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Abstract This review investigates the dynamic landscape of sustainable cotton cultivation in the challenging terrain 

of saline soils, exploring the intricate interplay of challenges, innovations, and prospects. Cotton, a vital global 

commodity, encounters significant impediments in regions where saline soils threaten agricultural productivity. The 

escalating salinity levels pose multifaceted challenges, impacting crop yield and fiber quality and triggering 

environmental degradation and economic instability in cotton-dependent regions. The examination of challenges 

encompasses the detrimental effects of salinity on cotton growth, the far-reaching economic implications, and the 

limitations of conventional farming practices in saline environments. Innovations, ranging from soil amendment 

techniques to developing resilient cotton varieties and integrating precision agriculture, emerge as transformative 

solutions to address these challenges. These innovations not only mitigate the immediate impact of salinity but also 

contribute to the overall sustainability of cotton farming. Emerging trends in sustainable cotton cultivation, policy 

considerations, and ongoing research initiatives present promising prospects. Agroecological approaches, 

advancements in remote sensing technologies, and government support stand out as key elements shaping the 

trajectory of sustainable cotton agriculture in saline soils. As we navigate this dynamic landscape, the review 

underscores the importance of a holistic and adaptive approach, offering insights for stakeholders ranging from 

farmers and policymakers to researchers and industry leaders invested in ensuring the resilience and sustainability 

of cotton cultivation in saline soils. 

Keywords: Sustainable Cotton, Saline Soils, Agricultural Challenges, Innovations, Resilient Varieties, Precision 

Agriculture, Future Prospects, Environmental Sustainability 

Introduction  

Cotton, a global economic linchpin, faces a 

formidable hurdle in saline soils, presenting a 

complex challenge for agricultural sustainability 

(Mollaee et al., 2019). As arable land succumbs to 

increasing salinity levels, particularly in regions 

pivotal for cotton production, the need for innovative 

and sustainable practices has never been more 

pressing (Radhakrishnan, 2017). This review 

explores the intricate landscape of sustainable cotton 

cultivation in saline soils, delving into the challenges 

that disrupt traditional farming methods, the 

innovative solutions propelling the industry forward, 

and the promising prospects that herald a resilient era 

for cotton agriculture. The intersection of cotton 

cultivation and saline soils brings a nuanced 

conundrum that transcends agronomic concerns 

(Sharma and Singh, 2017). It encompasses 

environmental ramifications, economic repercussions 

for farming communities, and the imperative for 

global cotton industries to adapt to changing climate 

conditions (Mukhopadhyay et al., 2021). Against 

this backdrop, exploring sustainable practices 

becomes paramount, encompassing soil 

amendments, resilient crop varieties, and the 

integration of cutting-edge technologies. This review 

navigates the intricate web of challenges cotton 
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farmers face, the transformative innovations shaping 

the present, and the anticipatory gaze toward 

prospects. In doing so, it seeks to contribute to the 

ongoing discourse on sustainable agriculture, laying 

the foundation for a resilient and sustainable future 

for cotton cultivation in saline soils. 

Introduction to Sustainable Cotton Cultivation in 

Saline Soils 

Cotton, one of the most significant commercial crops 

globally, faces a pressing challenge in saline soil 

environments, impeding its sustainable cultivation 

(Mittal et al., 2020). Salinity, an increasing issue in 

agricultural lands, disrupts the delicate balance 

required for cotton growth, affecting yield and 

quality. The intersection of sustainable agriculture 

and cotton production within saline soils demands 

innovative solutions to ensure the resilience of this 

vital industry (Pandey, 2018) (figure1). 

 
Figure 1: Introduction to Sustainable Cotton 

Cultivation in Saline Soils 

Background of Saline Soil Challenges in 

Agriculture 

Saline soils, characterized by elevated soluble salts, 

pose formidable hurdles to agriculture. Excessive 

salts hinder plant water uptake, causing osmotic 

stress and disrupting nutrient absorption (Khan et al., 

2021). About 7% of the world's arable land globally 

suffers from salinity, affecting nearly 20% of 

irrigated lands. This alarming statistic highlights the 

urgency to address saline soil issues, especially in 

regions where cotton cultivation forms a cornerstone 

of the agricultural economy. 

