
Bulletin of Biological and Allied Sciences Research 
 ISSN: 2521-0092 

www.bbasr.org 

DOI: https://doi.org/10.54112/bbasr.v2022i1.22 

Bull. Biol. All. Sci. Res., Volume, 7: 22 

 

1 
 

BBASR 

 Review Article 

AN OVERVEW OF BREEDING FOR DROUGHT STRESS TOLERANCE IN COTTON 

MALIK A, RASHEED MU 

Department of Plant Breeding and Genetics, University of the Punjab, Lahore, Pakistan 

*Correspondence author email address: aimanmalik0766@gmail.com  

 (Received, 4th January 2022, Revised 27th December 2022, Published 28th December 2022)  

Abstract: Drought is a main non-living factor that causes severe crop yield loss globally. Given the strengthening 

and reappearance of drought events and their impacts, it's important to deepen our understanding as a key to 

subsidizing mechanisms for drought training and mitigation plans. Pakistan is ranked maximum of the top 5 biggest 

cotton manufacturers, the seventh largest material producer international, and cotton contributes 10% to the 

country-wide GDP compared to the overall agriculture area GDP percentage of 18.9%. Cotton farming performs a 

tremendous role in presenting direct livelihood to 11 million farmers. The cotton crop, in particular, is confined to 

northern, imperative, and southern zones, with approximately 90 in keeping with cent of the area coming beneath 3 

zones. Regardless of this, its cumulative, not apparent impact and multidimensional nature significantly impact the 

cotton plant’s morphological, physiological, biochemical, and molecular attributes with a detrimental impact on 

photosynthetic capability. Dealing with water scarcity, plants evolve various complicated resistance and edition 

mechanisms, including physiological and biochemical responses, which range with species stage. The sophisticated 

adaptation mechanisms and regularity community that improve the water stress tolerance and version in plants are 

briefly discussed. Growth pattern and structural dynamics, reduction in transpiration loss via altering stomatal 

conductance and distribution, leaf rolling, root-to-shoot ratio dynamics, root duration increment, accumulation of 

like-minded solutes, enhancement in transpiration performance, osmotic and hormonal regulation, and behind-

schedule senescence are the techniques that are followed using cotton plant life underneath water deficit. 

Approaches for drought stress resistance we develop transgenic cotton plants which which can tolerate drought 

stress to improve cotton quality with good yield. 
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Introduction  

With the worldwide weather alternate and sturdy 

water demand for the improvement of destiny 

sustainable agriculture, drought is turning into one of 

the foremost abiotic stresses that seriously outcomes 

in decreased increase and crop yield loss (FAO, 

2018). Drought can set off a complicated array of  

flower responses, including decreased turgor stress 

and photosynthesis prices, stomatal closure, and 

adjusted leaf gas change (Farooq et al., 2012).  Plants 

have developed huge physio- biochemical, cell, and 

molecular versions of drought strains to complete 

their lifecycle (Naseem et al., 2020; Yamaguchi-

Shinozaki and Shinozaki, 2006). Previous reviews 

have documented the one-of-a-kind plant's drought-

responsive genes and essential mechanisms (Balqees 

et al., 2020; Li et al., 2017; Mittal et al., 2014; Xu et 

al., 2018). However, the underlying molecular 

mechanisms responding to drought strain are poorly 

elucidated. Mining the key genes 

to increase drought-resistant varieties is still a cost-

effective and green technique for drought-resistant 

breeding. Drought can weaken meal protection and 

contributes to rural flight and migration, mainly in 

developing countries. Semiarid regions constitute 

approximately 15% of the globe and encompass 

approximately 15% of the global population (Idrees 

et al., 2022; Safriel et al., 2005; Zahoor et al., 2022). 

