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ABSTRACT In a completely randomized design, the study assessed 40 different cotton genotypes at the seedling stage
under three different moisture levels, 100%, 75%, and 50% of field capacity, in triplicate under a split-plot. Principal
component analysis was used to examine the data and choose genotypes that were sensitive to and tolerant of drought.
Under three moisture levels, the first three principal components showed more than one eigenvalue. In 100%, 75%, and
50% of field capacity, respectively, the first two principal components (F1 and F2) contributed 49.65%, 56.73%, and
65.99% cumulative variability. The best selection markers under conditions of water deficit at the seedling stage were
found to be RFW, SDW, RL, SFW, RWC, LRN, and ELWL. At 100% of field capacity, the genotypes IUB-212, IR-
3701, NS-121, VH-295, FH-142, VH-144, AA-802, FH-113, NIAB-111, and IR-3 performed better and were shown to
be drought tolerant; at 75% of field capacity, the genotypes IUB-212, VH-295, VH-144, NIAB-111, IR-3701, and NS-
121 performed better and were proven to be drought tolerant. VH-295, 1UB-212, and VVH-144 were better performers

while FH-1000 and CIM-443 were poor performers at all three moisture conditions.
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INTRODUCTION Global greenhouse effects enhance the
likelihood of short-term high climate stress to agriculture, and
drought is one of the primary abiotic stresses affecting crop
development and output(Bahrami, Arzani, & Karimi, 2014;
Zhang, Xu, Sun, Zhang, & Li, 2018). It was grown on 31.42
million hectares in 2020-21, producing an average of 773 kg
ha 1 globally, or 111.48 million 480Ib bales (USDA, 2022).
Drought has been occurring more frequently in China's cotton
zones since the 1980s, which has severely reduced the
country's overall cotton crop. The drought has turn into the
longest stress of the cotton growing season. As such, it is
imperative to investigate the drought-resistant characteristics
of cotton, analyze various genotypes' drought resistance fairly,
then screen cotton for drought resistance indices, which act as
a guide for figuring out how resistant cotton is to drought.

It is crucial to comprehend the mechanism and behavior of
the plant during water scarcity conditions in order to develop
resistance to it. Plants go through several developmental
stages, including morphological, physiological, biochemical,
anatomical, and molecular ones, to prepare themselves for the
conditions of water scarcity. The process of drought tolerance
in plants is intricate, both at the cellular and molecular levels
and throughout the entire body. A number of factors, including

the types of crops grown, the severity and duration of the
stresses they face, and the phases at which the plants develop,
add to the complexity of drought-tolerant systems (Bakht et
al., 2020). Plants can withstand drought by adopting multiple
tolerance strategies that work at once. A plant can become
used to dealing with three primary mechanisms when there is
a water deficit. (i) Resistance mechanism; (ii) avoidance or
tolerance; and (iii) escape. The plant uses the first mechanism
to finish its life cycles before there is a water deficit. In the
second process, a plant closes its stomatal opening and reduces
transpiration rates in response to a reduced water supply. In
the third mechanism, plants create antioxidants at the cell level
to sustain osmotic adjustments and at the tissue level to combat
conditions of water deficit (Singh, Rajkumar, & Kumar,
2021).

In recent years, evaluation markers of cotton drought
resilience have been presented in a number of research papers.
As an example, (Feng et al., 2011) proved that indicators for
drought resistance in cotton seedlings could be identified
using, betaine, chlorophyll levels, soluble sugar, superoxide
dismutase, proline (Pro), and peroxidase activity.(Chen et al.,
2012) found that the primary and obvious indicators of colored
cotton's tolerance to drought are the number of leaves, weight
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of bolls per plant, and number of bolls per plant (Shi et al.,
2013).