Significance of Cotton Cultivation in Saline 

Environments 

Cotton, a cash crop sought after for its versatile 

applications in textiles and various industries, holds 

immense economic importance worldwide. 

However, the susceptibility of cotton plants to 

salinity-induced stress significantly diminishes yields 

and compromises fiber quality (Devkota et al., 

2022). Regions relying on cotton farming face 

economic instability due to decreased production, 

impacting local livelihoods and global supply chains. 

The need for sustainable cotton cultivation methods 

tailored to saline soils is paramount to ensure a 

steady supply of high-quality cotton without 

compromising environmental integrity. 

Overview of Sustainable Practices in Agriculture 

In recent years, sustainable agriculture has gained 

traction as a holistic approach to addressing 

environmental concerns while maintaining 

productivity. Techniques such as precision farming, 

crop rotation, and soil conservation have emerged as 

viable strategies to combat the adverse effects of 

saline soils on crop cultivation (Baloch et al., 2023). 

Integrated pest management and organic farming 

practices further underline the shift towards 

sustainable and environmentally friendly agricultural 

methodologies. Combining sustainable practices 

with cotton cultivation in saline soils represents a 

promising pathway. However, implementing these 

practices necessitates a nuanced understanding of the 

complex interactions between soil, water, and the 

cotton plant's physiology (Aslam, 2016). Moreover, 

the socio-economic implications of adopting such 

practices within farming communities must be 

considered for long-term viability and acceptance. 

Introducing sustainable cotton cultivation in saline 

soils signifies a crucial juncture in agricultural 

innovation. Addressing the challenges posed by 

saline environments to cotton production requires a 

multidisciplinary approach that integrates scientific 

advancements, technological innovations, and 

community engagement. This article explores the 

depth of these challenges, innovations, and potential 

prospects in ensuring a sustainable and robust cotton 

industry in saline soil environments. 

Challenges in Cotton Cultivation in Saline Soils 

Cotton cultivation in saline soils presents many 

challenges that extend beyond the immediate 

agricultural sphere, impacting both environmental 

sustainability and economic stability (Kamali et al., 

2022) (figure 2). 

 
Figure 2: Challenges in Cotton Cultivation in 

Saline Soils 

Background

Significance

Overview

Impact on Growth and Yield

Implications

Existing Limitations

https://doi.org/10.54112/bcsrj.v2023i1.584


Biol. Clin. Sci. Res. J., Volume, 2023: 584                                                                                    Baig et al., (2023)         

[Citation Baig, K.S., Ali, Z., Warraich, I.A., Khan, S.U., Kausar, R., Kashaf, A., Gul, N., Khan, O.U., Nawaz, R., 

Ahmad, H.T., (2023). Sustainable Cotton Cultivation in Saline Soils: Challenges, Innovations, and Future Prospects. 
Biol. Clin. Sci. Res. J., 2023: 584. doi: https://doi.org/10.54112/bcsrj.v2023i1.584] 

 3  
   

Impact of Salinity on Cotton Growth and Yield 

Salinity profoundly influences the physiological 

processes of cotton plants, directly affecting growth 

and yield. The increased concentration of salts in the 

soil disrupts the delicate balance of water uptake, 

leading to water stress in plants (Jabran and 

Chauhan, 2019). Cotton, known for its sensitivity to 

water availability, experiences reduced cell 

expansion and photosynthetic activity under saline 

conditions. Consequently, stunted growth and 

decreased boll development contribute to a 

significant decline in overall yield. The detrimental 

impact on fiber quality further exacerbates the 

economic losses incurred by farmers. 

Environmental and Economic Implications 

The consequences of saline soil challenges extend 

beyond the immediate agricultural landscape, 

permeating broader environmental and economic 

realms. Soil salinization contributes to the 

degradation of arable land, rendering it unsuitable for 

sustained agricultural use. This compromises food 

and fiber production and triggers a cascade of 

environmental issues, including increased water 

salinity in nearby water bodies and disruption of 

local ecosystems (Ghaffar et al., 2020). 

