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Abstract: 

Cotton (Gossypium spp.) is an important fibre crop, and its production increasingly faces challenges associated 

with climate variability, resource depletion, soil degradation, and environmental impacts of intensive input use. 

So, sustainable production requires integration of productivity, fibre quality, resource-use efficiency and 

ecosystem functions. This study mapped research on sustainable cotton production, with emphasis on organic 

farming, natural farming, yield and fibre quality, and ecosystem services, using bibliometric and science-mapping 

approaches. Bibliographic records were retrieved from Scopus for 2010-2026 using four thematic searches and 

analysed using Biblioshiny and Bibliometrix in R. After screening and integration, 989 publications from 302 

sources, involving 3,575 authors and 45,915 references, were analysed. Scientific production showed an 

increasing trend, with a marked increase after 2020 and a peak of 102 publications in 2025. China and the United 

States were the leading contributors and collaboration hubs. Life-cycle analysis indicated that the field remains in 

an expansion phase, with a projected peak of approximately 136 publications in 2042.6. Keyword and co-

occurrence analyses showed that cotton yield, fibre quality, soil organic matter, organic carbon, irrigation, water-

use efficiency, nutrient management, and soil quality were major research themes. Thematic evolution revealed a 

shift from conventional field management and yield improvement toward integrated resource management, soil 

health, quality-oriented production, and climate-responsive practices. The results concluded that sustainable 

cotton research is becoming multidisciplinary and systems oriented. The future research should integrate organic 

and natural farming with precision water and nutrient management, biodiversity, ecosystem services, climate 

resilience, digital technologies, and advanced breeding approaches to develop productive, resource-efficient, and 

environmentally responsible cotton production systems. 
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1. Introduction 

Cotton (Gossypium spp.) is a globally important fibre crop that contributes substantially to agricultural economies, 

rural livelihoods and the textile industry. In addition to fibre, cotton provides edible oil, protein-rich seed products, 

animal feed and industrial raw materials. Growing demand for natural fibres, coupled with concerns over 

environmental degradation, resource depletion, and climate variability, has increased the need for sustainable 

cotton production systems that maintain productivity while reducing environmental impacts (Vitale et al., 2025). 

Consequently, research has expanded beyond yield to include alternative farming practices, fibre quality, soil 

health, biodiversity, and ecosystem functioning (Yosung et al., 2020). 

Conventional cotton production often depends heavily on synthetic fertilizers, pesticides, irrigation and other 

external inputs. Poorly managed input use can contribute to soil degradation, water contamination, biodiversity 

loss and disruption of beneficial agroecosystem processes. Cotton production is also increasingly affected by 

water scarcity, climatic variability, declining soil fertility and pest pressure (Honfoga, 2018). These challenges 

have stimulated research on production approaches that improve resource-use efficiency and ecological 

sustainability. Organic and natural farming have therefore received increasing attention as alternatives for 

reducing synthetic inputs while promoting soil biological activity, nutrient cycling, biodiversity, and ecosystem 

health. 

Organic cotton production emphasizes organic nutrient sources, biological inputs, ecological pest management, 

and reduced dependence on synthetic chemicals. Research has evaluated its effects on crop growth, yield, fibre 

quality, soil fertility, microbial activity, carbon dynamics, input use and profitability (Venugopalan et al., 2010). 

Natural farming represents another emerging approach based on ecological processes, locally available biological 
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resources, reduced external inputs, and improved soil-plant-microbial interactions. Although both approaches 

share sustainability-oriented principles, their management practices and scientific foundations differ (Saha and 

Biswas, 2026). Assessing their effects on cotton productivity, resource use, and environmental performance is 

therefore essential for developing context-specific sustainable production strategies. 

Yield and fibre quality remain key indicators of cotton production performance and economic viability. Cotton 

yield is influenced by genotype, nutrient and water availability, pest and disease pressure, environmental 

conditions, and crop management. Fibre properties, including length, strength, micronaire, and uniformity, 

determine processing suitability and market value (Scarpin et al., 2025). Sustainable production must therefore 

balance environmental benefits with agronomic and economic performance. Increasing research has consequently 

investigated whether alternative systems can reduce external inputs while maintaining or improving yield, fibre 

quality, profitability, and long-term soil productivity. 

The ecosystem-service perspective has further broadened sustainability assessment beyond yield and economic 

returns. Cotton agroecosystems contribute to nutrient cycling, carbon sequestration, soil organic matter 

maintenance, biological pest regulation, pollination, water regulation, and soil biodiversity (Power, 2010). 