Many unique morphological (leaf, stem, and root development
parameters) and physiological (more than thirty features) traits
have been suggested as critical selection factors in relation to
drought tolerance in cotton (Loka, Oosterhuis, & Ritchie,
2011). However, there hasn't been any persistent positive
correlation found between drought tolerance and any of the
aforementioned physiological features (Loka et al., 2011).
Considering the challenges in determining which
physiological parameter serves as a valid predictor of yield in
drought conditions, it has been proposed that vyield
performance in a variety of situations should serve as the main
indicator of drought resistance (Voltas, Lopez-Corcoles, &
Borras, 2005). There have been reports of certain
morphological characteristics of seedlings that are significant
for cotton’s ability to withstand water stress (Riaz et al., 2013).
These characteristics include lateral root density, root/shoot
ratio, seedling vigor, taproot mass, and root/development
speed. Based on the traits of the seedlings, cotton genotypes
are chosen in an informal, affordable, and hassle-free manner.
Similarly, the characteristics of the seedlings showed
moderate to high variation, with additive genetic impacts on
the surroundings (Rahman, Shaheen, Rahman, & Malik,
2000). Therefore, the current experiment was carried out to
choose forty various cotton accessions for drought tolerance
based on the performance of seedlings traits under three
moisture levels, taking into account the current climate change
condition. In order to meet the nation's needs for cotton
production, this will provide a source of drought-tolerant soil
for dry land agriculture in semiarid and rain-fed locations.

MATERIAL AND METHODS

Plant Material and Experimentation Site

A total of 40 cotton genotypes gathered from several research
organizations were planted in polythene bags packed with pH
7.8 sandy loam soil having an EC of 1.7 dSm-1. Before
seeding, all lines and varieties of seeds were soaked for a
whole night. The next morning, holes were drilled at a depth
of 2.5 cm in polythene bags. There were two seeds put in every
hole. Throughout germination and growth, the glasshouse's
temperature and humidity were kept at 35°C with the help of
electric heaters and hot water circulating through pipes. The
plants were exposed to sixteen hours of photoperiod, which
consisted of both artificial and natural lighting. Following two
weeks of sowing, one plant per bag was trimmed, and each bag
received 0.25 g of urea (46 percent nitrogen) every fourteen
days. For protection from pest attacks (chewing and sucking),
plants were treated when necessary and received daily
irrigations. Based on the estimated field capacity of soil in
bags at the onset of the first true leaf, three distinct levels of
moisture—100%, 75%, and 50% of the field capacity were
used.

Measuring the seedling traits
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Six-week-old seedlings were used to measure the following
characteristics: biomass, RFW, SFW, SL, RL, SDW, RDW,
NLR, RWC and ELWL. Three plants of each genotype from
each replication and treatment were taken out of the polythene
bags to measure the seedling characteristics. The plants were
gently washed to remove all the sand. The biomass of the
uprooted plants was calculated in grams using an electronic
balance. Each uprooted plant's shoot and root were divided by
cutting at the point where the shoot and root met. Using an
electronic balance, the fresh shoot and root weight were
determined. Means were then computed for each genotype in
each treatment. A centimeter measuring tape was used to
determine the length of the shoot and roots, and the number of
lateral roots was counted. After determining their fresh weight,
the shoots and roots of each genotype were placed in separate
craft paper bags. These shoots and roots were then oven-dried
for 24 hours at 80°C to obtain dried shoots and roots. This
process allowed for the measurement of the dry weight of the
shoots and roots. Using an electronic balance, the weight of
these dry shoots and roots of each genotype was determined,
and the means for each treatment were calculated. The
Relative water content (Aboughadareh, Naghavi, & Khalili,
2013) and Excised leaf water loss (R. T. Ahmad, Malik, Khan,
& Jaskani, 2009) in this study

Statistical Analysis

Using Statistics 8.1, a basic ANOVA was performed to
analyze the attributes of the seedling data that was gathered
(Steel & Torrie, 1981). Principal component analysis was then
used to further analyze the data (Sneath, 1973) using XLSTAT
software. Biplot graph based on principle component analysis
was used for the assessment of association among various
traits at different moisture levels. The angle between vectors
showed association between variables; acute angle, <90°
showed positive association, acute angle, <45° showed strong
positive association, right angle of 90° no correlation, obtuse
angle, >90° showed negative association and obtuse angle of
>135° and <180° showed strong negative association. In order
to bestow the drought-tolerant cotton genotypes, favorable
morpho-physiological associated seedling features and
genotypes that are resistant to drought were chosen based on
the results of the previously mentioned analysis