Agricultural production in those regions, 

characterized in big elements with rainfed systems, is 

exceedingly imposed to weather trade (Porter et al., 

2014; Schwinning et al., 2004). additionally, the 

future conditions of improved temperature and 

reduced precipitation in these regions may cause 

important screw-ups (Dai, 2013; Huang et al., 2016; 

Iqra et al., 2020). In Brazil, weather exchange can 

also affect agricultural income, meals safety, and, 

consequently, the neighborhood economy, 

particularly within the Brazilian Semiarid region 

(BSR) (Marengo et al., 2019), located in the 

Northeast. The BSR, which focuses maximum on the 

poorest population, is the most susceptible to the 
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consequences of droughts (Marengo et al., 2017). 

The recurrence of extreme droughts negatively 

affects the growth of flowers, lowering their 

productiveness, and contributing to land degradation, 

particularly on arid and semi-arid lands (Mariano et 

al., 2018; Tomasella et al., 2018; Vicente-Serrano et 

al., 2015).  

Cotton 

Cotton is one of the widespread fibre and gold mine 

crops of India and plays a critical position in the 

cotton industrial and agricultural financial system, 

which provides employment to about eleven million 

farmers and circuitously about forty-50 million 

humans are employed in numerous ranges of 

processing and alternate of cotton and its 

prototypical(MURALI and KHAN, 2022; Rafi et al., 

2022). Cotton is considered as ‘White gold’ being 

cultivated by the archaic and principal producer, 

patron and exporter of cotton globally (Atif et al., 

2022; Dupdal and Patil, 2018; Fatima et al., 2022a; 

Fatima et al., 2022b; Masood et al., 2022). In India, 

cotton is cultivated on 12.90 million hectares, 

constituting forty-one per cent of the world's 

location. In addition, at some point in 2019-20, the 

cotton area reached a new report of 13.40 million ha 

with 361 lakh bales manufacturing (one hundred 

seventy kgs in step with bale). 

Cotton manufacturing and Pakistan illustration 

The observation uses Pakistan’s cotton 

manufacturing as a standard case to research 

production elements from far nearer input issues and 

performance courting attitude to symbolize the non-

meals crop in a developing united states perspective 

for the following motives (Arshad et al., 2022). First, 

Pakistan is ranked among the top 5 largest cotton 

producers, the seventh largest cloth producer 

worldwide. Cotton contributes 10% to the country-

wide GDP compared to the general agriculture 

quarter GDP percentage of 18.9% (Azumah et al., 

2019). This area also contributes to 42.3% of the 

hard work pressure with employment. It gives the 

raw substances for lots of fee-delivered sectors 

(Sohaib and Jamil, 2017), with 55% of the overseas 

profits contribution, a proportion majorly ruled by 

using cotton-based finished products (Arshad et al., 

2021). Due to the fact Pakistan is a growing us of a 

those states reputedly prefer the export; in 

comparison, Pakistan has been uploading raw cotton 

for decades. Absolutely, Pakistan has not been 

exporting uncooked cotton  scince 2010, it is the 

fourth united states that end up finishing stalk 

(USDA cotton outlook 2019). Second, the main 

reason for increasing the import of uncooked cotton 

is that Pakistan’s cotton yield per hectare has had a 

step-by-step reducing trend over time, and the 

numbers are a few of the lowest within the world; 

