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ABSTRACT

Salt stress is a major abiotic stress that affects plant growth and development at various stages of the plant's life cycle.
The impact of salt stress on seedling, vegetative and reproductive stages can vary depending on the salt concentration,
duration of exposure, and plant species. In general, salt stress can lead to reduced germination, growth inhibition, and
decreased yield and quality of crops. At the physiological level, salt stress can cause osmotic and ionic stress, leading
to water imbalance and nutrient deficiency. This can result in reduced photosynthesis, stomatal closure, and reduced
transpiration rates. Plants exposed to salt stress may also accumulate excess reactive oxygen species (ROS) that can
damage cell membranes, proteins, and DNA. In response to salt stress, plants activate various defense mechanisms such
as osmo-protectants, antioxidants, and signaling pathways to mitigate the damage caused by ROS. Salt stress can also
affect the fiber quality traits of crops. Studies have shown that cotton plants exposed to salt stress produce shorter and
weaker fibers, leading to reduced yield and quality of cotton fiber. In conclusion, salt stress has a significant impact on
various aspects of plant growth and development, including seedling, vegetative, and reproductive stages, as well as
physiological and fiber quality traits. Understanding the mechanisms of salt stress tolerance in plants can help develop

strategies to improve crop productivity and sustainability in saline environments.
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INTRODUCTION

Cotton is one of the world's most important natural
fibers and is grown and used for a wide range of purposes
around the globe. It has been a staple crop for centuries,
and today it remains an essential commodity that supports
millions of people across the world. Cotton is used to make
textiles, clothes, medical supplies, and even food products,
making it an incredibly versatile crop. Cotton is a vital cash
crop for many countries, with production and export of
cotton fiber contributing significantly to the GDP of many
nations (Razzagq et al., 2022). It is also an important source
of employment, providing jobs for millions of people
worldwide, from cotton farmers to textile manufacturers.
As such, the global cotton trade is a critical component of
the global economy, with many countries relying on the
crop to sustain their economic growth and development.
However, cotton production is often limited by a variety of
environmental stresses, including salt stress. Salt stress

occurs when soil salinity levels become too high, leading
to reduced crop yields, poor quality cotton fibers, and
increased susceptibility to pests and diseases (Farooq et al.,
2022).

The impact of salt stress on cotton is a growing
concern worldwide, with many cotton-growing regions
experiencing rising soil salinity levels due to a range of
factors, including over-irrigation, poor drainage, and
climate change (Zafar et al., 2022a). As salt stress becomes
more widespread, it poses a significant threat to global
cotton production, food security, and the livelihoods of
millions of cotton farmers worldwide. Salt stress can lead
to a wide range of physiological and biochemical changes
in cotton plants, including reduced photosynthesis,
decreased water uptake, and alterations in gene expression.
These changes can ultimately impact the quality and
quantity of cotton produced, with reduced fiber length,
strength, and fineness, as well as reduced seed germination
rates (Ma et al., 2021).
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As such, there is an urgent need to understand the
impact of salt stress on cotton and to develop strategies to
mitigate its effects. This article will explore the impact of
salt stress on cotton production worldwide, highlighting the
key physiological and biochemical changes that occur in
response to salt stress, the challenges facing cotton farmers,
and the strategies being developed to address this critical
issue.

Impact of Salinity on Seedling Traits

Salt stress can significantly reduce seed germination in
cotton plants. The extent of reduction in seed germination
depends on the severity and duration of the salt stress.
Several studies have reported that salt stress can reduce
seed germination in cotton by up to 50%, with the highest
reduction observed at higher salinity levels. For example, a
study by Chen et al. (2020) reported that salt stress
significantly reduced seed germination of cotton by up to
45% at a salinity level of 200 mM NaCl. Salt stress can lead
to reduced water uptake and imbalanced ion homeostasis,
resulting in altered hormone levels and gene expression
patterns that impact seed germination. For example, a study
by Guo et al. (2021) reported that salt stress increased the
accumulation of abscisic acid (ABA) in cotton seeds, which
is known to inhibit seed germination.