Economically, regions dependent on cotton face 

reduced income and heightened financial instability, 

amplifying the vulnerability of communities relying 

on cotton cultivation as a primary livelihood. 

Existing Limitations in Conventional Cotton 

Farming Methods 

While effective in optimal conditions, traditional 

cotton farming methods often fall short when 

confronted with the challenges posed by saline soils. 

Conventional irrigation practices can exacerbate 

salinity, as the applied water accumulates salts in the 

root zone (Wichelns and Qadir, 2015). Additionally, 

using non-resistant cotton varieties further intensifies 

the negative impact, as these plants lack the genetic 

resilience to thrive in saline environments. The 

reliance on chemical inputs and fertilizers 

exacerbates soil salinization, creating a vicious cycle 

of soil degradation and reduced agricultural 

productivity. Addressing these challenges 

necessitates a paradigm shift in cotton cultivation 

strategies, moving from conventional methods to 

innovative and sustainable approaches tailored to 

saline soil environments (Raliya et al., 2017). 

Recognizing these challenges is the first step in 

devising comprehensive solutions that mitigate the 

immediate impact on cotton yields and foster long-

term environmental and economic resilience. In the 

subsequent sections of this article, we will delve into 

the innovative practices and technologies that have 

emerged to tackle these challenges head-on, paving 

the way for sustainable cotton cultivation in saline 

soils. By understanding and addressing these 

challenges, the agricultural community can pave the 

way for a more resilient and sustainable future for 

cotton production in saline environments. 

Innovations and Sustainable Practices 

In the face of challenges posed by saline soils, the 

agricultural community has embraced a wave of 

innovations and sustainable practices, marking a 

transformative phase in cotton cultivation 

(Gebretsadik and Kiflu, 2018) (figure 3).

 
Figure 3: Innovations and Sustainable Practices 

Soil Amendment Techniques for Saline Soil 

Improvement 

One pivotal avenue of innovation lies in soil 

amendment techniques designed to improve the 

quality of saline soils. Gypsum, a calcium sulfate 

compound, has proven effective in displacing 

sodium ions in the soil, enhancing water 

permeability, and reducing salinity levels (Sarwar et 

al., 2022; Ali et al., 2014; Ali et al., 2016; Ali and 

Malik, 2021; Shah and Wu, 2019). Additionally, 

organic amendments, such as compost and manure, 

contribute to soil structure improvement and nutrient 

retention, fostering a more conducive environment 

for cotton growth. These practices not only mitigate 

the impact of salinity but also promote overall soil 

health and resilience. 

Resilient Cotton Varieties and Genetic 

Modifications 

The development of cotton varieties specifically 

engineered for resilience in saline environments 

represents a breakthrough in mitigating the 

challenges faced by traditional crops. Through 

genetic modifications, researchers have enhanced the 

salt tolerance of cotton plants, allowing them to 

thrive in conditions that would otherwise stunt 

conventional varieties (Bhanse et al., 2022; Raza et 

al., 2015ab; Rizwan et al., 2020). These resilient 

varieties not only withstand saline stress but also 

maintain or even improve fiber quality and yield. 

Integrating genetic engineering into cotton breeding 

programs opens new possibilities for creating crops 

adapted to the unique challenges of saline soils. 

Precision Agriculture and Technology Integration 

The advent of precision agriculture has ushered in a 

new era of efficiency and resource optimization in 
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cotton cultivation. Technologies such as sensors, 