even the nations which have a miles smaller 

geographic area have a higher yield according to 

hectare than Pakistan (Arshad et al., 2022). On 

average, the yield of cotton in Pakistan is 730 kg/ha 

with 10,671 million bales, that's 1.5–2% decrease 

than to the relaxation of the world, or even irrigated 

areas of the countries are lagging in phrases of lint 

per hectare from the rain-fed cotton-developing areas 

of the arena. As a result, cotton cultivation has 

emerged as less attractive than developing different 

plants, which ends up minimizing the vicinity of 

cotton vegetation (international textile information 

document 2017, USDA monetary survey of Pakistan 

(2019–2020). it is real that the area of cotton crops 

has been declining in Pakistan due to the fact 2004–

2005; unluckily, this situation has been irritated  

since 2013–2014, and through the continued year, 

14.2 percentage sowing area of the crop had 

decreased (Nadeem et al., 2014). Earlier than 2014–

2015, it became 2.902 million hectares, whilst 

presently 2.489 million hectares of cotton are 

cultivated in Pakistan.  Third, this low productivity 

of Pakistan’s cotton crop in particular consequences 

from inefficient use of a couple of elements related 

to irrigation water, plant populace, disorder safety, 

plant nutrients, useful resource management 

competencies, and insufficient era, resulting in an 

opening among potential production and real 

production (agriculture statistics of Pakistan (2019). 

however, as a general trend, Pakistan farmers are 

looking to treat this low yield per hectare via 

traditional practices, along with increasing the use of 

crop inputs (intensification) or bringing new lands 

into manufacturing (extensification), which results in 

continuously deteriorating of the rural ecological 

environment. Such practices lessen the monetary 

impact of agriculture and damage the sources and 

environment on which agriculture depends for 

survival and development (Chen and Breedlove, 

2020). 

 
Figure 1 Effects of Drought on cotton 

Effects of drought on cotton: Cotton (Gossypium 

hirsutum L.) is  considered a main cash crop in the 

arena, with a major contribution from China, 

America, India, Pakistan and  Brazil (Meyer, 2019). 
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Climate trade has threatened global agriculture 

because of the severity of biotic and abiotic stresses. 

Principal threats to cotton manufacturing in China, 

India, America, Pakistan, Brazil and different 

tropical regions include much less availability of 

irrigation water, exchange in frequency and depth of 

rainfall, drought and heat spells and salinization 

(Ton, 2011). Cotton has an indeterminate boom 

addiction and is susceptible to environmental 

anomalies (Rehman and Farooq, 2019). Being a crop 

of tropical and subtropical areas, cotton is 

moderately tolerant to drought strain specially for 

vegetative increase, but its reproductive increase is 

surprisingly sensitive to drought pressure(Iqbal et al., 

2017; Niu et al., 2018; Wang et al., 2016). Drought 

is the maximum essential abiotic stress, and ~20% of 

the worldwide land area is dealing with moderate to 

excessive drought(Barichivich et al., 2019), that's 

projected to increase in the future.  As cotton is a 

crop of tropical and sub-tropical weather (regions 

which can be more at risk of drought strain), its 

production is threatened by lengthy dry spells in the 

destiny (Meyer, 2019).To plot an approach to 

decrease the outcomes of drought stress on fibre 

production (cotton is a fibre crop), it's vital to 

understand the impact of drought on fibre 

improvement and yield. The major effects of drought 

are shown in  Error! Reference source not found. 

Irrigation required 

Generally, cotton growth and development are 

divided into 5 ranges with appreciation to irrigation 

requirements, i.e., planting to emergence, emergence 

to first development, first square to the first flower, 

the first flower to height bloom and peak bloom first 

to boll open(Bauer et al., 2012). At planting time, 

irrigation is essential for crop germination and 

establishment. From emergence to the first square, 

drought strain has little impact on yield, or even mild 

drought stress is useful to sell root growth (Bauer et 

al., 2012; Zonta et al., 2017). The subsequent two 

levels, i.e., first rectangular to first flower and first 

flower to peak bloom, are the most sensitive degrees 

to abiotic stresses, specifically drought and heat 

strain. At these stages, drought stress impacts the 

development of fruiting websites and motive 

abortion of the current fruiting structure and, as a 

result, causes reduced yield. (Bauer et al., 2012; 