In recent years, there has been an increasing interest in
studying the impact of salt stress on root length and weight
in cotton, as roots are critical for plant nutrient and water
uptake. Salt stress can lead to reduced root length in cotton
plants, with shorter and thinner roots that are less able to
take up water and nutrients from the soil. Several studies
have reported that salt stress can reduce root length in
cotton plants, with the extent of reduction depending on the
severity and duration of the stress. For example, a study by
Fathi-Sadabadi et al. (2022) reported that salt stress
reduced root length in cotton. Salt stress can also impact
root weight in cotton plants, with reduced biomass
accumulation and altered root morphology. Several studies
have reported that salt stress can reduce root weight in
cotton plants, with the extent of reduction depending on the
severity and duration of the stress. For example, a study by
Guo-Wei et al. (2011) reported that salt stress reduced root
weight in cotton by up to 52%, with the highest reduction
observed at a salinity level of 200 mM NaCl. Another study
by Peng et al. (2014) reported that salt stress altered the root
morphology of cotton plants, with reduced lateral root
branching and increased root hair length.

Salt stress can lead to reduced shoot growth in cotton
plants, with shorter and thinner shoots that are less able to
photosynthesize and produce biomass. Several studies have
reported that salt stress can reduce shoot growth in cotton
plants, with the extent of reduction depending on the
severity and duration of the stress. For example, a study by
Basal, (2010) reported that salt stress reduced shoot length
in cotton by up to 40%, with the highest reduction observed
at a salinity level of 100 mM NacCl. Salt stress can also
impact shoot biomass in cotton plants, with reduced dry
weight accumulation and altered shoot morphology.
Several studies have reported that salt stress can reduce
shoot biomass in cotton plants, with the extent of reduction
depending on the severity and duration of the stress. For
example, a study by Dong, (2012) reported that salt stress
reduced shoot biomass in cotton by up to 50%, with the
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highest reduction observed at a salinity level of 150 mM
NaCl. Another study by Abdelraheem et al. (2019) reported
that salt stress altered the shoot morphology of cotton
plants, with reduced leaf area and chlorophyll content. The
impact of salt stress on shoot growth and biomass in cotton
is mediated by various physiological and biochemical
changes in response to stress. Salt stress can lead to reduced
photosynthetic activity in cotton shoots, as well as altered
leaf membrane integrity and ion transport. Additionally,
salt stress can lead to altered hormone levels and gene
expression patterns in cotton shoots, impacting shoot
growth and development. For example, a study by Zafar et
al. (2022) reported that salt stress reduced the expression of
genes involved in photosynthesis in cotton shoots, which
may have contributed to reduced shoot growth and biomass
accumulation under salt stress.

Impact of Salt Stress on Vegetative Growth of Cotton

Salt stress can have a significant impact on the
vegetative growth of cotton plants. Here are some possible
effects:

Reduced Growth and Development: High salt
concentrations can reduce the overall growth and
development of cotton plants. This can lead to stunted
growth, reduced leaf size, and poor root development. Salt
stress can also reduce the number of branches and leaves
produced by the plant, which can impact its overall
productivity and yield (Basal, 2010).

Leaf Chlorosis and Necrosis: Salt stress can cause leaf
chlorosis, which is a yellowing of the leaves due to a lack
of chlorophyll production. This can impact the plant's
ability to photosynthesize and produce energy, leading to
reduced growth and productivity. In severe cases, salt stress
can also cause leaf necrosis, where the leaves die off
completely (Khorsandi & Anagholi, 2009).

Reduced Water Uptake: Salt stress can interfere with the
ability of cotton plants to take up water from the soil. This
can lead to water stress and reduced growth, as well as
increased susceptibility to other environmental stresses and
diseases (Ashraf, 2002).

Altered Nutrient Uptake: High salt concentrations can
also interfere with the uptake of essential nutrients by the
cotton plant. This can lead to nutrient deficiencies, which
can impact the growth and development of the plant
(Farooq et al., 2022).

Overall, salt stress can have a range of negative impacts on
the vegetative growth of cotton plants, reducing their
productivity, yield, and overall health. It is important to
manage soil salinity and provide optimal growing
conditions to ensure the production of healthy, productive
cotton plants.

Impact of Salt Stress on Agronomic Characters of
Cotton

Salt stress can significantly reduce the number of bolls
in cotton plants. The extent of reduction in the number of
bolls depends on the severity and duration of the salt stress.
Several studies have reported that salt stress can reduce the
number of bolls in cotton by up to 50%, with the highest



reduction observed at higher salinity levels. For example, a
study by Zafar et al. (2022b) reported that salt stress
significantly reduced the number of bolls in cotton by up to
46%. Salt stress can lead to reduced water uptake and
imbalanced ion homeostasis, resulting in altered hormone
levels and gene expression patterns that impact the number
of bolls. For example, a study by Khorsandi & Anagholi,
(2009) reported that salt stress reduced the expression of
genes involved in flower development and hormone
signaling pathways in cotton, leading to a reduction in the
number of bolls.

