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ABSTRACT

Digital Object Identifier (DOI): https:/doi.org/10.33865/IJCRT.002.01.0372

The limited water supply for irrigation is a major constraint to cotton production. Morphological and physiological traits
provide useful information for drought tolerance. This research work was carried out for the identification of cotton
genotypes having better drought tolerance. For this purpose, forty (40) genotypes of upland cotton were studied under two
moisture regime, i.e. normal and drought environment in field conditions. The experiment was conducted using split plot
design under RCBD arrangement. All the genotypes behaved differently under two moisture levels. The interaction of cotton
genotypes with two moisture levels were studied for various traits, i.e. plant height, sympodial branches, seed cotton yield,
boll weight, number of bolls per plant, excised leaf water loss and relative water content by using Principle Component
Analysis (PCA). Results showed that the genotypes VH-144, IUB-212, MNH-886, VH-295, IR-3701, AA-802, NIAB-111, NS-121,
FH-113, and FH-142 are either stable or showing positive interaction with drought conditions for most of the traits under
studied. These genotypes can be used in further breeding program for developing varieties suitable for cultivation under
drought conditions, whereas; IR-3, CIM-443, FH-1000, MNH-147, S-12 interacted undesirably with drought stress.

Key word: Gossypium hirsutum L., breeding program, stable, seed cotton yield, water deficit, principle component analysis.

ranked second as an oilseed crop after soybean

(Mammadov et al, 2018). In Pakistan, it is a cash crop and
major earnings of foreign exchange. Pakistan ranked at the
fourth number in largest cotton production in the whole world.
The share of cotton in agriculture is 5.1% and in overall GDP is
1.0% (Ashraf et al, 2018). The total 99% of cotton area in
Pakistan and 90% of the world’s cotton area is covered with
upland cotton. This crop is mostly grown in arid and semiarid
regions where a water shortage is often occurring.
The economy of a predominantly agricultural country mainly
depends upon the agricultural activities, consisting of many
disciplines in which crop husbandry plays an important role.
When a seed is planted in the soil, the plant development and
productivity are subject to numerous biotic and abiotic stresses.
It is evidenced that abiotic stresses are the major contributor to
the reduction of crop growth and yield. The losses due to
drought, high temperature, salinity, low temperature, and by
other factors are 17%, 40%, 20%, 15% and 8% respectively
(Ullah et al,, 2019; Zaidi et al, 2020). Drought stress has been
affecting globally to the agriculture which causes higher yield
losses as compared to all other abiotic stresses. Drought along
with high temperature is a major constraint to plant growth,
survival and productivity on a global basis (Ahmad et al,, 2018).
It reduces the crop growth and productivity and affects various
physiological, biochemical and molecular processes in crop
plants. The water deficit along with global climate change
makes the condition more severe in major agricultural domains
(Khan et al, 2018).
The situations in which it is impossible to modify the
environments to suit the crop plants, plant breeders and

INTRODUCTION: Cotton is a major fiber yielding crop and

geneticists are trying to modify the crop plants for adverse
environmental stresses. This alternative strategy is being used
to tackle the problem of drought stress (Ahmed et al, 2020).
This approach consists of modification of the genetics of crop
plants through selection and breeding, to make them suitable
for drought declared areas. To develop such material,
variability in the crop plant is a basic requirement for drought
tolerance and this variability must have some genetic
components. Information about these components is necessary
for exploitation of these genetic resources through selection
and breeding. The variability in a species plays important role
in the identification of the target genotypes for the
improvement of character under study (Ullah et al, 2017).

The selection and breeding, crop plants against drought may be
better if the variation is genetically controlled. Previous studies
suggest that drought tolerance is polygenetically controlled.
Significant genetic variation has been found in many traits
which are associated with drought stress in many crops. The
variability in drought stress tolerance in cotton crop is limited
as reported by previous work, but a few studies reported that
the variation in drought tolerance is available at crop maturity.
The information about response of plants to drought stress is
essential for improving the drought stress tolerance since
morphological traits have been usually used to classify drought
tolerant and sensitive genotypes in upland cotton (Jaleel et al,
2009). The main advantages of using these morphological traits
in screening include no requirement of any specialized
equipment for measuring them. Significant variation has been
reported in various morphological traits such as plant height,
number of bolls per plant and boll weight (Mahmood et al,
2006). Reduced leaf area is major symptoms of cotton under
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drought stressed to reduce transpiration. High leaf water
content being genetically controlled and usually used as reliable
measures to determine drought tolerant plants (Prasad et al,
2008; Brito et al,, 2011).