Farming practices can influence these services by modifying soil biological communities, habitat diversity, 

resource availability, and crop-organism interactions. Integrating productivity, quality, farming practices, and 

ecosystem services therefore provides a comprehensive framework for assessing cotton sustainability and 

resilience. 

Despite growing interest, sustainable cotton research remains dispersed across agronomy, soil science, ecology, 

crop physiology, agricultural economics, and environmental science. Organic cotton studies often focus on soil 

fertility and input management, whereas natural farming research emphasizes ecological processes and biological 

inputs (Cassman and Grassini, 2020). Other studies concentrate on yield and fibre quality, while ecosystem-

service research addresses biodiversity, soil functions, carbon dynamics, and resource conservation. Although 

these themes are interconnected, their collective development and relationships within the global research 

landscape remain insufficiently characterized. 

Bibliometric analysis provides a quantitative approach for systematically evaluating large scientific literature. 

Publication and citation analysis, collaboration networks, keyword co-occurrence, bibliographic coupling, 

thematic mapping, and science visualization can identify influential authors, institutions, countries, journals, 

publications, research themes, and emerging research priorities (Brumă et al., 2023). However, comprehensive 

bibliometric research integrating organic farming, natural farming, cotton yield and fibre quality, and ecosystem 

services within a unified sustainable cotton framework remains limited. 

Therefore, this study aimed to map the global research landscape of sustainable cotton production using 

bibliometric and science-mapping approaches, with emphasis on organic farming, natural farming, yield and fibre 

quality, and ecosystem services. Specifically, the study aimed to: (i) evaluate publication growth and research 

productivity; (ii) identify leading countries, authors and influential publications; (iii) examine collaboration 

networks and intellectual structures (iv) identify major research themes and their interrelationships (v) analyse 

emerging keywords and thematic evolution (vi) identify knowledge gaps and future research directions. By 

integrating bibliometric performance analysis with science mapping, this study provides a comprehensive 

overview of the evolution, structure, and emerging priorities of sustainable cotton research, supporting future 

development of productive, resource-efficient, environmentally responsible, and climate-resilient cotton 

production systems. 

 

2. Materials and methods: 

2.1. Conceptual framework 

The conceptual framework integrates four major dimensions of sustainable cotton production: organic farming, 

natural farming, yield and fibre quality, and ecosystem services. It also incorporates bibliometric analysis to 

examine the global evolution of research and identify emerging research directions (Figure 1). Organic and natural 

farming represent alternative approaches for reducing external inputs and improving ecological sustainability, 

while yield and fibre quality indicate agronomic and economic performance. Ecosystem services broaden 

sustainability assessment by considering soil health, nutrient cycling, carbon sequestration, biodiversity, and 

biological regulation (Saharan et al., 2022). 

 

 
Figure 1. Conceptual framework for mapping global research on sustainable cotton production, 

integrating organic farming, natural farming, yield and fibre quality, ecosystem services, and the SAAS-

based bibliometric analysis workflow. 
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The framework links these components to emphasize that farming practices can influence cotton productivity, 

fibre quality, resource use, and ecosystem functions. Thus, sustainable cotton production is positioned at the 

intersection of productivity, quality, environmental sustainability, and ecosystem functioning. Bibliometric 

analysis maps the development of scientific knowledge across these interconnected themes using the SAAS 

(Search-Appraisal-Analysis-Synthesis) workflow (Cuccurullo et al., 2013). The Search stage retrieves relevant 

Scopus publications using predefined terms related to organic cotton, cotton yield and quality, natural farming, 

and ecosystem services. The Appraisal stage involves screening, data cleaning, duplicate removal, and 

standardization to ensure dataset quality. The Analysis stage evaluates publication trends, citations, leading 

contributors, collaboration networks, keyword co-occurrence, bibliographic relationships, and thematic patterns 

to identify major research themes and emerging topics (Aria and Cuccurullo, 2017; R core team, 2025).  

Emphasis is placed on the relationships among organic farming, natural farming, yield and quality, and ecosystem 

services within sustainable cotton research. Synthesis stage integrates the findings to identify influential research 

areas, emerging hotspots, knowledge gaps, and future priorities. The framework provides a roadmap for 

understanding the evolution and interconnections of sustainable cotton research and for identifying opportunities 

to develop productive, resource-efficient, and ecologically resilient cotton production systems. 

2.2. Data collection 

The bibliographic data used in this study were retrieved exclusively from the Scopus database, one of the largest 

and most comprehensive multidisciplinary scientific databases widely used for bibliometric research because of 

its extensive coverage, standardized indexing, and reliable citation information. Scopus provides high-quality 

bibliographic records that facilitate science mapping, citation analysis, and visualization of research trends across 

diverse disciplines (Misra et al., 2021). The methodology of data collection and analysis is illustrated in Figure 2. 

