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Introduction

HE WATER stress harshly influences the plant growth and development with considerable

reductions in plant growth and biomass accumulates. It declines the number of bolls per
plant, bolls weight, and seed cotton (Gossypium spp.) yield. Fiber length, fiber strength, seed
index and boll weight are reduced dynamically. The relative leaf water contents, transpiration
rate and leaf water potential are decreased while leaf and canopy temperature is increased under
water stress conditions. Limited water availability restricts the total uptake of nutrients, thus
deprecating their concentration in the plant tissues. The major effects of water stress on the
plants are lowered photosynthesis stimulated by reduced leaf expansion, early leaf senescence,
deteriorated photosynthetic machinery and reduction in food production.The Plant accomplishes
escape from moisture stress by shortening its growing season which results in a reduction in
yield. The plants cut down their water spending under water stress conditions by dercreasing the
number and area of leaves to minimize the yield losses. The growth and development of tolerant
genotypes are relatively fast because of retention of more moisture from soil earlier. Genes are
induced by water stress, categorized into regulatory and functional genes; from them, functional
genes produce functional proteins, whereas regulatory genes product regulatory proteins like
transcriptional factors, they control a cluster of genes by regulating the expression of different
targeted genes in their promoter region through specific binding of it with cis-acting elements.
The development of stress-tolerant cotton varieties based on the stability of yield and yield
components under water stress conditions should be the prime focus of breeders.
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decrease the carbon uptake that ultimately lowers

the boll maintenance on the cotton plant (Aujla

Over the years, consumers have raised the demand
for cotton (Gossypium spp) consumption because
it provides natural textile fiber with a considerable
amount of edible oil (Zhang et al., 2017). For
better cotton production, the availability of
required amount of a moisture is necessary
because deficiency of available moisture affects
the photosynthetic rate which will increase or

et al., 2005). As a result maintenance of cotton
bolls on the plant decreases the seed cotton yield.
While the uncertainty in precipitation and awry
increment in temperature extremes in crop growth
period is another chasing problem, which will
ultimately influence the world cotton productivity
(Igbal, 2010; Amin et al., 2018).
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Cotton an overview

Cotton (x= 2n= 26, or n= 13) is grown as a
perennial shrub as well as a tree. It has been
cultivated since the prehistoric times of human
civilization (Azhar & Rehman, 2018). And, it is
also cultivated as an annual crop in tropic and
subtropical areas in the world. Taxonomically,
the cotton plant (Gossypium spp.) belongs to the
Malvaceae family, and it contains (5) allotetraploid
species and more than (45) diploid species (Guan
et al.,, 2014; Wang et al., 2017). These cotton
species are classified into (9) different (genomic)
groups contain as A, B, C, D, E, F, G, K and AD
(Shang et al., 2015). These species are usually
spread all over the diverse geographical areas of
the world (Aslam et al., 2020). Gossypium spp.
can be categorized into the primary gene pool,
secondary gene pool and tertiary gene pool based
on their usage in cotton breeding programs and
their genetic hybridization properties. The primary
gene pool of cotton species includes the (2)
cultivated tetraploid species from the New World
i.e. G. hirsutum L. and G. barbadense L. having
AD genome. While remaining (3) wild tetraploid
species, G.tomentosum, G. mustelinumand G.
darwinii are placed in a secondary gene pool
which including A, B, D and F genomes. The
tertiary gene pool comprises diploid cotton species
having C, E, G and K genomes (Campbell et al.,
2010; Abdurakhmonov, 2013).