Salt stress can significantly reduce the boll weight in
cotton plants. The extent of reduction in boll weight
depends on the severity and duration of salt stress. Several
studies have reported that salt stress can reduce the boll
weight in cotton by up to 30%, with the highest reduction
observed at higher salinity levels. For example, a study by
Zafar et al. (2020) reported that salt stress significantly
reduced the boll weight in cotton by up to 28% at a salinity
level of 15 dS/m. Pessarakli, (2021) reported that salt stress
reduced the expression of genes involved in fiber cell
elongation and secondary cell wall biosynthesis in cotton,
leading to a reduction in boll weight.

Impact of Salt Stress on Reproductive Parts of Cotton

Salt stress can have a significant impact on the
reproductive performance of cotton plants, including their
pollen morphology, germination, and fertility. Here are
some possible effects:

Pollen Morphology: Salt stress can alter the size, shape,
and surface structure of cotton pollen grains. For example,
exposure to high salt concentrations can cause pollen grains
to shrink or become dehydrated, resulting in changes in
their overall morphology. These alterations can reduce the
effectiveness of pollen in fertilizing the female
reproductive structures of the plant (Ma, Dong & Li, 2011).

Pollen Germination: Salt stress can also negatively affect
pollen germination, which is the process by which the
pollen tube grows and penetrates the female reproductive
structures to reach the ovule. High salt concentrations can
inhibit pollen germination by interfering with the delicate
balance of ions and enzymes required for this process. This
can result in reduced pollen tube growth and a lower
likelihood of successful fertilization (Jafri & Ahmad,
2002).

Pollen Fertility: Salt stress can also decrease the overall
fertility of cotton pollen. This means that a lower
percentage of pollen grains are capable of successfully
fertilizing the female reproductive structures of the plant.
The exact mechanisms behind this reduction in fertility are
not fully understood but are thought to involve disruptions
to cellular metabolism, membrane integrity, and ion
transport (Kumari, Gupta, Chandra, Singh, & Yadav,
2021).

Flower and Fruit Development: High salt concentrations
can interfere with the development of flowers and fruit in
cotton plants. This can lead to reduced fruit set, lower
yields, and poor quality of cotton fiber. In severe cases, salt
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stress can cause flower abortion, where the flowers fail to
develop into fruits (Pessarakli, 2021).

Seed Quality: Salt stress can also reduce the quality of
cotton seeds produced by the plant. This can include a
decrease in seed size, weight, and germination rates, which
can ultimately impact the success of future cotton crops
(Zafar et al., 2022b).

Salt stress can significantly affect the floral bud
development in cotton, leading to reduced flower numbers
and even abortion. The severity and duration of the salt
stress can have a significant impact on the floral bud
development. Several studies have reported that salt stress
can delay the floral bud emergence, reduce the number of
floral buds, and cause flower abortion in cotton (Sharif et
al., 2020).

Fiber Quality Traits of Cotton

Salt stress can have a significant impact on the fiber
quality traits of cotton, including fiber length, fiber
strength, and fiber fineness. Here are some possible effects:

Fiber Length: Salt stress can reduce the length of cotton
fibers, which can lead to lower quality yarn and fabric. This
reduction in fiber length is thought to be caused by a
decrease in cell elongation and a disruption of the delicate
balance of ions and enzymes required for fiber
development (Farooq et al., 2022).

Fiber Strength: Salt stress can also decrease the tensile
strength of cotton fibers, making them more prone to
breaking during processing and use. This reduction in
strength is thought to be caused by changes in the chemical
composition and structural integrity of the fiber cell wall
(Zafar et al., 2020).

Fiber Fineness: Salt stress can also alter the diameter and
fineness of cotton fibers, which can impact their suitability
for different types of textiles and clothing. This alteration
in fiber fineness is thought to be caused by changes in the
timing and duration of fiber development, as well as
changes in the deposition of cell wall components (Zafar et
al., 2022b).

Other Fiber Quality Traits: In addition to fiber length,
strength, and fineness, salt stress can also impact other fiber
quality traits, such as fiber maturity, uniformity, and color.
These effects can vary depending on the severity and
duration of the salt stress, as well as the specific variety of
cotton being grown (Zafar et al., 2022b).

Impact of Salt Stress on Cotton Physiology and
Antioxidant

Salt stress can have a significant impact on cotton
physiology and antioxidant levels. Cotton plants are highly
sensitive to salt stress, which can lead to decreased growth
and yield. Salt stress can also induce oxidative stress in
plants, leading to changes in the antioxidant defense system
of the plant.