 

 
Figure 2. Methodology adopted for scientific mapping of research on organic and natural cotton farming 

and cotton ecosystem services. 

 

The literature search was conducted using four thematic keyword combinations to capture the major dimensions 

of sustainable cotton production, namely organic farming, yield and fibre quality, natural farming, and ecosystem 

services. All searches were restricted to the publication period 2010-2026 and limited to the subject area 

Agricultural and Biological Sciences to improve the relevance and consistency of the retrieved literature. The first 
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search used the keyword ‘organic cotton’, which retrieved 498 publications. The second search used ‘cotton yield 

and quality’, resulting in 401 publications. The third search used ‘cotton natural farming’, which retrieved 6 

publications, reflecting the relatively limited development of research specifically addressing natural farming in 

cotton. The fourth search used ‘cotton ecosystem services’, yielding 118 publications. These four thematic 

searches were designed to capture the principal research dimensions examined in the present study. 

The records retrieved from the four searches were exported from Scopus for subsequent bibliometric analysis. 

Prior to analysis, the datasets were examined for consistency, and bibliographic information was standardized 

where necessary. The records from the four thematic searches were subsequently integrated to develop a 

comprehensive dataset representing global research on sustainable cotton production. The combined dataset was 

then imported into Biblioshiny, the web interface of the Bibliometrix package in R, for bibliometric performance 

analysis and science mapping. 

The four searches collectively identified 1,023 records before integration and screening. The resulting dataset 

formed the basis for evaluating publication growth, research productivity, citation patterns, collaboration 

networks, influential authors and publications, thematic structures, keyword relationships, thematic evolution, and 

emerging research trends. By integrating these four thematic dimensions, the analysis provides a comprehensive 

assessment of the global research landscape surrounding sustainable cotton production, with particular emphasis 

on organic farming, yield and fibre quality, natural farming, and ecosystem services. The documents and metrics 

overview mentioned in Figure 3.  

 

 
Figure 3. The overview of the main information 

 

2.3. Data analysis and visualization 

The retrieved bibliographic records were analysed using Biblioshiny, the web interface of the Bibliometrix 

package in R, together with Microsoft Excel for data organization, verification, and graphical presentation. 

Bibliometrix is a widely recognized open-source bibliometric package that provides comprehensive tools for 

quantitative analysis, science mapping, and visualization of scientific literature. The Biblioshiny interface enables 

interactive analysis of publication performance, citation patterns, collaboration networks, keyword relationships, 

thematic structures, and research evolution (Aria et al., 2021). 

The cleaned and integrated Scopus dataset representing the four major dimensions of sustainable cotton 

production, namely organic farming, yield and fibre quality, natural farming, and ecosystem services, was 

imported into Biblioshiny for bibliometric analysis. Various descriptive and science-mapping techniques were 

employed to characterize the global research landscape of sustainable cotton production. These included annual 

scientific production, source analysis, authorship patterns, country and institutional productivity, citation analysis, 

collaboration networks, keyword co-occurrence, thematic mapping, thematic evolution, trend topic analysis, and 

conceptual structure analysis. These analyses provided insights into the development, intellectual structure, 

research hotspots, collaboration patterns, and emerging themes within sustainable cotton research. Microsoft 

Excel was used to organize the bibliographic data, verify descriptive statistics, and prepare tables and graphical 

presentations. Key bibliometric indicators, including the number of publications, sources, authors, author 

keywords, references, annual growth rate, average citations per document, international co-authorship, and co-

authors per document, were summarized to describe the overall characteristics of the dataset (Table 1). 

Based on the objectives of the study, the bibliometric indicators evaluated included: (i) annual publication trends 

and scientific growth (ii) the most productive journals, authors, institutions, and countries (iii) citation 

performance of publications, authors, and sources; (iv) international collaboration networks (v) author keyword 

frequency, co-occurrence, and emerging trends (vi) thematic mapping and thematic evolution (vii) the conceptual 

structure and intellectual development of sustainable cotton research. These analyses enabled a comprehensive 

assessment of the global development of research on organic farming, yield and fibre quality, natural farming, and 

ecosystem services in cotton, while facilitating the identification of influential contributors, major research 

themes, emerging research hotspots, and potential future research directions. 