RESULTS AND DISCUSSION

Principal Component Analysis

Different methods are used for assessment of genotypes and
among them the multivariate analysis is most suitable. Data
mining is a highly helpful technique for selecting, evaluating,
and modeling enormous datasets in order to identify fresh
patterns and trends that will make the interpretation more
elegant and compelling. Multivariate analysis is usually used
for data mining. As a multivariate analysis, principle
component analysis has numerous applications. This analysis's
main goal is to achieve parsimony and minimize
dimensionality by identifying the fewest components that can
account for the majority of the original variation in the
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multivariate data. Therefore, some information is lost in the
abbreviated data used in this procedure (Granato, Santos,
Escher, Ferreira, & Maggio, 2018).

For every variable in this experiment, there were extremely
significant differences between the genotypes and treatments.
Except RDW, all traits showed a highly significant genotype
x treatment interaction. For selection of principle components
eigenvalue is very important criteria and the value 1 is used as
cutoff for selection of principle components. A component that
has an eigenvalue larger than one suggests that it accounts for
more variance than one of the original variables (Abdi,
Williams, & Valentin, 2013). Principle component analysis
separated the data into nine separate principle factors
(components); only the first three factors had an eigenvalue
greater than 1 for all treatments. The total variability
contributions of the first two components were 49.65%,
56.73%, and 65.99% in 50%, 75%, and 100% of field capacity,
respectively (Fig. 4, 5, 6). Additionally, Zahid et al. (Zahid et
al., 2021) and Zafar et al. (Zafar et al., 2022) noted that The
total variability of cotton germplasm was largely influenced
by the first fundamental components. For every treatment,
eigenvalues and cumulative variability were also shown in
scree plots (Figs. 1, 2, 3). Under various treatments, the
contribution % of each characteristic to overall variability
varied. Plant biomass contributed 6.46%, 16.92%, and 8.51%
of the variability in the second factor for 50%, 75%, and 100%
of the field capacity, respectively. In the first component, it
contributed 23.15%, 16.26%, and 15.18% of the variability
(Table 3). Shoot fresh weight gave relatively minimal
percentage to F2, F3, and 100% of field capacity; however,
this attribute contributed 20.15%, 14.07%, and 14.36% of
variability to F1, 50%, 75%, and 100% of field capacity,
respectively. Under 100%FC, the characteristics that
contributed to the variability of F1 were shoot dry weight, root
fresh weight, lateral root number, RL, and RWC (18.21%,
17.89%, 5.94%, 5.87%, and 4.81%) as in (Table 3).

Under 100%FC, the following factors have contributed to the
F2 variability: RWC, ELWL, RDW, and lateral root number
(32.50%, 25.48%, 21.62%, and 4.37%, respectively) (Table
4). Plant biomass, shoot fresh weight, root fresh weight, RL,
and shoot dry weight were the variables that contributed more
than 14% to the variability of F1 under 75%FC. Under 75% of
field capacity, plant biomass, SL, RL, and ELWL all
demonstrated contributions of more than 10% to the variability
of F2. In the F1 variability under 50% of field capacity,
biomass, shoot fresh weight, shot dry weight, SL, and RFW all
contributed more than 10%. Table 3 demonstrates that while
all traits had very low percent contributions to the variability
of F2 under 50% of field capacity, the exceptions were RFW
(21.61%), shoot dry weight (19.44%), and ELWL (44.86%).
The traits that contributed more than 10% to the variability of
F2 were SL, RDW, lateral root number, and ELWL contents.
It is said that SL is an important consideration when assessing
how drought affects crop plants (Ahmad et al., 2021). The
nutrients moved within the root cells during the drought. These
cells aid in the uptake of water and nutrients by the plants from
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the lower soil surface; nevertheless, poor plant development
was caused by an excessive build-up of nutrients in these cells
as a result of reduced growth of the shoot tissues (Mahmood
etal., 2022).