drones, and satellite imaging enable farmers to 

monitor soil conditions precisely and tailor irrigation 

practices to the crop's specific needs (Arora et al., 

2018; Masood et al., 2015; Elahi et al., 2011; Ali et 

al., 2013). This targeted approach minimizes water 

and fertilizer use, mitigating the risk of exacerbating 

soil salinity. Additionally, data-driven decision-

making enhances overall farm management, 

promoting sustainability by reducing environmental 

impact and maximizing economic returns. The 

synergy of these innovations and sustainable 

practices is key to unlocking the full potential of 

cotton cultivation in saline soils (Altenbuchner et al., 

2016). By embracing a holistic approach that 

combines soil amendments, resilient crop varieties, 

and precision agriculture, farmers can navigate the 

challenges presented by salinity while fostering long-

term environmental and economic sustainability. As 

we look toward the future, the integration of cutting-

edge technologies, ongoing research in genetic 

engineering, and the adoption of best practices in soil 

management offer a promising trajectory for 

sustainable cotton cultivation. This section has 

provided a glimpse into the evolving landscape of 

innovative solutions, setting the stage for a more 

resilient and adaptive cotton industry in saline 

environments. The subsequent section will delve into 

the potential prospects and recommendations, 

exploring how these innovations can shape the 

trajectory of sustainable cotton cultivation in the 

years to come. 

Future Prospects and Recommendations 

The journey towards sustainable cotton cultivation in 

saline soils opens prospects, offering a glimpse into 

the transformative potential of ongoing innovations 

(Ali et al., 2021). As we navigate this path, it 

becomes imperative to outline strategic 

recommendations that can shape the trajectory of 

sustainable cotton farming in saline environments 

(figure 4). 

 
Figure 4: Future Prospects and Recommendations 

Emerging Trends in Sustainable Cotton 

Cultivation 

The landscape of sustainable agriculture is ever-

evolving, and emerging trends offer valuable insights 

into the future of cotton cultivation in saline soils 

(Albahri et al., 2023). Agroecological approaches, 

which emphasize integrating ecological principles 

into farming systems, are gaining prominence. These 

approaches consider the farm a dynamic ecosystem, 

promoting biodiversity, natural pest control, and 

reduced reliance on external inputs. Integrating 

agroecological principles into cotton cultivation 

enhances resilience to salinity and contributes to the 

overall health of the farming ecosystem. 

Furthermore, advancements in remote sensing 

technologies and artificial intelligence present real-

time monitoring and adaptive management 

opportunities. Smart farming systems, equipped with 

sensors and automated decision-making processes, 

can optimize resource use and respond dynamically 

to changing soil conditions (Kumawat et al., 2023). 

These technologies empower farmers to make data-

driven decisions, ensuring the efficient utilization of 

water resources and minimizing the environmental 

impact of cotton cultivation. 

Policy Implications and Government Initiatives 

The successful transition to sustainable cotton 

cultivation in saline soils requires a supportive policy 

framework and government initiatives. Policymakers 

are pivotal in incentivizing innovative practices 

through subsidies, research funding, and regulatory 

support (Khoshru et al., 2020). Governments can 

also facilitate knowledge exchange platforms, 

fostering collaboration between researchers, farmers, 

and industry stakeholders to share best practices and 

lessons learned. By integrating sustainable cotton 

farming into broader agricultural policies, 

governments can contribute to the resilience and 

long-term viability of the cotton industry in saline-

prone regions. 

Research Directions for Enhanced Resilience in 

Cotton Farming 

Ongoing research initiatives are fundamental to 

advancing our understanding of the complex 

interactions between cotton plants and saline soils. 

Future research endeavors should refine genetic 

modifications to enhance salt tolerance while 

maintaining or improving other agronomic traits 

(Gopikrishnan et al., 2022). Developing drought-

tolerant and disease-resistant varieties can further 

bolster the resilience of cotton crops, ensuring stable 

yields in challenging environments. Collaborative 

research should explore innovative water 

management strategies, such as alternative irrigation 

and water-efficient technologies (Lu et al., 2022). 

Understanding the dynamics of salt movement in soil 

and developing targeted strategies for salt 

remediation will be crucial in mitigating the adverse 

effects of salinity on cotton cultivation. The future of 

sustainable cotton cultivation in saline soils is poised 

at the intersection of technological innovation, policy 

support, and cutting-edge research. By embracing 

emerging trends, advocating for conducive policy 

environments, and prioritizing research initiatives, 

the cotton industry can adapt to the challenges posed 

Research 
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by saline soils and contribute to a more sustainable 

and resilient global agricultural landscape. As we 

celebrate the strides made in sustainable cotton 

cultivation over the past years, it is with anticipation 

and commitment that we look towards a future where 

cotton thrives in harmony with saline environments, 

ensuring a robust and sustainable future for this vital 

industry. 
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