 

Table 1. The overall information on bibliometric data 

Description Results 

MAIN INFORMATION ABOUT DATA  

Timespan 2010:2026 

Sources (Journals, Books, etc) 302 

Documents 989 

Annual Growth Rate % 2.36 
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Document Average Age 6.6 

Average citations per doc 19.52 

References 45915 

DOCUMENT CONTENTS  

Keywords Plus (ID) 5746 

Author's Keywords (DE) 3119 

AUTHORS  

Authors 3575 

Authors of single-authored docs 22 

AUTHORS COLLABORATION  

Single-authored docs 23 

Co-Authors per Doc 5.92 

International co-authorships % 19.21 

DOCUMENT TYPES  

article 937 

book chapter 23 

conference paper 11 

review 13 

 

3. Results 

3.1. Descriptive statistics of the study data, annual trend, and countries’ contributions 

A total of 989 publications related to sustainable cotton production, integrating organic farming, natural farming, 

yield and fibre quality, ecosystem services were published between 2010 and 2026, with annual scientific 

production showing an overall increasing trend. Publication output remained relatively stable during the early 

period (2010-2019), generally ranging between 34 and 53 articles per year, followed by a noticeable increase from 

2020 onwards. Scientific production reached 75 publications in 2020 and continued to rise, attaining its highest 

level of 102 publications in 2025, indicating growing global research interest in understanding abiotic stress 

responses, stress tolerance mechanisms, and climate-resilient cotton production. Although the number of 

publications declined to 61 in 2026, this comparatively lower output is likely attributable to the incomplete 

indexing of publications at the time of data retrieval. Citation impact also varied across the study period, with the 

highest mean total citations per article (40.59) recorded in 2015, while the highest mean total citations per year 

(3.52) was observed in 2022 (Figure 4). 

 
Figure 4. Evolution of annual scientific production and average citation impact (2010-2026).  

 

This comprehensive view combines annual publication output with citation impact indicators, including Mean 

TC/Art (total citations per article) and Mean TC/Year (total citations per year), highlighting the increasing research 

productivity and variation in citation impact over the study period. The figure shows the peak scientific production 

in 2025 and the highest Mean TC/Art in 2015, while the primary and secondary Y-axes are used to represent the 

divergent scales of publication output and citation impact. 
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Figure 5. Global scientific collaboration network and country-level collaboration structure in sustainable 

cotton production, integrating organic farming, natural farming, yield and fibre quality, ecosystem services 

(2010-2026). World collaboration map illustrating the geographical distribution of publications and international 

research collaborations, where country color intensity represents publication output and connecting lines indicate 

collaborative links between countries 

Country-wise scientific production revealed that China was the leading contributor, accounting for 1,070 

publications, followed by the United States (482), Pakistan (195), and India (194). Other notable contributors 

included Australia (119), Brazil (84), Türkiye (58), France (52), Egypt (48), and Mexico (43). The geographical 

distribution of publications indicates that research on sustainable cotton production is concentrated mainly in 

major cotton-producing and research-intensive countries. These studies broadly focus on organic farming, natural 

farming, yield and fibre quality, and ecosystem services, reflecting growing scientific interest in developing 

sustainable and resource-efficient cotton production systems. The dominance of China and the United States 

highlights their substantial contributions to research on sustainable cotton production, particularly in improving 

production efficiency, enhancing yield and fibre quality, promoting environmentally friendly farming practices, 

and strengthening ecosystem services. 

The country collaboration network demonstrated extensive international research linkages among major 

contributing countries (Figure 5). The strongest collaboration was observed between China and the United States, 

with a collaboration frequency of 29, followed by China-Pakistan (17), China-Australia (11), China-Canada (8), 

and United States-Canada (7). Additional collaborative connections were observed between China and France, 

China and Switzerland, Pakistan and Saudi Arabia, United States and Mexico, and Mexico and Switzerland. These 

linkages demonstrate the increasingly international nature of sustainable cotton production research, involving 

countries across Asia, North America, Europe, Oceania, and South America. The strong position of China as both 

a major producer of scientific publications and a central collaboration hub indicates its important role in 

coordinating international research activities. Such collaborative networks facilitate knowledge exchange, sharing 

of research expertise and resources, and integration of organic farming, natural farming, yield and fibre quality 

improvement, and ecosystem services approaches. These collaborations contribute to the development of more 

sustainable, resource-efficient, and environmentally responsible cotton production systems. The overall pattern is 

consistent with the broader bibliometric dataset, which recorded an international co-authorship rate of 18.31%, 

demonstrating that international collaboration constitutes an important component of global research on 

sustainable cotton production. 

3.2. Life cycle of scientific production 

The life cycle analysis revealed a rapidly expanding research trend on sustainable cotton production, integrating 

organic farming, natural farming, yield and fibre quality, ecosystem services over the study period (Figure 6). 