BJECTIVES: Therefore, the present study was planned
O for the assessment of genotypic variation under water

deficit condition at maturity stage in the field condition
in commercial and newly developed elite cotton varieties and to
identify drought tolerant and drought sensitive genotypes.

ATERIALS AND METHODS: In this study, forty cotton
Maccessions were screened at maturity stage in the
research area of Department of Plant Breeding and

Genetics, UAF. These genotypes were evaluated under two
moisture regimes, normal (To) and drought stress (T1) in the
field conditions. For this purpose, forty genotypes of cotton
were grown under normal and drought conditions in split plot
design under RCBD arrangement. The main plots contained
irrigations while sub-plots contained genotypes in each
replication. Ten plants of each genotype were grown in a single
row. The distance between rows to row was 75 cm while plant
to plant was 30 cm. All the practices, including agronomic as
well as cultural were the same except irrigations. The rainfall
during June-August (vegetative phase) and September-
November (reproductive phase) was 213.2 and 3.8 mm
respectively. Drought stress treatment was given 50% reduced
irrigations as compared to the normal treatment (Kirda et al,
2005). Climatic conditions prevailing during present
experimentation (April-November) in the year 2013 were
provided in the figure 1. (Source: Agromet Bulletin, Agriculture
Meteorology Cell, Department of Crop Physiology, UAF,
Pakistan). At the maturity stage, when drought symptom
appeared, 5 guarded plants for each of the genotypes per
replication and treatment were tagged for measuring the data
for plant height, number of sympodial branches, number of
bolls per plant, boll weight, seed cotton yield per plant, excised
leaf water loss and relative water content.
Plant height of the main stem from cotyledonary node to the
apex was measured in centimeters. The sympodial branches
were counted from each tagged plant on each of the genotype
per treatment and replication and then average was calculated.
The matured, open bolls were picked from each randomly
selected plant from each genotype, per treatment and
replication and then average was calculated as number of bolls
per plant. For measuring boll weight, five opened bolls having a
good opening were picked from each tagged plant for each
genotype per treatment and replication. The seed cotton was
weighed in grams in electrical balance and then the average boll
weight of each entry was calculated by dividing seed cotton
weight of five bolls by five. All the opened bolls having a good
opening were picked by three picks at maturity and then seed
cotton was weighed in grams and then the average weight of
seed cotton yield per plant was calculated.
For the measurement of relative water content, three matured
leaf samples were obtained from each of the tagged plants from
each replication and treatment during the end of September.
These leaf samples were kept in polythene bags after they were
excised and their fresh weight was taken on the electronic
balance. After that the samples were left in the water for one
night and by using an electronic balance turgid weight were
measured. After keeping these samples at room temperature

for drying for about one hour, these samples were oven dried
for 72 h. at 70°C and dry weight of leaf samples were measured.
The relative water content was calculated by the formula as
under (Barr and Weatherley, 1962).
Fresh weight—Dry weight
RWC = Turgid weight—Dry weight 100

For measuring excised leaf water loss, a sample of three
matured leaves was obtained from each of the tagged plants for
each of the genotype per replication and treatment during the
end of September. These leaf samples were kept in bags soon
after they were excised from the plant and their fresh weight
was measured on an electronic balance. Then the leaf samples
were kept at room temperature on the laboratory bench. The
wilted weight of leaves samples were measured after 24 h. and
then these samples were oven dried for 72 h. at 70°C for
measuring dry weight. The excised leaf water loss was
calculated by the formula as under (Clarke and and Mccaig,
1982).

ELWL =

Fresh weight—Wilted weight

Dry weight x 100
Collected data were subjected to analysis of variance using
Statistix 8.1. Principle component analysis (PCA) was
performed on the mean data using XLSTAT software (Ahmed et
al,, 2019).