Water stress

Water stress occurs when the requirement
for water exceeds the accessible amount during
a specific period or when its utilization becomes
confine due to its low quality. Crop plants are
mostly affected by several abiotic stresses, which
affect their growth and development resulting
in the hindrance of crop productivity (Farooq
et al., 2011; Seki et al., 2003). But it is thought
to be the most destructive abiotic stress, which
hampers its productivity more than any other
abiotic stress (Lambers et al., 2008). Water stress
harshly influences plant growth and development
with considerable reductions in plant growth
and biomass accumulates. The major adverse
consequences of water stress on plant’s growth
are reduced rate of cell expansion, cell division,
leaf size area, the proliferation of roots, elongation
of the stem, fluctuation in stomatal oscillations,
water relations and plant’s nutrients uptake which
ultimately reduced crop productivity and relative
water use efficiency of plants (Farooq et al.,
2009; Shahzad et al., 2016). Climatic fluctuation
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and its representations predicted that drought
frequency and its severity have been increased
under the continuous global environmental change
conditions (Shahzad et al., 2021).

Water stress and cotton plant

Water stress is positioned highest among the
world disasters influencing the substantial number
of plants and individuals every year (Wilhite,
2000; Mishra & Singh, 2010). Water stress occurs
due to unusually dry weather which gives rise to
rigorous hydrological irregularity in a specific
area. It may have distinctive definitions based on
details of precipitation profile, dampness of soil
and probable evapotranspiration or their diverse
combinations (Heim, 2002; Homdee et al., 2016).
Climatic, edaphic and agronomical variables
influence it in different ways. Changing climatic
conditions,especially  decreasing precipitation
and increasing evapotranspiration are caused by
global warming. Consequently, global warming
is expected to cause increased severity and
frequency of drought stress in the future. Globally
it is a restricting variable for plant development
and yield efficiency and is more impairing than
any other abiotic or biotic stress. It is a consistently
developing stress which limits crop efficiency
with more clear impacts in arid and semi-arid
regions (Ghosh & Xu, 2014). Water stress is the
most noteworthy factor, which restricts cotton
production around the globe. Cotton yield and
its fiber quality traits fluctuate according to the
severity and duration of water stress. Water
stress is also known as multidimensional stress
that affects plant growth at different levels of
plant organization. It may affect the plant’s
physiological, morphological and biochemical
processes. The consequences of water stress are
inhibition of plant growth, stomatal closure with
diminished transpiration rate, lower chlorophyll
contents and inhibition of photosynthesis. Thus
water stress is said to be the major limiting factor
to reduce the seed cotton yield around the globe
(Anjum et al., 2011; Rejeb et al., 2016).

Effects of water stress on the cotton crop and seed
cotton yield

Inadequate soil water content throughout the
sensitive growth phases, for example, squaring,
flowering, and fruit setting stageswill lead to the
reduce plant height, decreasein fresh and dry
matter content, the decline in the number of fruiting
branches, number of seeds per boll, seed cotton
yield and other yield-related attributes (Yazar et
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al., 2002). The squaring phase of thecotton plant is
the initial stage for plant architecture development
and any stress at this stage of thecrop may limit the
overall performance of cotton genotypes. Usually,
water stress imposes earliness under stressed
conditions. Earliness slightly reduced in irrigated
conditions because of increasing irrigation
frequency which probably caused encouraging
vegetative growth and delays the reproductive
growth. Delayed squaring with water deficiency
pushed diminished yield. Because delayed fruiting
brought about more root development but didn’t
develop enough drought avoidance for stabilization
of seed cotton yield under water stress (Dumka et
al., 2004).

Water stress on the flowering stage decreases
the overall plant biomas, bolls per plant, seed
weight and seed cotton yield per plant because of
decreasing trends in photosynthesis. While fiber
length, strength and uniformity index decrease
linearly with a decline in leaf water potential,on
the other hand, fiber fineness value was increased
with a decline in leaf water potential (Lokhande
& Reddy, 2014). The imposition of water stress
causes a significant reduction in main stem height
owing to the decrease in intermodal length but
the numbers of nodes per plant do not change
significantly. Similarly, it was reported that a
significant reduction in plant height in crop
plants was due to water deficit stress (Saleem et
al., 2015). A comparison among the water stress
treatments indicated that the maximum reduction
in main stem height was observed when water
stress was imposed at squaring phase.