During the initial phase, annual publication output remained relatively low, indicating the emerging nature of the 

research domain. A progressive increase in publications was observed in subsequent years, with a noticeable 

acceleration during the recent period, reflecting growing scientific interest in advancing sustainable cotton 

production through organic farming, natural farming, yield and fibre quality improvement, and ecosystem 

services. The logistic growth model showed a good fit to the observed publication data (R² = 0.688) and predicted 

a peak scientific productivity of approximately 136 publications in 2042.6, indicating that the research field is 

expected to continue expanding before reaching its maximum growth phase. 
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Figure 6. Life Cycle Analysis of Scientific Production and Cumulative Growth in sustainable cotton 

production, integrating organic farming, natural farming, yield and fibre quality, ecosystem services 

(2010-2026). 

 

The figure presents the observed annual publication trend, logistic growth fit, projected publication trajectory, and 

estimated peak scientific productivity (136 publications in 2042.6; R² = 0.688), together with the cumulative 

growth curve and projected saturation level (K = 6,630 publications), illustrating the long-term growth and future 

development potential of the research field. 

 

The cumulative growth curve exhibited a characteristic sigmoidal pattern, with an estimated saturation level or 

carrying capacity (K = 6,630 publications). The model indicates that cumulative scientific production is expected 

to increase substantially in the coming decades before gradually approaching the estimated saturation level. This 

relatively high carrying capacity suggests considerable scope for further research and expansion within the field. 

Future research is likely to increasingly focus on functional genomics, transcriptomics, genome editing, molecular 

breeding, phenomics, and advanced stress-screening approaches to improve cotton resilience under changing 

climatic conditions. Overall, the life cycle analysis indicates that abiotic stress tolerance research in cotton remains 

an actively developing field with substantial future growth potential, rather than having already reached complete 

maturity. 

3.3. Keywords, thematic clustering, and co-occurrence network analysis 

The word cloud analysis highlighted the most frequently occurring terms in the literature on sustainable cotton 

production, providing an overview of the dominant research themes within the field (Figure 7A). As expected, 

cotton and Gossypium hirsutum were the most prominent terms, reflecting their central role in the research 

domain. Other frequently occurring terms, including fiber quality, crop yield, cotton yield, yield, seed cotton yield, 

and crop production, indicate a strong research emphasis on improving cotton productivity and fibre 

characteristics. The prominence of terms such as soil organic matter, organic carbon, soil quality, soils, nitrogen, 

fertilizer application, and cultivation demonstrates increasing attention to soil fertility management, nutrient 

cycling, and soil health as important components of sustainable cotton production. Similarly, the occurrence of 

irrigation, cotton drip irrigation, and water use efficiency highlights the importance of efficient water 

management for improving cotton productivity under resource-constrained conditions. Terms such as biomass, 

physiology, nitrogen, varieties, and fertilizer application further indicate the integration of crop growth, nutrient 

management, and agronomic practices in sustainable cotton production research. 

The keyword co-occurrence network further illustrated the conceptual relationships and thematic structure of 

sustainable cotton production research (Figure 7B). The network was organized into several interconnected 

clusters, with cotton occupying the most central position and showing extensive associations with crop yield, 

cotton yield, irrigation, drip irrigation, fiber quality, seed cotton yield, and yield. These interconnected terms 

indicate that productivity, fibre quality, and efficient resource utilization constitute major research priorities. A 

prominent cluster surrounding Gossypium hirsutum was strongly associated with soil organic matter, organic 

carbon, soil quality, soil fertility, crop rotation, cropping practice, crop production, nitrogen, and fertilizers, 

highlighting the importance of soil and nutrient management in sustainable cotton-based production systems. The 

presence of organic carbon, soil carbon, and soil quality within this cluster further demonstrates growing interest 

in maintaining soil health and enhancing ecosystem functions through improved production practices. 

Another interconnected cluster was characterized by cotton, crop yield, irrigation system, drip irrigation, water 

use efficiency, seed cotton yield, and fiber quality, emphasizing the relationship between water management, yield 

formation, and fibre performance. The network also contained a smaller cluster involving volatile organic 

compounds, metabolism, chemistry, physiology, and animals, suggesting research extending beyond conventional 

agronomic production towards plant physiological processes, biochemical interactions, and ecological 

dimensions. Co-occurrence network demonstrates that research on sustainable cotton production has evolved 
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beyond a narrow focus on yield to encompass soil health, organic carbon management, nutrient use, water-use 

efficiency, fibre quality, crop productivity, and ecological processes.  