Except for ELWL, which demonstrated a negative
contribution under 100%FC and 75%FC, all features
contributed positively to F1 of 100%, 75%, and 50% FC
(Table 4). Within the F2 of 100%, 75%, and 50%FC, each
feature had a positive effect on one treatment and a negative
effect on another. SL, RL, shoot dry weight, RWC, and ELWL
were the positive factors in F3 of 100%FC and 50%FC, while
biomass, shoot fresh weight, shoot dry weight, and lateral root
number were the negative factors. More RLWC is a reliable
indicator of the water content of leaves and a plant's capacity
to withstand drought. According to reports, during drought
stress, accessions with higher RLWC are more productive
(Anwar et al., 2022). In F3 of 75%FC, root fresh weight, RL,
shoot dry weight, and lateral root number contributed
negatively, but all other traits contributed positively (Table 4).

Biplot graph

For each water treatment, a separate set of biplot graphs
representing F1 and F2 from the principal component analysis
were created. The graphs' vector length and cosine of the angle
were utilized to create various groups with various attributes.
These groups showed comparable performance in genotype
discrimination. Biplot categorized the characteristics into
three main categories when the field capacity was 100%.
Group 2 was created based on the relative water content, root
dry weight, and quantity of lateral roots. Group 3 retained the
water loss from the removed leaf. Traits showed extremely
modest positive and negative associations between groups,
whereas large positive associations existed within the group
(Fig. 4). Group 2 had longer roots and shoots than Group 1 at
75% of the field capacity (Fig. 5). Groups were not
distinguishable at 50% of field capacity because they were in
100% and 75% of field capacity, respectively (Fig. 6). The
vector length showed how a trait may distinguish between
different genotypes. These variables had poor discriminating
power, and the current study should not use them to identify
cotton genotypes. (Fig. 4, 5 & 6).

Association among seedling traits

In this study, PCA was used to describe the association among
various seedling traits. According to (Maione & Barbosa,
2019), PCA is a commonly used multifactorial approach for
sample classification. The degree of correlation between the
attributes was indicated by the vector length and the cosine of
the angle. Drought stress brought on by climate change are
negatively influencing the quantity and quality of seed cotton
produced (Ul-Allah, Rehman, Hussain, & Farooq, 2021).
Under 50% field capacity (FC), relative water content
exhibited a strong positive correlation with root fresh weight,
fresh shoot weight, and overall biomass, including dry shoot
weight. This correlation was less pronounced when moisture
levels reached 100% FC or remained at 50% FC. Additionally,
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there was no significant relationship observed between shoot
length at 100% FC and root dry weight at 75% FC when
examining shorter vector lengths. A greater cosine of angle
was found between excised leaf water loss and morphological
features (shoot and root length, root dry weight, and lateral
root number) indicating a negative correlation (Fig. 4, 5 & 6).
These results are consistent with the research released by
(Abdi et al., 2013).

Better and Worst Performer Genotypes

Genotypes that exhibited positive traits were more effective in
differentiation, outperforming those associated with negative
characteristics. The following genotypes—VH-144, AA-802,
CRS-456, IR-3, FH-113, NS-121, and VH-295—excelled in
terms of biomass, shoot fresh weight, root fresh weight, shoot
dry weight, and root length. On the other hand, genotypes SB-
149, CIM-707, CIM-240, VH-283, VH-282, and CRS-2007
underperformed in these areas. Looking at root dry weight,
lateral root number, and excised leaf water loss, genotypes
MG-6, CIM-443, and IUB-212 stood out with good
performance, whereas (FH-1000), (FH-118), (AA-703), (S-
12), and (1UB-222) lagged behind. Considering parameters
such as 75% field capacity (75% FC), biomass, shoot fresh
weight, shoot dry weight, and root fresh weight, genotypes
(FH-113), (FH-142), (AA-802), and (VH-295) showed strong
results. Conversely, (FH-175), (CIM-707), (CIM-443), (FH-
1000), and AA-703 exhibited weaker performance. (FH-171),
(SB-149), and (CRS-2007) demonstrated  superior
performance in terms of shoot length, relative water content,
lateral root number, shoot dry weight, and root length
compared to (CRS-456), (NIAB-820), (S-12), (IUB-222), and
(KZ-181).
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Table 1: List of 40 cotton accessions used in the current study
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Fig. 6. Biplot graph for seedling traits in 40 cotton genotypes
at 50%FC based on first two components.