The adverse after-effects of water stress on
plant growth, development and physiological
phenomena were revealed in terms of reducing
fruit production and seed cotton yield. Plants
under dry spells developed smaller and less
number of bolls as compared to normally-watered
plants. Moreover, boll biomass dissemination and
the number of seeds per boll may also change by
a dry spell (Wang et al., 2016). Seed cotton yield
decreases under water stress due to lessening the
number of bolls per plant (Saleem et al., 2015).
These outcomes are in correspondence to the
preceding findings where decreased cotton lint
yield was associated with more number of cotton
boll abortions which decreases the boll production
under moisture deficits during the reproductive
growth (Pettigrew, 2004), because of increased
levels of abscisic acid under stress condition

(Borel & Simonneau, 2002). Its harvest decreases
due to water shortage during the growing season.
There is a significant interrelationship between
the number of cotton bolls per plant and seed
cotton yield underthe waterstress regime. This
phenomenon suggested that boll retention is an
essential determining factor of crop yield under
water stress conditions (Rahman et al., 2008).
The seed cotton yield and the other yield-related
characteristics differed altogether among cultivars
under watered-stressed conditions. Among cotton
genotypes,significant differences were observed in
boll numbers per plant, boll retention percentage
and lint yield for two contrasting water treatments.
There was a positive association in reducing boll
retention, with a decline in yield with the water-
stressed treatment (Bolek, 2007).

The lower water application level had a
significantly negative impact on the number of
buds, bolls, total dry weight and seed cotton
production when compared with normal water
application levels. The reduced water application
level brought about a harvest before ten days.
Seed quality was better in seeds from the lower
water application system than in those from the
normal water application level. Although the
yield of cotton cultivars was higher under normal
water application, but seed quality was lower as
compared to lower water application levels (Zaxos
et al., 2012). Under various irrigation levels, six
cotton cultivars were assessed by Igbal et al.,
(2011) to determined irrigation impacts on the
distribution of bolls and seed cotton yield. With
more irrigations, all genotypes increased boll
formation on higher sympodial branches. Late
maturing genotypes produced more bolls at the
upper portion oftheplant; on the other hand, early
maturing genotypes produced more bolls at the
lower portion of the plant. With the increase in
irrigation level, fiber fineness was also increased
and also with a decrease in irrigation level the
fiber fineness was also reduced. The findings
proposed that with an increased in irrigation level
the genotypes adjust for yield differently, and
the decision for a particular genotype should be
considered for boll distribution and its potential
impact on fiber fineness concerning natural and
management factors. Under irrigation conditions,
it increases plant height, vegetative biomass, fiber
yield, lint quality and reduced canopy temperature
as compared to dryland cotton (Wiggins et al.,
2014). While water stress declined number of
bolls, bolls weight, and seed cotton yield. It was

Egypt. J. Agron. 43, No. 3 (2021)



310 MASHAL REHMAN et al.

presumed that water stress diminished the yield by
bringing down the number of bolls. The number
of bolls per plant was less in water-constrained
conditions than that in all around well-watered
conditions (Ali & Ahmadikhah, 2009).

Effects of water stress on fiber yield and fiber
quality traits

The amount and nature of the fiber produced on
the cotton plant are directly associated with water
accessibility amid the various phonological periods
of advancement. Hereditarily identical cotton plant
populaces, when submitted to water shortfalls,
indicate decreases in yield of up to 50 percent as
contrasted with those that have been well-irrigated,
particularly when the stress is induced amid the
period between flowering and boll forming stage
(Saranga et al., 2004). Cotton fiber yield generally
decreased as a result of diminished boll production,
mainly due to less flowering and due to more boll
abortions when the water stress is outrageous
during the reproductive phase of growth (Wang et
al., 2016). Drought stress decreased the lint yield
of plants under stress conditions by about 25 %,
because of a 19 % decline in the number of bolls
(Pettigrew, 2004).