 

 

 
Figure 7. Keyword analysis of global research on sustainable cotton production, integrating organic 

farming, natural farming, yield and fibre quality, ecosystem services (2010-2026). 

 

(A) Word cloud illustrating the most frequently occurring author keywords, where word size is proportional to 

keyword frequency. (B) Keyword co-occurrence network showing the relationships and clustering of major 

research themes, with node size representing keyword occurrence, line thickness indicating the strength of co-

occurrence, and colors denoting different thematic clusters. 

3.4. Three-field thematic plot and topic trend analysis 

The three-field thematic plot illustrates the relationships among the most productive authors, their associated cited 

references, and the dominant keywords in the literature on sustainable cotton production (Figure 8). This 

visualization provides an integrated overview of the intellectual structure of the field by linking leading 

researchers with the key publications and research themes associated with their contributions. The analysis 

highlights authors such as Wang Z., Zhang J., Li Y., Wang J., Li X., Wang X., Zhang X., Yang Y., Wang Y., Zhang 

Z., Li H., and Sun J., who show extensive connections with the identified research themes. The right-hand keyword 
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field is dominated by terms such as cotton, fiber quality, China, crop yield, cotton yield, Gossypium hirsutum, 

plants (botany), yield, irrigation, soils, soil quality, cultivation, and organic carbon, indicating that research has 

primarily focused on cotton productivity, fibre characteristics, soil health, and resource-efficient crop 

management. 

 
Figure 8A. Three-field thematic plot illustrating the relationships among the most relevant authors, 

author keywords, and indexed keywords in global research on sustainable cotton production, integrating 

organic farming, natural farming, yield and fibre quality, ecosystem services (2010-2026). 

 

The width of the connecting links represents the strength of the associations, highlighting the major contributors 

and dominant research themes, including cotton, Gossypium, genetics, metabolism, gene expression regulation, 

plant proteins, and physiological stress. 

The strong linkages between authors and keywords further demonstrate the multidisciplinary nature of sustainable 

cotton research, integrating yield improvement, fibre quality, irrigation management, soil fertility, organic carbon 

management, nutrient application, crop production, and sustainable cultivation practices. The presence of 

keywords such as soil organic matter, soil carbon, nitrogen, fertilizer application, biomass, crop rotation, organic 

system, and water use efficiency indicates increasing attention to resource conservation and ecosystem-oriented 

production approaches. The three-field relationships, suggest that contemporary research on sustainable cotton 

production is moving beyond yield maximization towards an integrated framework combining productivity, fibre 

quality, soil health, efficient use of water and nutrients, and environmentally sustainable farming practices. 

The topic trend analysis demonstrates the temporal evolution of research priorities in sustainable cotton production 

(Figure 8B). During the early years (2010–2014), research was primarily associated with basic crop and field-

management aspects, with topics such as rainfall, seed yield, field experiment, pH, water supply, growing season, 

and tillage reflecting an emphasis on crop establishment, soil conditions, and resource management. Between 

2015 and 2018, the research focus gradually expanded toward broader agronomic and soil-related themes, 

including residue management, biofuels, manure, Gossypium hirsutum, soil organic matter, soil carbon, enzyme 

activity, fertilizer application, and biomass. This period indicates increasing attention to soil health, nutrient 

management, organic inputs, and the ecological dimensions of cotton production. 

 
Figure 8B. Temporal evolution of research topics in sustainable cotton production, integrating organic 

farming, natural farming, yield and fibre quality, ecosystem services (2000-2026) based on author 

keywords. 
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Bubble size represents keyword frequency, while the horizontal line indicates the duration of each topic's 

occurrence over the study period. 

From 2019 to 2022, research increasingly concentrated on crop productivity and resource-use management, with 

prominent topics such as cultivation, irrigation, crop yield, cotton, yield, organic carbon, soils, plants (botany), 

fiber quality, and China. The emergence and persistence of organic carbon, soil quality, and fiber quality indicate 

a growing integration of productivity, soil sustainability, and end-use quality in cotton research. During 2023-

2024, the thematic landscape further diversified toward quality control, efficiency, food quality, dry matter, and 

seed, suggesting greater emphasis on production efficiency and quality-oriented outcomes. In the most recent 

period (2025-2026), topics such as nitrogen fertilizers, cotton yield, fertilization, arid regions, subirrigation, yield 

stress, and physiological models have become increasingly prominent, highlighting a shift toward optimizing 

nutrient and water management under resource-limited and environmentally challenging conditions. 