ESULTS: Mean squares showed significant differences
Rfor genotypes, treatments and genotype x treatments

interaction for all the traits (table 1). Traits showing
significant differences for genotypes and treatments were
further analysed by principle component analysis (PCA).
Plant height (cm): The biplot analysis for plant height revealed
that there was significant variation in forty genotypes of cotton
(figure 2). It is obvious that genotypes which are tolerant under
drought stress produced taller shoots as compared to sensitive
ones. Maximum plant height under normal and drought stress
was shown by VH-148. The genotypes such as IUB-212, CRS-
2007, NIAB-111, MNH-147 and NS-131 also showed the genetic
potential for improving drought tolerance under both conditions.
The other genotypes showed specific response against treatment
because these genotypes formed positive, but shorter vectors
along the vectors of treatment. For example, VH-144, CIM-443,
IUB-222 and FH-114 were well under normal treatment whereas
FH-170, CIM-707, IR-3 and MNH-886 did better under drought
condition. The genotypes i.e. AA 703, FH-171, MG-6, FH-172, VH-
293, AA-802. CRS-456, CIM-240, AS-01, S-12, NIAB-820 and VH-
282 showed sensitivity against drought stress due to their
location on negative side of treatment vectors.
Number of sympodial branches: Genotypes i.e. [UB-212, CIM-
707, VH-148, NIAB-111 and IR-901 had shown more sympodial
branches and these genotypes were located on the extreme
right of treatment vectors (figure 3). The remaining genotypes
which performed better under normal and drought conditions
were included CRS-2007, FH-170 and VH-144 because these
genotypes formed longer vectors which showed their tolerant
response under drought stress. The shorter but positive vectors
were found in the genotypes such as VH-283, IUB-222, FH-175
and FH-169 which showed a specific response to treatment. The
genotypes AA-703, CRS-456, VH-295, FH-113 and IR-3701 were
most sensitive to drought stress. In addition the genotypes such
as FH-172, FH-941, AS-01, FH-1000, FH-171, MG-6 and IR-3
also showed sensitivity to drought stress because of their
vector location on the negative side of vectors of the treatment.

Volume Number 2 || Issue Number 1 || Year 2020 ||Page Number 48



Sov D.F PH SB BP BW SCY RWC ELWL
Rep. 2 9.100 11.760 3.990 0.063 98.000 0.001 0.034
Trt. 2 48986.100** 555.774** 6854.430** 54.198** 173834.000**  0.396** 1.221**
Error-I 4 0.300 0.429 0.180 0.042 36.000 0.000 0.010
Gen. 39 955.000** 25.706** 95.210** 2.341** 3265.000** 0.059** 1.577**
Trt*Gen 78 253.400** 7.365%* 40.740** 0.423** 1040.000** 0.023** 0.338**
Error-II 234 0.900 0.881 1.850 0.011 27.000 0.000 0.009

Table 1: Mean squares for various traits of screening at maturity stage in the field.

significant, **= highly significant, PH= plant height, SB= number of sympodial branches, BP= number of bolls per plant, BW= boll

weight, RWC= relative water content, ELWL= excised leaf water loss.

140
120 R.F (mm)
100 /A\
80 —_— 0
60 P y N R.H (%)
40 —_— M ,/ \\ o
0 E— V4 N
April May June July August September October Nowvember
Months
Figure 1: Rainfall, relative humidity and average temperature from April to November during 2013.
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Figure 2: Biplot for plant height of forty cotton genotypes under normal and drought conditions.
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Figure 3: Biplot for sympodial branches of forty cotton genotypes under normal and drought conditions.
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Number of bolls per plant: Significant variation was found in
40 genotypes for a number of bolls per plant. The longest
stretches with treatment vectors were formed by NIAB-111 and
MNH-147 which signified the high number of bolls per plant
under normal and drought conditions. The genotypes NS-121,
IUB-212, CRS-2007, VH-282 and VH-148 also revealed high
genetic potential for drought stress tolerance by retaining more
number of bolls per plant and in contrast, genotypes NIAB-820,
CRS-456, MNH-886, FH-169 and VH-144 which were located on
the opposite to the treatment vectors and ranked as highly
drought sensitive genotypes. The remaining genotypes which
were located on the negative side of treatment vectors such as
IR-3701, AA-703, FH-941, AS-01, FH-113 and S-12 ranked as
sensitive genotypes to drought stress (figure 4).

Boll weight (g): In biplot graph for boll weight, the genotypes
with maximum boll weight were located right side of treatment
vectors which indicated their potential to maintain high boll
weight under both treatments (figure 5). This group consisted
of highly tolerant genotypes, for example, CIM-707 and FH-170.
Other genotypes which also showed some degree of drought
tolerance were included IUB-212, NS-121, MNH-147, VH-148
and FH-118. In comparison, the genotypes which were present
on left side of treatment vectors showed severe decline in boll
weight, therefore the genotypes such as AS-01 and NIAB-111
were found highly sensitive under normal and drought stress.
The genotypes such as CRS-456, FH-171, FH-113, FH-175, S-12
and CIM-443 could be clearly categorized as sensitive.