Mid-early and mid-late genotypes were more
influenced by moisture deficit stress than early
genotypes. Developing cotton under water-
stressed conditions brought about the creation
of weaker and shorter fibers. Lint properties of
genotypes were incoherently influenced by water-
stressed and inundated conditions, demonstrating
unpredictability inherent in cotton fiber (Auge
et al., 2001). Fiber length, fiber strength, seed
index and boll weight are reduced dynamically
with diminishing water accessibility. While no
predictable impacts of a dry spell on fiber fineness
were observed (Wang et al., 2016).

By increasing the irrigation frequency as
compared to water stress fiber length and fiber
strength increased eight percent but fiber fineness
was decreased ten percent. Fiber length, fiber
strength and fiber fineness value demonstrated
significant differences with water availability
(Attia & Rajan, 2016). The more irrigation water
also produces the more fiber yield.Moisture
deficit stress had not any impact on fiber yield
but it increased the fiber fineness and decreased
the fiber length value. Under deficit irrigation
and high plant density, the seed cotton yield was
higher due to more plant biomass with a high plant
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population and more harvest index. Finally, the
results concluded that under water deficit stress or
arid conditions, the use of high plant density is the
best alternative without compromising on cotton
seed yield (Zhang et al., 2017).

Effects of water stress on plant’s mechanisms

Water stress effects appear in plants at any
phonological stages of their growth. These effects
are more prominent at various morphological,
physiological and molecular levels. The first sign
of water stress is reduced germination along with
poor stand establishment. It retards germination
as well as seedling stand. Reduced turgor pressure
is the most sensitive physiological process which
affects cell growth. Cell division, cell expansion
and elongation are mostly restricted by water stress
subsequently resulting in abridged leaf size, plant
height and crop growth.Plant’s water relations are
mostly influenced by various characteristics i.e.
leaf water potential, transpiration rate, relative
water content, stomatal resistance, canopy and
leaf temperature. At the initial stages of cotton
leaf development, leaves have high relative
water content which gradually decreases with
the maturity of leaf and dry matter accumulates.
The cotton stressed plants have lower relative
water content as compared to non-stressed plants.
When the plants are exposed to water stress their
relative leaf water contents, transpiration rate and
leaf water potential become decrease while its leaf
and canopy temperature increase (Siddique et al.,
2016).

Underwater stress conditions limited water
availability restricts the total uptake of nutrients,
thus deprecating their concentration in the tissues
of crop plants. Water scarcity badly affects the
nutrients uptake and their transportation from roots
to various parts of the shoot. Interrupted uptake of
nutrients, unloading mechanism and reduced flow of
transpiration all lowers the absorption of inorganic
nutrients (Jalota, 2006). Different plant species and
even different genotypes belonging to a species
respond contrarily to the uptake of minerals under
moisture stress. The major effects of water stress
on the plant are lowered photosynthesis stimulated
by reduced leaf expansion, early leaf senescence,
deteriorated photosynthetic machinery and lessen
food production. Underwater stress conditions,
the pigments and components of photosynthesis
(Siddique et al., 2016) are altered which eventually
harms the photosynthetic apparatus (Egilla et al.,
2005) and lessening enzymatic activities which
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involved in the Calvin cycle, consequentially
diminished crop yield (Noctor et al., 2002). For
seed development transportation of assimilates
is necessary towards the reproductive sink. Seed
setting and its filling is mostly restricted due
to limited assimilation either in source or sink
(Shahzad et al., 2016). Water stress limits the
size of tissues of the source as well as sinks. It
also impairs the phloem loading, translocation of
assimilates andpartitioning of dry matter contents.
On the other hand, water stress effects are different
in various plant species according to the phase of
plant development, severity and time duration of
water stress. Water stress tolerance is accomplished
at the cost of the huge aggregate of energy
which makes it a cost rigorous phenomenon.
The efficiency of plant metabolic mechanisms is
determined by the loss of carbohydrates through
respiration. Water stress in the root zone area
increases the respiration rate of roots, interrupts
the carbon resources consumption balance and
lessens adenosine triphosphate productivity and
increments reactive oxygen species generation
(ROS). They are produced in plants when plants
are exposed to any environmental stress. ROS
comprises alkoxy radicals, hydroxyl radicals,
superoxide anion radicals, singlet oxygen and
hydrogen peroxide. ROS reacts with lipids,
proteins, and deoxyribonucleic acid bringing
about oxidative impairment to cells by impeding
its casual functions (Gill & Tuteja, 2010; Das &
Roychoudhury, 2014; Choudhury et al., 2017).