Sr. No Cultivar/Lines Origin Sr. No Cultivar/Lines Origin

1 IR-3701 NIBGE, Faisalabad 21 FH-142 CRI, Faisalabad
2 SB-149 Exotic 22 VH-144 CRS, Vehari
3 FH-172 CRI, Faisalabad 23 AS-01 Exotic

4 IUB-212 1UB, Bahawalpur 24 CRS-2007 CRS,

5 IR-901 NIBGE, Faisalabad 25 FH-1000 CRI, FSD

6 CIM-443 CCRI, Multan 26 1UB-222 IUB, Bahawalpur
7 KZ-181 Kanzo Seeds 27 S-12 Sitara Seeds

8 CIM-240 CCRI, Multan 28 FH-114 CRI, FSD

9 NS-121 Neelam Seeds 29 FH-118 CRI, FSD

10 FH-170 CRI, FSD 30 MNH-886 CRS, Multan
11 FH-941 CRI, FSD 31 MG-6 Exotic

12 CIM-707 CCRI, Multan 32 NS-131 Neelam Seeds
13 FH-171 CRI, FSD 33 FH-169 CRI, FSD

14 IR-3 NIBGE, FSD 34 VH-295 CRS, Vehari
15 AA-703 Ali Akbar Seeds 35 CRS-456 CRS, Multan
16 AA-802 Ali Akbar Seeds 36 FH-113 CRI, FSD

17 NIAB-111 NIAB, FSD 37 MNH-147 CRS, Multan
18 FH-175 CRI, FSD 38 VH-148 CRS, Vehari
19 MNH-888 CRS, Multan 39 VH-283 CRS, Vehari
20 NIAB-820 NIAB, FSD 40 VH-282 CRS, Vehari
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Table 2: Using Principle Component Analysis, the eigenvalue, variability, and cumulative variability of several components
under 100%FC, 75%FC, and 50%FC were calculated.

Eigenvalue Variability (%0) Cumulative %

Treatment | 100%FC | 75%FC | 50%FC | 100%FC 75%FC | 50%FC | 100%FC | 75%FC | 50%FC
F1 3.4 4.14 4.8 33.99 41.37 48.03 33.99 41.37 48.03
F2 1.57 1.54 1.8 15.67 15.36 17.96 49.65 56.73 65.99
F3 1.41 1.16 1.03 14.1 11.56 10.3 63.75 68.29 76.29
F4 1.12 1 0.73 11.16 10.01 7.26 74.91 78.3 83.55
F5 0.84 0.85 0.5 8.43 8.49 5 83.35 86.79 88.55
F6 0.6 0.55 0.38 6.03 5.46 3.8 89.38 92.25 92.35
F7 0.44 0.37 0.32 4.37 3.68 3.19 93.75 95.93 95.54
F8 0.39 0.24 0.31 3.91 2.36 3.08 97.66 98.29 98.62
F9 0.23 0.17 0.14 2.34 1.71 1.38 100 100 100

Table 3: Proportion of the variables (%) under 100%FC, 75%FC, and 50%FC to the variation of various
components with eigenvalues greater than 1.

Biomass | SFW | RFW | SL RL SDW | RDW | LRN | RWC | ELWL | Total

F1 | 23.15 20.15 | 17.89 | 0.01 | 587 | 1821 |35 594 | 481 0.46 100%

100%FC | F2 | 6.46 774 |016 |0.03 |0.08 |156 |2548 |325 |4.37 21.62 100%

F3 | 4.71 739 |14 37.59 | 33.65 | 0.8 8.36 0.05 | 5.96 0.1 100%

F1 | 16.26 14.07 | 1571 | 952 | 14.44 | 1435 | 1.68 8.97 | 2.83 2.18 100%

75%FC F2 | 16.92 18.7 | 3.37 14 10.77 | 213 | 5.27 853 | 7.31 13.01 100%

F3 | 0.54 198 625 |812 |026 |0.29 |3.27 9.06 |43.82 | 264 100%
F1 | 15.18 14.36 | 10.3 11.87 | 14.05 | 10.47 | 4.04 7.02 |981 291 100%
50%FC F2 | 851 9.09 | 2.69 10.29 | 6.26 | 0.36 | 25.99 | 15.72 | 8.1 13.01 100%
F3 | 7.43 438 |2161 | 065 |0.26 |19.44 |0.01 0.02 |1.33 44.86 100%