Iqbal et al., 2017; Snowden et al., 2014; Zonta et al., 

2017). At the ultimate stage, i.e., top bloom to first 

boll open, crop water requirement is reduced, and 

slight drought pressure has highly less effect on 

yield, however it impacts fiber characteristics(Bauer 

et al., 2012; Hussain et al., 2020; Snowden et al., 

2014). Moisture pressure adversely has effects fibre 

duration, power and micronaire price, where the 

effect located extra stated on top fruiting branches 

than decreased ones (Wang et al., 2016). The 

availability of enough water is essential in any 

respect fiber developmental degrees for higher fibre 

yield and great (Rehman and Farooq, 2019; Zou et 

al., 2016) cause abnormality in photosynthesis, 

stomatal conductance, ATP synthesis carbohydrate 

cycle and translocation disturb the biomass limited 

water supply throughout the reproductive level 

influences the pollen feature because of decreased 

activities of starch synthesis enzymes, 

downregulation of sucrose synthase and invertase 

gene, curtailed starch accumulation in pistils result in 

negative pollen tube boom, instigating reproductive 

failure(Zou et al., 2016), poor fibre yield and quality 

of cotton 

Mechanism Of Drought Tolerance 

Various accommodative mechanisms that make 

plants more tolerant to the unfavourable effects of 

drought stress have been developed through 

development (Batool et al., 2020). Stress avoidance, 

escape, and tolerance are the three important 

schemes that plants use when unmasking drought 

pressure. Consequently, flora comments to drought 

pressure vary from the molecular to plant level 

(Galindo et al., 2018). The mechanisms of the plant 

getaway, avoidance and tolerance towards drought 

pressure are discussed in the following sections. 

Escape 

To get away the unfavorable outcomes of drought 

pressure on plant productiveness, a few florae make 

use of mechanisms regarding speedy plant 

development and shortening of the lifestyles cycle, 

self-reproduction, and seasonal boom earlier than the 

start of the driest part of the year (Álvarez et al., 

2018). among these mechanisms, early flowering is 

perhaps the pleasant possible break out adaptive 

mechanism in plant life (Tekle and Alemu, 2016), 

although this mechanism can mean a big reduction 

within the period of the plant growing period and the 

final plant productivity in a few instances.  

Avoidance  

beneath the avoidance strategy, plant water ability is 

maintained high through a reduction within the 

stomatal transpiration losses and the increase of 

water uptake from nicely established root 

structures(Dobra et al., 2010). but, overdevelopment 

of those systems has a price for the plant in terms of 

discounts in plant productivity and reduced average 

size of vegetative and reproductive elements of the 

plant (Wasaya et al., 2018).   

Tolerance 

An adaptive tolerance mechanism on the 

photosynthetic machinery stage includes discounts 

inside the plant leaf region and boundaries in the 

enlargement of new leaves. similarly, trichomes 

manufacturing on both facet of the leaves are 

exomorphic attributes that permit the plant to tolerate 

water deficits in dry environments (Zhang et al., 

2019). Those structures lessen the leaf temperature 

via increasing the rate of mild reflection in the leaf 

and additionally by including any other extra layer of 

resistance to the water loss. therefore the fee of water 

loss thru leaf transpiration is decreased (Tiwari et al., 

2021). However, it is widely familiar that 
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adjustments inside the root machine, including root 

size, density, period, proliferation, expansion and 

growth rate, represent the primary strategy for 

drought-tolerant plant life to manage against water 

deficits (Tzortzakis et al., 2020).  

Alleviate the drought stress to reduce the cotton 

yield loss 

 
Figure 2 How to improve the effects of drought 

stress 

Drought Stress can be minimized by following step 

as shown in Error! Reference source not found..  