 

4. Discussion: 

4.1. Descriptive statistics of the study data, annual trend and countries’ contributions 

The bibliometric findings demonstrate a clear expansion of global research in sustainable cotton production, 

integrating organic farming, natural farming, yield and fibre quality, ecosystem services in cotton, particularly 

during the last decade. Publication output remained relatively stable during 2010-2019 but increased markedly 

after 2020, reflecting growing research interest in stress-response mechanisms and climate-resilient cotton 

production. The peak output in 2025 further confirms the increasing scientific attention to this field, while the 

lower publication count in 2026 should be interpreted cautiously due to incomplete indexing. Citation patterns 

indicate the continued influence of foundational research, with the highest mean total citations per article (40.59) 

recorded in 2015. The highest mean total citations per year (3.52) in 2022 further demonstrates the recent scientific 

visibility of the field. China and the United States emerged as the leading contributors, reflecting their strong 

research capacity and importance in cotton production. Contributions from Pakistan, India, Australia, Brazil, 

Türkiye, France, Egypt, and Mexico demonstrate that research activity is concentrated across major cotton-

producing and research-intensive regions. This pattern highlights the practical importance of improving cotton 

productivity under drought, salinity, temperature fluctuations, and other environmental stresses. The similar 

results were given by Aria and Cuccurullo (2017) and Mishra et al. (2021) 

The collaboration network demonstrates the increasingly international nature of the field, with particularly strong 

China-United States collaboration and additional linkages involving Pakistan, Australia, Canada, France, 

Switzerland, Saudi Arabia, and Mexico. The international co-authorship rate of 18.31% further confirms the 

importance of cross-border research cooperation. Such collaboration supports the integration of organic farming, 

natural farming, yield and fibre quality improvement, and ecosystem services approaches for promoting 

sustainable and resource-efficient cotton production (Khan et al., 2025). The research on cotton sustainable 

production, integrating organic farming, natural farming, yield and fibre quality, ecosystem services is evolving 

toward a globally connected, interdisciplinary, and climate-oriented research agenda, with increasing emphasis on 

integrated molecular approaches, advanced breeding technologies, and the development of climate-resilient cotton 

cultivars (Usha Rani et al., 2025). 

4.2. Life cycle of scientific production 

The life-cycle analysis indicates that research on sustainable cotton production remains in an active expansion 

phase rather than having reached maturity. The logistic model showed a moderate fit (R² = 0.688) and projected 

peak scientific productivity of 136 publications in 2042.6, suggesting substantial scope for continued growth. 

However, because the projection extends beyond the observed period (2010-2026), these estimates should be 

interpreted as model-based projections rather than definitive forecasts. The estimated carrying capacity of 6,630 

publications further indicates considerable long-term research potential (Contreras et al., 2025; Vitale et al., 2025). 

The expanding research scope reflects a transition from conventional productivity-oriented studies toward a 

broader sustainability framework incorporating organic and natural farming, soil health, water management, crop 

rotation, biological inputs, yield stability, fibre quality, and ecosystem services. Recent studies similarly 

emphasize integrated practices such as cover crops, crop rotation, microbial interventions, improved irrigation, 

and soil-resource conservation as important components of sustainable cotton production. Evidence from 

alternative and regenerative farming systems also suggests potential benefits for soil quality, productivity, and 

economic sustainability, supporting the increasing research interest in diversified cotton production approaches 

(Yosung et al., 2020; Liang et al., 2025). 

The projected growth suggests that future research will become increasingly multidimensional and systems-

oriented, integrating soil health, nutrient and water-use efficiency, biodiversity, ecosystem services, climate 

resilience, yield, fibre quality, and economic performance. This expansion reflects a broader shift toward 

integrated cotton production systems that balance productivity, resource-use efficiency, environmental 

sustainability, and ecosystem services. 

4.3. Keywords, thematic clustering, and co-occurrence network analysis 

The keyword analysis demonstrates that sustainable cotton research is increasingly focused on integrating 

productivity with resource conservation and environmental sustainability. The prominence of cotton and 

Gossypium hirsutum is expected, while the frequent occurrence of crop yield, cotton yield, seed cotton yield, and 

fiber quality indicates that maintaining productivity and end-use quality remains a fundamental research objective. 