Drought tolerance mechanism

A plant’s ability to survive better and minimize
the yield losses due to deficiency of water in the
soil is known as drought resistance (Wimalasekera,
2016). More than a few morphological,
physiological and molecular responses are
encouraged in plants which empower them to
better survive under such critical stress conditions
(Igbal et al., 2013).

Morphological mechanism

Plants deal with moisture stress by shortening
the growing season as a result they complete their
life cycle early before the onset of the water stress
period. Flowering time is the most vital character
that is linked with water stress adjustment and
adaptations because it reduces the life cycle of the
plant as a result leading it to prevent deadly drought
effects (Araus et al., 2002). However, the crop yield
under favorable environments is associated with
the duration of crop length and any kind of decline

in the length of crop duration will diminish yield.

Water stress avoidance mechanisms decrease
the loss of water from the plant by a typical
mechanism which includes uptake of adequate
amount of water from the soil with the help of
extensive, deep and prolific root system and it
also controls the transpiration rate from the leaves
(Kavar et al., 2008). Several root parameters
i.e. root length, root density and biomass are the
functional attributes for water stress avoidance
and they also take part towards conclusive yield
under terminal water stress conditions (Igbal et al.,
2011). A dense and deep root system helps the plant
to extract water from the depth of soil (Kavar et
al., 2008). While water stress-tolerant genotypes
maintain the number of sympodial branches per
plant, boll weight, plant height and seed cotton yield
with a minute difference when contrasted with the
controlled condition. It was additionally watched
that water deficit stress altogether diminished the
plant growth, yield and leaves water content. The
growth and development of tolerant genotypes
were relatively fast because of the retention of
more moisture from soil earlier and leaving the
soil slightly drier for others in this manner kept up
the drought avoidance mechanism (Soomro et al.,
2011). Plants show phenotypic adaptability under
water stress. At the morphological level, the most
influenced organs are the plant roots and shoots as
both of these are key components for adjustment of
plant functioning under water shortage conditions.
Plants cut down their water spending under water
stress conditions by decreasing number and area of
leaves to minimize the yield losses (Homdee et al.,
2016). Root growth, size, density and proliferation
showed strategic response towards the water stress
because obtaining water from the soil is get aceived
through the root (Kavar et al., 2008; Rejeb et al.,
2016).

Physiological mechanisms

The physiological tolerance mechanism of
plants includes osmotic adjustments, Osmo-
protectants, anti-oxidants and reactive oxygen
species production which impart stress tolerance
to the plant. The physiological basis of hereditary
variation due to water scarcity is still indistinct as
more complex mechanisms are suggested. In the
mechanism of osmotic adjustment, cells reduce
their osmotic potential as a result gradient for
water influx is increased and it maintains the turgor
pressure for the sake of conserving cell and tissue
water contents. Immense cell water status can be
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gained through adjustment of osmotic potential
or by changing the elasticity of the cell wall that
will stabilize the physiological activity of the
cell, if water stress will occur for a longer period
(Kudoyarova et al., 2013). Cell’s water balance is
maintained through adjustment of osmotic potential
by the accumulation of solutes inside the cytoplasm
thus reducing harmful effects of moisture stress.