The following are some of the effects of salt stress on
cotton physiology and antioxidant levels:



Reduced Growth: High levels of salt in the soil can inhibit
the growth of cotton plants. Salt stress can reduce the rate
of photosynthesis and reduce the availability of water and
nutrients to the plant, which can lead to stunted growth
(Sharif et al., 2019).

lon Toxicity: Salt stress can lead to ion toxicity in cotton
plants. High levels of salt can lead to an accumulation of
toxic ions such as sodium (Na*) and chloride (CI") in the
plant tissue, which can disrupt normal physiological
processes (Gao et al., 2016).

Water Stress: Salt stress can also lead to water stress in
cotton plants. High levels of salt in the soil can reduce the
availability of water to the plant, which can lead to wilting
and reduced growth.

Antioxidant Defense System: Salt stress can induce
oxidative stress in cotton plants, leading to changes in the
antioxidant defense system of the plant. Antioxidants such
as ascorbate (AsA), glutathione (GSH), and enzymes such
as catalase (CAT), peroxidase (POD), and superoxide
dismutase (SOD) play an important role in protecting the
plant from oxidative damage. Salt stress can increase the
activity of these antioxidants and enzymes, which can help
mitigate the damage caused by oxidative stress (Sabagh et
al., 2021).

Alteration of Biochemical Processes: Salt stress can alter
biochemical processes in cotton plants, such as the
synthesis of proteins and enzymes, leading to physiological
and metabolic imbalances. This can affect the plant's ability
to regulate its antioxidant defense system. Overall, salt
stress can have a significant impact on cotton physiology
and antioxidant levels. It is important to manage soil
salinity levels to ensure optimal growth and yield of cotton
plants while minimizing oxidative stress and maintaining a
healthy antioxidant defense system (Dubey & Verma,
2019).

Omics Approaches for the Management of Salinity
Tolerance in Cotton

Omics approaches have been increasingly used in
recent years to study the response of plants to salt stress.
Cotton is one of the most important fiber crops worldwide,
and it is highly sensitive to salt stress. Here are some of the
omics approaches used for the management of salt stress in
cotton:

Transcriptomics: Transcriptomics is the study of the
entire transcriptome of a cell, tissue, or organism. It can
provide insights into the gene expression changes that
occur in response to salt stress. Transcriptomic studies have
been used to identify differentially expressed genes in
cotton under salt stress. These genes can provide insights
into the molecular mechanisms underlying salt stress
tolerance in cotton (Sabagh et al., 2021; Zhang et al., 2022).

Proteomics: Proteomics is the study of the entire set of
proteins expressed in a cell, tissue, or organism. Proteomic
studies have been used to identify proteins that are
differentially expressed in cotton under salt stress. These
proteins can provide insights into the molecular
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mechanisms underlying salt stress tolerance in cotton
(Alkharabsheh et al., 2021).

Metabolomics: Metabolomics is the study of the entire set
of metabolites in a cell, tissue, or organism. Metabolomic
studies have been used to identify metabolites that are
differentially expressed in cotton under salt stress. These
metabolites can provide insights into the metabolic
pathways that are affected by salt stress and the strategies
that plants use to cope with salt stress.

Epigenomics: Epigenomics is the study of the epigenetic
modifications that occur in a cell, tissue, or organism.
Epigenetic modifications can affect gene expression and
play an important role in plant response to salt stress.
Epigenomic studies have been used to identify epigenetic
modifications that occur in cotton under salt stress and to
understand their role in salt stress tolerance (Kumar, Khare,
Shriram & Wani, 2018).

Genome-Wide Association Studies (GWAS): GWAS is
a powerful tool for identifying genetic loci associated with
complex traits. GWAS studies have been used to identify
genetic loci associated with salt stress tolerance in cotton.
This information can be used to develop new cotton
varieties that are more tolerant to salt stress (Kausar &
Komatsu, 2022).

Overall, omics approaches have provided valuable
insights into the molecular mechanisms underlying salt
stress tolerance in cotton. These approaches have the
potential to facilitate the development of new cotton
varieties that are more tolerant to salt stress and can help to
ensure sustainable cotton production in salt-affected areas.

Breeding Approaches

Conventional breeding approaches have been used for
many years to develop crop varieties that are more tolerant
to salt stress, including cotton. Here are some of the
conventional breeding approaches wused for the
management of salt stress in cotton:

Phenotypic Selection: Phenotypic selection is the most
common conventional breeding approach used for salt
stress tolerance in cotton. In this approach, breeders select
plants with desirable phenotypic traits, such as high yield,
in salt-affected environments (Zafar et al., 2020).