However, the strong representation of soil organic matter, organic carbon, soil quality, nitrogen, and fertilizer 

application suggests a broader shift toward understanding soil fertility and nutrient management as key 

components of sustainable production. The similar results were also reported by Wang et al. (2024).  
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The co-occurrence network shows that the major research dimensions are strongly interconnected. The central 

role of cotton, along with yield, irrigation, drip irrigation, and fibre quality, highlights the importance of efficient 

water and resource management. The association of Gossypium hirsutum with soil organic matter, soil carbon, 

crop rotation, soil fertility, and nutrient management further emphasizes the importance of soil health in 

sustainable cotton production (Basal et al., 2009). The occurrence of water use efficiency and irrigation-related 

terms highlights the growing emphasis on efficient water management (Sivanesan et al., 2025). The presence of 

physiological, metabolic, and biochemical terms also indicates expanding interest in crop responses and ecological 

interactions. The thematic structure reflects a shift from yield-focused research toward integrated sustainable 

cotton production, linking productivity, fibre quality, soil health, nutrient management, water-use efficiency, and 

ecosystem services. 

4.4. Three-field thematic plot and topic trend analysis 

The three-field thematic and topic trend analyses demonstrate a clear broadening and diversification of sustainable 

cotton research over the study period. The strong association of leading authors with cotton, crop yield, fibre 

quality, soil quality, irrigation, and organic carbon indicates that research has increasingly moved beyond yield 

maximization toward integrated evaluation of productivity, quality, and resource conservation. The prominence 

of soil-related and nutrient-management terms suggests that maintaining soil fertility and organic carbon is 

increasingly recognized as an essential component of long-term cotton sustainability (Constable, 2004). 

The temporal evolution of topics provides further evidence of this transition. Early research focused largely on 

basic field management, rainfall, tillage, water supply, and seed yield, reflecting an emphasis on improving crop 

establishment and productivity. The subsequent emergence of residue management, manure, soil organic matter, 

soil carbon, enzyme activity, and fertilizer application indicates growing recognition of soil biological and 

chemical processes in sustainable production. From 2019 onwards, the increasing prominence of irrigation, water-

use efficiency, organic carbon, soil quality, and fibre quality suggests a more integrated approach to resource 

management and crop performance (Sellami and Terribile, 2023; Surya and Krishnan, 2025). 

The appearance of quality control, efficiency, nitrogen fertilizers, fertilization, arid regions, subirrigation, and 

physiological models during the most recent period further indicates that research is responding to resource 

limitations and environmental stresses. This progression suggests increasing interest in optimizing inputs rather 

than simply increasing their use. The findings indicate a transition from conventional agronomic and productivity-

oriented research toward integrated, resource-efficient, and sustainability-focused cotton production systems 

(Velasco-Muñoz et al., 2019). Future research is likely to increasingly connect soil health, water and nutrient 

efficiency, fibre quality, productivity, and ecosystem functions within holistic farming-system frameworks. 

Conclusions: 

The present bibliometric analysis provides a comprehensive overview of the global research landscape on 

sustainable cotton production, integrating organic farming, natural farming, yield and fibre quality, and ecosystem 

services during 2010-2026. The analysis of 989 publications revealed a clear expansion of scientific interest, 

particularly after 2020, with publication output reaching its highest level in 2025. China and the United States 

emerged as the leading contributors, while the collaboration network demonstrated increasing international 

connectivity among major cotton-producing and research-intensive countries. The life-cycle analysis further 

indicated that the research domain remains in an active growth phase, with substantial potential for future 

expansion. 

Keyword and thematic analyses demonstrated that sustainable cotton research is progressively shifting from a 

predominantly yield-oriented perspective toward an integrated approach encompassing fibre quality, soil health, 

organic carbon, nutrient management, irrigation, water-use efficiency, and ecosystem functions. The co-

occurrence network and three-field analysis confirmed strong interconnections among productivity, resource-use 

efficiency, soil sustainability, and crop quality. Temporal topic trends further showed a transition from 

conventional field management and yield improvement toward organic inputs, soil carbon, residue management, 

efficient irrigation, nutrient optimization, physiological responses, and production under resource-limited 

environments. 

These results and findings indicate that sustainable cotton production is evolving into a multidisciplinary and 

systems-oriented research domain that seeks to balance productivity with environmental sustainability and 

resource conservation. Future research should strengthen the integration of organic and natural farming practices 

with precision water and nutrient management, soil biological health, biodiversity, ecosystem services, climate 

resilience, and fibre quality. Greater integration of field experiments with molecular breeding, functional 

genomics, phenomics, digital agriculture, and life-cycle assessment could further support the development of 

resilient and resource-efficient cotton production systems. Strengthening international collaboration and 

interdisciplinary research will be particularly important for translating scientific advances into locally appropriate 

and economically viable sustainable cotton production practices. Thus, the present study provides a useful 

knowledge base for identifying emerging research priorities, research gaps, and future directions toward more 

productive, climate-resilient, and environmentally responsible cotton production systems. 
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