and Influencing Factors in Henan Province from 2002 to 2021. Sustainability. 2023; 15(21):15341. doi: 

10.3390/su152115341 

[2] Zhang H, Zhu C, Jiao T, Luo K, Ma X, Wang M. Analysis of the trends and driving factors of cultivated land 

utilization efficiency in Henan Province from 2000 to 2020. Land. 2024; 13(12):2109. doi: 

10.3390/land13122109 

[3] Abdulai AR. A New Green Revolution (GR) or Neoliberal Entrenchment in Agri-food Systems? Exploring 

Narratives Around Digital Agriculture (DA), Food Systems, and Development in Sub-Sahara Africa. J Dev 

Stud. 2022; 58(8):1588–1604. doi: 10.1080/00220388.2022.2032673 

[4] Li Q, Huang W, Wang J, Zhang Z, Li Y, Han Y, et al. Quantitative evaluation of variation and driving factors 

of the regional water footprint for cotton production in China. Sustain Prod Consum. 2023; 35:684–696. 

doi: 10.1016/j.spc.2022.11.016 

[5] Yu H, Xu L, Xiao L, Zhou Y. Rural Multifunctionality Evaluation and Interaction Relationships: A Case Study 

of Henan Province. J Resour Ecol. 2025; 16(2):415–426. doi: 10.5814/j.issn.1674-764x.2025.02.011 

[6] Zhao Y, Li Y, Liu Y, Yuan X. Evolution of rural human-earth system in midstream of China’s Yellow River 

and its implications for land use planning: A study of Lingbao County, Henan Province. Land Use Policy. 

2025; 150:107475. doi: 10.1016/j.landusepol.2025.107475 

[7] Fang D, Zhang X, Fang D, Zhang X. The Protective Effect of Digital Financial Inclusion on Agricultural 

Supply Chain during the COVID-19 Pandemic: Evidence from China. J Theor Appl Electron Commer Res. 

2021; 16(7):3202–3217. doi: 10.3390/jtaer16070174 

TEXTILE & LEATHER REVIEW | 2026 | 9 | 5348‐5370

https://doi.org/10.31881/TLR.2026.5348 5367

https://doi.org/10.31881/TLR.2026.5348


WANG Y                                                                                                                                            
 

[8] Su Y, Wei X, Wang Z, Gao L, Zhang Z. Cotton production in the Yellow River Basin of China: Reforming 

cropping systems for ecological, economic stability and sustainable production. Front Sustain Food Syst. 

2025; 9:1615566. doi: 10.3389/fsufs.2025.1615566 

[9] Huang F. Quantitative Evaluation of County-level Economic Development in Henan Province Based on 

Multiple Statistical Regression Models. J Comb MATH Comb COMPUT. 2025; 127:221–237. doi: 

10.61091/jcmcc127b-014 

[10] Yao N, Xu C. The Research on the Dynamic Mechanism and Mode of the Integration of Rural Primary, 

Secondary, and Tertiary Industries. Educ Humanit Res. 2021; 1(1):264–273. doi: 

10.25236/ssehr.2021.051 

[11] Yang Z, He Y, Aamir M, Javed I, Li G, Zhang Q, et al. Weather index insurance for transition to sustainable 

cotton production under climate change in Xinjiang, China. Front Environ Sci. 2022; 10:1027260. doi: 

10.3389/fenvs.2022.1027260 

[12] Hong Y, Ma L, Kang S, Zhang G. Decoupling carbon emissions from economic growth in China’s textile 

industry: A decomposition of driving factors. Front Environ Sci. 2025; 13:1587498. doi: 

10.3389/fenvs.2025.1587498 

[13] Fang Y, Yang Y. Analysis of spatial effects and influencing factors of rural industrial integration in China. 

Sci Rep. 2025; 15(1):16790. doi: 10.1038/s41598-025-01875-6 

[14] Lan Y, Wang X, Gao L. The Spatiotemporal Evolution Characteristics and Influencing Factors of Cotton 

Production Agglomeration in China. Inst Agric Econ Dev. 2024; 3(2):1–19. doi: 10.20944/pre-

prints202402.1011.v1 

[15] Zhu Y, Zheng B, Luo Q, Jiao W, Yang Y. Uncovering the drivers and regional variability of cotton yield in 

China. Agriculture. 2023; 13(11):2132. doi: 10.3390/agriculture13112132 

[16] Zhang Q, Guo W, Zheng Y. Temporal and spatial trajectories of the economic and pollution emission 

focus of China’s textile industry. World. 2022; 1(1). doi: 10.57237/j.wjmst.2022.01.006 

[17] Wang S, Chai Q, Sun X, Zhang Q, Yu H. Construction and application of an evaluation system for inte-

grated development of agricultural industry in China. Environ Dev Sustain. 2021; 23(5):7469–7479. doi: 