The antioxidant defense mechanism of crop
plants contains enzymatic as well as non-enzymatic
components. The enzymatic components of the
antioxidant defense mechanism include catalase,
glutathione reductase, dehydroascorbate reductase,
ascorbate peroxidase, guaiacol peroxidase and
monodehydroascorbate reductase (Sharma et al,
2012) While on the other hand, non-enzymatic
components involve reduced glutathione, ascorbic
acid, a-tocopherol, carotenoids, flavonoids
osmolytes and proline (Gill & Tuteja, 2010; Das &
Roychoudhury, 2014).

The first target sight of abiotic stress is the
biological membranes. It is understood that under
moisture stress conditions, stability maintenance
and membrane’s integrity is an essential component
of water stress tolerance mechanism. Stability of
cell membrane is correlated to cell membrane’s
injury and it is said to be physiological index, this
phenomenon is utilized to evaluate water stress
tolerance (Gerik et al., 1996). In segments of leaves,
membrane stability is the most vital character to
evaluate the germplasm for water stress tolerance
(Hetherington & Woodward, 2003; Dhanda et al.,
2004).

Molecular mechanisms

When soil’s water contents become reduced,
plants suffered from high water stress. The
expression of genes may perhaps be altered under
such stress conditions (Chen et al., 2017). Gene’s
expressions might be stimulated directly by stimuli
of water stress or it may be indirectly influenced
by injury response or secondary stresses. It is
assumed that water stress tolerance is a complex
phenomenon that contains severalgenes with
rigorous activity (Cattivelli et al., 2008). With the
use of micro-array technology, it is identified that
the genes which are induced by water stress can be
categorized into regulatory and functional genes;
this categorization is based on the functioning of
their products (Zhu, 2002). Functional proteins
are produced by functional genes, these functional
proteins include enzymes and membrane proteins,

Egypt. J. Agron. 43, No. 3 (2021)

late embryogenesis abundant (LEA) proteins,
antifreeze proteins, molecular chaperones and
vital enzymes for osmolytes biosynthesis and also
detoxification enzymes i.e. betaines and proline.
While membrane transporters and water channel
proteins are directly linked with the protection
of plants from adverse effects of environmental
stresses (Akhtar et al., 2012), whereas regulatory
proteins are produced by regulatory genes like
transcriptional factors (Zhou et al., 2010).

Transcriptional factors are known to be the
“master regulators” because they control a cluster
of genes by regulating the expression of different
targeted genes in their promoter region through
specific binding of it with cis-acting elements.
More than one target gene is under the control of
a single transcription factor. This type of regulation
of transcriptional factor is termed as “regulon”.
Transcription factors are categorized into different
groups based on the number of sequences and
structure of DNA binding domains. Large families
of transcription factors are NAC, MYC, bZIP,
MYB, WRKY, Cys2His2, AP2/ERF and Zinc
Finger (Qin et al., 2008).

Conclusion

Crop plants are mostly affected by several abiotic
stresses, which affect their growth and development
resulting in the hindrance of crop productivity.
Water stress is also known as multidimensional
stress that affects plant growth at different levels
of plant organization. It may affect the plant’s
physiological, morphological and biochemical
processes. The consequences of water stress are
inhibition of plant growth, stomatal closure with
diminished transpiration rate, lower chlorophyll
contents and inhibition of photosynthesis. The early
growth stages of the cotton plant are more critical
regarding its survival. Growth and development
of tolerant genotypes was relatively fast because
of retention of more moisture from soil earlier
and leaving the soil slightly drier for others in this
manner kept up the drought avoidance mechanism.
For increasing global cotton production it is
essential to evolve the seed cotton varieties which
will sustain their yield as well as quality under
water stress conditions.
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