Table 4: Contribution of variables under 100%FC, 75%FC, and 50%FC for various cotton characteristics

Biomass | SFW | RFW | SL RL SDW | RDW | LRN RWC | ELWL
F1 0.89 0.83 0.78 0.02 0.45 0.79 0.35 0.45 0.4 -0.13
100%FC | F2 -0.32 -0.35 |-0.05 |-0.02 |0.04 -0.16 | 0.63 0.71 0.26 -0.58
F3 -0.26 -0.32 | 0.14 0.73 0.69 0.11 -0.34 -0.03 | 0.29 0.04
F1 0.82 0.76 0.81 0.63 0.77 0.77 0.26 0.61 0.34 -0.3
75%FC | F2 0.51 0.54 0.23 -046 |-041 |0.18 -0.28 -0.36 |-0.34 | 045
F3 0.08 0.15 -0.27 | 031 -0.05 |-0.06 |0.19 -0.32 | 0.71 0.55
E006EC F1 0.85 0.83 0.7 0.75 0.82 0.71 0.44 0.58 0.69 0.37
F2 -0.39 -0.4 -0.22 | 043 0.34 0.08 0.68 0.53 -0.38 -0.48
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CONCLUSION

This study led us to the conclusion that, at all moisture
percentages of 75%, 50%, and 100% FC, MNH-886, NIAB-
111, VH-144, FH-142, NS-121, AA-802, IR-3701, VH-295,
FH-113, and IUB-212 did better and were chosen for their
drought tolerant genotypes, whereas IR-3, CIM-443, S-12, VH-
148, MNH-147, and FH-1000 performed poorly and were
selected as drought-susceptible genotypes. The inheritance of
physiological features and seed cotton production in a field trial
demonstrated the material's complex genetic architecture and
recommended delaying selection while dividing populations to
increase drought tolerance in the plant material currently in use.
Hence, these results and findings would be helpful for prospects
and breeding programs to develop drought-tolerant varieties.

REFERENCES

Abdi, H., Williams, L. J., & Valentin, D. (2013). Multiple factor
analysis: principal component analysis for multitable
and multiblock data sets. Wiley Interdisciplinary
reviews: computational statistics, 5(2), 149-179.

Aboughadareh, A. P., Naghavi, M. R., & Khalili, M. (2013).
Water deficit stress tolerance in some of barley
genotypes and landraces under field conditions.
Notulae Scientia Biologicae, 5(2), 249-255.

Ahmad, A., Aslam, Z., Naz, M., Hussain, S., Javed, T., Aslam,
S.,...Salem, M. Z. (2021). Exogenous salicylic acid-
induced drought stress tolerance in wheat (Triticum
aestivum L.) grown under hydroponic culture. PloS
one, 16(12), e0260556.

Ahmad, R. T., Malik, T. A., Khan, I. A., & Jaskani, M. J.
(2009). Genetic analysis of some morpho-
physiological traits related to drought stress in cotton
(Gossypium hirsutum).

Anwar, M., Saleem, M. A,, Dan, M., Malik, W., Ul-Allah, S.,
Ahmad, M. Q., . . . Afzal, H. (2022). Morphological,
physiological and molecular assessment of cotton for
drought tolerance under field conditions. Saudi journal
of biological sciences, 29(1), 444-452.

Bahrami, F., Arzani, A., & Karimi, V. (2014). Evaluation of
yield-based drought tolerance indices for screening
safflower genotypes. Agronomy Journal, 106(4),
1219-1224.

Bakht, S., Safdar, K., Khair, K., Fatima, A., Fayyaz, A., Ali, S.,
... Farid, M. (2020). The response of major food crops
to drought stress: Physiological and biochemical
responses. Agronomic Crops: Volume 3: Stress
Responses and Tolerance, 93-115.

Chen, Y., Shi, Y., Luo, J., Wang, D., Hou, Y., Li, Z., & Zhang,
B. (2012). Screening of drought tolerant agronomic
trait indices of colored cotton varieties (lines) in Gansu
province. Acta Agronomica Sinica, 38(9), 1680-1687.