Methods for improvement 

Conventional breeding 

Interspecific populations derived from crossings 

between G. hirsutum and G. barbadense explain the 

conventional trouble of limited genetic range in 

Upland cotton genetic and QTL mapping in the early 

days. Those two grown species are searched for 

exclusive trends further to supply the DNA-degree 

polymorphism required for genetic map creation. As 

previously said, G. hirsutum breeding has confused 

maximal output and extensive adaptability, whereas 

G. barbadense breeding emphasisesfibre first-class. 

As a result, most genetic mapping (Reinisch et al., 

1994; Wang et al., 2015) and molecular quantitative 

genetic research of fibre properties have used 

populations derived from interspecific hybridization 

related to wild and domesticated forms of G. 

barbadense crossed with Upland cotton. QTLs for 

several fibre nice variables mapped in cotton have 

been summarized using Chee and Campbell 

(Campbell, 2021). A few important QTLs for fibre 

duration, energy, and fineness have now been found, 

and several were verified(Cao et al., 2015). This 

information offers cotton growers greater options to 

enhance positive fibre features in upland cotton by 

introducing genes from G. barbadense with 

minimum disruption to the favourable allelic 

combinations developed over a century of selective 

choice. Inbred backcross populations generated from 

crossing Upland types with the allotetraploid species 

G. barbadense, G. tomentose, and G. musteline were 

evolved as a part of a collaborative attempt to 

minimize Upland cotton’s genetic susceptibility 

(Paterson et al., 2004). Inbred backcrossing became 

used to reduce reproductive limitations due to 

interspecific introgression between those 

species(Baohua and Peng, 2010; Tanksley and 

Nelson, 1996). one could study very tiny portions of 

introjected DNA for agronomic or fibre exceptional 

overall performance and examine them for QTLs by 

way of establishing a complete set of close to 

Isogenic Introgression strains from the BC2 or BC3 

families. Because recombination and segregation 

have split the donor genome into smaller 

components, the hobby of specific genetic loci can 

be more surely described than in preceding 

generations. Rong, Feltus, Waghmare, Pierce, Chee, 

Draye, Saranga, Wright, Wilkins and may (Rong et 

al., 2007) said the alignment of 432 fiber QTLs 

recognized in 10 interspecific G. hirsutum by way of 

G. barbadense populations right into a consensus 

map, presenting further records on the genetic 

dissection of each of the fiber residences. 

Non-Conventional Breeding 

Molecular markers are very useful for molecular 

characterization and identity of genetic variants and 

have been used in marker-assisted choice (MAS) and 

genome fingerprinting(Kalia et al., 2011; Munir et 

al., 2022). molecular markers are vital in genomics 

studies  that they may or might not link with the 

phenotypic expression of a man or woman in an 

organism(Agarwal et al., 2008). In cotton genomes, 

the maximum crucial molecular markers are 

polymerase chain response (PCR)-primarily based 

markers because of their high effectiveness and 

utilization, which include inter simple collection 

repeats (ISSRs)(Ahmad et al., 2021; Pradeep Reddy 

et al., 2002), amplified fragment period 

polymorphism (AFLP)(Abdalla et al., 2001; Álvarez 

and Wendel, 2006), simple sequence repeats (SSRs) 

(Zhou et al., 2014) and random amplified 

polymorphic DNA (RAPD) some of the genomic 

assets, there are approximately 16 162 SSRs and 312 

mapped cotton RFLP sequences to be had publicly. 

The RFLP, SSR, AFLP, AFLP and RAPD markers 

were applied in distinct mapping populations to 

increase linkage maps. It has been reported that the 

identity of DNA markers is related to over 29 

important developments, such as fibre first-class and 

yield, leaf and flower morphology, trichomes density 

and distribution, and ailment resistance (Farooq et 

al., 2021; Shaheen et al., 2012; Tahir et al., 2020). 

Conclusion 

Drought stress affects the production of cotton 

vegetative, reproductive, and fiber quality and causes 

low yield that’s why we adopted the best method to 

alleviate the drought stress and developed a good 

variety of cotton by best management practices like 

sowing life, plant genotype, soil, nutrients, the best 

transgenic plant, improve water extraction 

efficiency, effective method of irrigation use, plants 
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inoculated with a certain microorganism that 

enhance drought tolerance.  
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