Hybridization: Hybridization involves crossing two
genetically different cotton varieties to produce offspring
with desirable traits, including salt stress tolerance.
Hybridization can increase genetic diversity and introduce
novel traits that can enhance salt stress tolerance (Haroon
et al., 2022; Sahar et al., 2021).

Mutagenesis: Mutagenesis is the process of inducing
mutations in the genome of a plant. Mutagenesis can lead
to the production of new cotton varieties with improved salt
stress tolerance (Jain, 2010).

Introgression: Introgression involves transferring genes
from one cotton variety to another. This approach can be
used to introduce desirable traits, such as salt stress



tolerance, from wild cotton species or related crops to
cultivated cotton varieties (Stewart, Halfhill, & Warwick,
2003).

Marker-Assisted Selection (MAS): MAS is a molecular
breeding approach that involves selecting plants based on
molecular markers that are linked to desirable traits. MAS
can be used to select cotton plants with desirable salt stress
tolerance traits (Shahzad et al.,2022).

Genomic Selection: Genomic selection is a molecular
breeding approach that uses genomic data to predict the
performance of plants under different environmental
conditions, including salt stress. Genomic selection can be
used to select cotton plants with desirable salt stress
tolerance traits based on their genetic makeup (Xu et al.,
2022).

Overall, conventional breeding approaches have been
effective in developing cotton varieties with improved salt
stress tolerance. These approaches have the potential to
continue to play a critical role in the development of salt-
tolerant cotton varieties that can ensure sustainable cotton
production in salt-affected areas.

In addition to conventional breeding approaches,
modern approaches have been developed to manage salt
stress in cotton. Here are some of the modern approaches
used for the management of salt stress in cotton:

Genetic Engineering: Genetic engineering involves the
manipulation of the genetic material of a plant to introduce
or enhance specific traits, including salt stress tolerance.
Researchers have identified genes that are involved in salt
stress tolerance in cotton and have used genetic engineering
techniques to overexpress these genes in cotton plants
(Razzaq et al., 2021).

Genome Editing: Genome editing involves the precise
modification of the DNA sequence of a plant. Genome
editing can be used to modify specific genes involved in
salt stress tolerance in cotton to enhance salt stress
tolerance.

RNA Interference (RNAIi): RNAIi is a molecular
technique that involves the suppression of specific genes
by introducing small RNA molecules that bind to and
degrade specific messenger RNA molecules. RNAi can be
used to suppress genes that are involved in salt stress
sensitivity in cotton plants (Ren, Zafar, Mo, Yang, & Li,
2019).

Plant-Microbe Interactions: Plant-microbe interactions
have been shown to play an important role in plant response
to salt stress. Researchers have identified microbes that can
enhance salt stress tolerance in cotton plants, including
plant growth-promoting bacteria and mycorrhizal fungi.
These microbes can be used to enhance salt stress tolerance
in cotton (Kumar & Verma, 2018).

Nano-Fertilizers: Nano-fertilizers are fertilizers that are
produced using nanotechnology. These fertilizers can
enhance nutrient uptake by plants and improve plant
growth and stress tolerance. Nano-fertilizers have been
shown to improve salt stress tolerance in cotton plants
(Hussein & Abou-Baker, 2018).
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Conclusion

In conclusion, salt stress has a multifaceted impact on
various stages of plant growth and development, as well as
on physiological and fiber quality traits. The adverse
effects of salt stress can lead to reduced germination,
growth inhibition, and decreased yield and quality of crops.
The physiological effects of salt stress, such as osmotic and
ionic stress, can cause water imbalance and nutrient
deficiency, leading to reduced photosynthesis, stomatal
closure, and reduced transpiration rates. Additionally,
plants exposed to salt stress may accumulate excess ROS,
which can damage cell membranes, proteins, and DNA.

However, plants have developed various mechanisms
to cope with salt stress, including osmo-protectants,
antioxidants, and signaling pathways. Understanding the
mechanisms of salt stress tolerance in plants can help
develop strategies to improve crop productivity and
sustainability in saline environments. Furthermore,
research on the impact of salt stress on fiber quality traits
can help identify and develop crops that are more resilient
to salt stress, leading to improved yields and better quality
fibers.

Overall, mitigating the negative effects of salt stress on
plants is critical to ensuring food security and agricultural
sustainability in regions affected by salinity. Therefore,
continued research on the impact of salt stress on plant
growth and development, as well as on physiological and
fiber quality traits, is essential for developing innovative
solutions to tackle this global challenge.
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