Feng, F.-j., Song, M., Chen, Q.-j., Yao, Z., Li, Y., Liu, Y., . ..
Qu, Y. (2011). Analysis and comprehensive
evaluation on principal component of relative indices
of drought resistance at the seedling stage of cotton.
Journal of Xinjiang Agricultural University, 34(3),
211-217.

Granato, D., Santos, J. S., Escher, G. B., Ferreira, B. L., &
Maggio, R. M. (2018). Use of principal component
analysis (PCA) and hierarchical cluster analysis
(HCA) for multivariate association between bioactive
compounds and functional properties in foods: A
critical perspective. Trends in Food Science &
Technology, 72, 83-90.

Loka, D. A., Oosterhuis, D. M., & Ritchie, G. L. (2011). Water-
deficit stress in cotton. Stress physiology in cotton, 7,
37-72.

Mahmood, T., Igbal, M. S., Li, H., Nazir, M. F., Khalid, S.,
Sarfraz, Z., . . . Tajo, S. M. (2022). Differential
seedling growth and tolerance indices reflect drought
tolerance in cotton. BMC Plant Biology, 22(1), 331.

Maione, C., & Barbosa, R. M. (2019). Recent applications of
multivariate data analysis methods in the
authentication of rice and the most analyzed
parameters: A review. Critical reviews in food science
and nutrition, 59(12), 1868-1879.

Rahman, S., Shaheen, M., Rahman, M., & Malik, T. (2000).
Evaluation of excised leaf water loss and relative
water content as screening techniques for breeding
drought resistant wheat. Pak. J. Biol. Sci, 3(4), 663-
665.

Riaz, M., Farooq, J., Sakhawat, G., Mahmood, A., Sadig, M.,
& Yaseen, M. (2013). Genotypic variability for
root/shoot parameters under water stress in some
advanced lines of cotton (Gossypium hirsutum L.).
Genet. Mol. Res, 12(1), 552-561.

Shi, Y., Chen, Y., Luo, J., Pei, H., Zhang, Y., & Nan, H. (2013).
Identification and evaluation of drought tolerant
indices of colored cotton. Crops, 29, 62-67.

Singh, C., Rajkumar, B., & Kumar, V. (2021). Differential
responses of antioxidants and osmolytes in upland
cotton (Gossypium hirsutum) cultivars contrasting in
drought tolerance. Plant Stress, 2, 100031.

Sneath, P. H. A. (1973). The principles and practice of
numerical classification. Numerical taxonomy, 573.

Steel, R. G., & Torrie, J. H. (1981). Principles and procedures
of statistics, a biometrical approach.

Ul-Allah, S., Rehman, A., Hussain, M., & Farooq, M. (2021).
Fiber yield and quality in cotton under drought:
Effects and management. Agricultural Water
Management, 255, 106994.

57



Abdul Rehman

USDA. (2022). orld Markets and Trade. Foreign Agricultural
Service, Global Market Analysis United States
Department of Agriculture, USA.

Voltas, J., Lopez-Corcoles, H., & Borras, G. (2005). Use of
biplot analysis and factorial regression for the
investigation of superior genotypes in multi-
environment trials. European Journal of Agronomy,
22(3), 309-324.

Zafar, M. M., Shakeel, A., Haroon, M., Manan, A., Sahar, A.,
Shoukat, A., . . . Ren, M. (2022). Effects of salinity
stress on some growth, physiological, and biochemical
parameters in cotton (Gossypium hirsutum L.)
germplasm. Journal of Natural Fibers, 19(14), 8854-
8886.

Zahid, Z., Khan, M. K. R., Hameed, A., Akhtar, M., Ditta, A.,
Hassan, H. M., & Farid, G. (2021). Dissection of
drought tolerance in upland cotton through morpho-
physiological and biochemical traits at seedling stage.
Frontiers in Plant Science, 12, 627107.

JBAA (2024). 2(1), 51-58

Zhang, S.-h., Xu, X.-f., Sun, Y.-m., Zhang, J.-l., & Li, C.-z.
(2018). Influence of drought hardening on the
resistance physiology of potato seedlings under
drought stress. Journal of Integrative Agriculture,
17(2), 336-347.

58