10.1007/s10668-020-00926-4 

TEXTILE & LEATHER REVIEW | 2026 | 9 | 5348‐5370

https://doi.org/10.31881/TLR.2026.5348 5368

https://doi.org/10.31881/TLR.2026.5348


WANG Y                                                                                                                                            
 

[18] Ju X, Ma Z, Chen F, Yao P, Liu J, Sriboonchitta S. Environmental regulation, industrial agglomeration, and 

sustainable development in the Chinese textile industry. Technol Econ Dev Econ. 2023; 29(6):1633–1656. 

doi: 10.3846/tede.2023.20010 

[19] Ren H, Yu X. Research on the Development Process of Modern Industry in Handan. J Landsc Res. 2022; 

14(2). doi: 10.16785/j.issn1943-989x.2022.2.014 

[20] He M, Mei M, Zhang H. Evolutionary Stages and Paths of Innovation Networks in Industrial Clusters: 

Case Study of Nanchong Silk-Spinning Garment Industry Cluster (SSGIC). J Knowl Econ. 2024; 

15(1):1703–1735. doi: 10.1007/s13132-023-01219-7 

[21] Li Z, Yan H, Liu X. Evaluation of China’s rural industrial integration development level, regional differ-

ences, and development direction. Sustainability. 2023; 15(3):2479. doi: 10.3390/su15032479 

[22] Setobayashi M. Globalisation and the development of the Chinese cotton industry in the early 20th cen-

tury. Asia‐Pacific Econ Hist Rev. 2025; 65(2):249–272. doi: 10.1111/aehr.70006 

[23] Xie C, Kuang Y, Wen H, Wu X. Agricultural agglomeration or industrial integration: How does agricultural 

insurance bolster agricultural resilience in China? Front Sustain Food Syst. 2025; 9:1–14. doi: 

10.3389/fsufs.2025.1531287 

[24] Hasan T, Sheikh MS, Hossain ML, Hoque MB. A comprehensive review of solid waste management in 

the textile industry. J Air Waste Manag Assoc. 2025; 75(11):839-854. doi: 

10.1080/10962247.2025.2550365 

[25] Wei DU. Development of the agricultural sector in China: Structure, trends, and involvement in the 

global trade flows. Серія Економіка. 2024; (27):85–92. doi: 10.34079/2226-2822-2024-14-27-85-92 

[26] Kashiwagi K, Iwasaki E. Effect of agglomeration on technical efficiency of small and medium-sized gar-

ment firms in Egypt. Afr Dev Rev. 2020; 32(1):14–26. doi: 10.1111/1467-8268.12411 

[27] Zhou J, Hu T, Wei Z, Ji D. Evaluation of High-Quality Development Level of Regional Economy and Explo-

ration of Index Obstacle Degree: A Case Study of Henan Province. J Knowl Econ. 2024; 16(2):10566–

10598. doi: 10.1007/s13132-024-02252-w 

[28] Cheng L, Huang H, Sun Y, Li Z, Du H. The evolutionary game in regulating non-agricultural farmland use 

within the integrated development of rural primary, secondary, and tertiary industries. Land. 2024; 

13(10):1600. doi: 10.3390/land13101600 

TEXTILE & LEATHER REVIEW | 2026 | 9 | 5348‐5370

https://doi.org/10.31881/TLR.2026.5348 5369

https://doi.org/10.31881/TLR.2026.5348


WANG Y                                                                                                                                            
 

[29] Zhang X, Zhou X, Liu H, Zhang J, Zhang J, Wei S. The Impact of Factor Price Change on China’s Cotton 

Production Pattern Evolution: Mediation and Spillover Effects. Agriculture. 2024; 14(7):1145. doi: 

10.3390/agriculture14071145 

[30] Li X, Lai X, Zhang F. Research on green innovation effect of industrial agglomeration from perspective of 

environmental regulation: Evidence in China. J Clean Prod. 2021; 288:125583. doi: 10.1016/j.jcle-

pro.2020.125583 

TEXTILE & LEATHER REVIEW | 2026 | 9 | 5348‐5370

https://doi.org/10.31881/TLR.2026.5348 5370

https://doi.org/10.31881/TLR.2026.5348

	INTRODUCTION
	Literature review
	Industrial Chain Extension
	Integration of ‘Three Industries’ in Agriculture
	Cotton Textile Industry and Regional Economy
	Shortcomings

	Material and methods
	Data Sources
	Framework and Indicator System
	Framework
	Design of the Indicator System

	Model and Method Design
	Synergy Measurement Model
	Entropy Value Method and Comprehensive Evaluation
	Empirical Test Method
	A Combination of Qualitative and Quantitative Methods


	Results and discussion
	Industry Chain Extension Measurement
	Measurement Results of the Integration Degree of Three Industries
	Synergy Index Measurement
	Regression Analysis
	Case Analysis

	Discussion
	Conclusion
	Author Contributions
	Conflicts of Interest
	Funding
	Human Research Subjects
	Acknowledgements

	References