Seed cotton yield (g): This biplot showed significant genetic
variation of forty cotton genotypes indicated by their dispersion
around biplot origin for seed cotton yield (figure 6). Highest
seed cotton yield was recorded in genotypes FH-170, CIM-707
and MNH-147 indicating extreme tolerance to drought stress in
these cultivars. The seed cotton yield was also high in NS-121,
[UB-212 and VH-148 which were present on the positive side of
biplot. Minimum seed cotton yield was observed in genotypes
which were located on the left side of treatment vectors such as
CRS-456, VH-144, FH-142, MNH-886 and AS-01 which showed
more sensitivity to drought stress. In addition, FH-171, NIAB-
111, AA-703 and S-12 were also sensitive to drought condition.
Relative water content: This biplot showed that there were
significant variations in the genotypes for this trait (figure 7).
The genotypes which showed their longest vector length with
treatment vectors were CIM-707 and VH-295 which indicated
high relative water content under normal and drought
conditions. The genotypes for example FH-171, SB-149, IUB-
212, FH-172, FH-118, MNH-147, FH-114 and NS-121 also
showed the genetic potential for drought tolerance by
maintaining high leaf water content. The genotypes FH-113 and
CIM-443 which were located on the reverse side of the
treatment vectors were ranked as highly drought sensitive. The
remaining genotypes which were present on negative sections
of biplot included IR-3701, S-12, KZ-181, MNH-886, NIAB-111
and FH-142 and marked as sensitive to drought stress.

Excised leaf water loss:In this biplot (excised leaf water loss)
the genotypes showing slightest water loss were located left to
the treatment vectors which indicated their capacity to
maintain high leaf water content under both conditions (figure
8). This group consisted of highly tolerant genotypes for
example KZ-181, VH-283, VH-144 and FH-142. The other
genotypes which showed some degree of drought tolerance

were included CRS-456, CIM-240, MNH-886 and IR-3. Whereas,
the genotypes which were located on the right side of treatment
vectors indicated a maximum water loss, these included FH-
1000, CRS-2007 and FH-941 which were marked as sensitive to
drought stress.
Correlation study: Correlation studies under normal condition
revealed that plant height and sympodial branches are
significantly and positively associated with seed cotton yield
and number of bolls (table 2). The number of bolls per plant
was positively correlated with sympodial branches and seed
cotton yield, but negatively correlated with boll weight which is
obviously logical. Average boll weight presented significant and
positive correlation with seed cotton yield, but negatively
associated with number of bolls. Seed cotton yield was
significantly and positively associated with plant height,
number of sympodial branches, number of bolls and boll
weight. Under drought condition, the plant height presented
significant positive association with sympodial branches per
plant, number of bolls, boll weight and seed cotton yield (table
3). The sympodial branches showed significant positive
correlation with plant height, number of bolls, boll weight and
seed cotton yield. The number of bolls showed a significant
positive association with plant height, sympodial branches and
seed cotton yield but negatively associated with boll weight.
There were positive association of boll weight with plant height,
number of sympodial branches and seed cotton yield and
negatively correlated with number of bolls per plant which is
logical. Seed cotton yield was significantly positively associated
with plant height, sympodial branches, boll weight and bolls per
plant.A negative correlation of relative water content and
excised leaf water loss with the yield components was observed
under both normal and drought the condition but it was
statistically non-significant. The study advocated that these
traits were not associated with yield related traits on the
genetic basis. They did not play any significant role in
enhancing seed cotton yield, but they contributed to the plants
survival under water deficit condition and can be used as
screening techniques in breeding drought tolerance
programme.

ISCUSSIONS: The availability of two components is
D essential for development of drought tolerance through

natural or a deliberate selection in Gossypium hirsutum
L. Firstly, the variability in the plant trait must be present, and
secondly, this variability must be controlled by a significant
additive component. In the present research work, 40 cotton
genotypes were screened at maturity stage in field condition
under two moisture regime i.e. normal and drought condition.
By comparing different traits such as plant height, number of
sympodial branches, number of bolls per plant, boll weight,
seed cotton yield, relative water content and excised leaf water
loss drought tolerant and sensitive genotypes were selected.
Data generated were compared using mean values through
biplot analysis. Previous workers for example, (Kar et al.,, 2005;
Shakoor et al, 2010; Igbal et al, 2011; Ademe et al., 2017) had
used screening of drought-tolerant and drought sensitive
genotypes for morphological and physiological traits.
By comparing differences and similarities in morphological and
physiological traits under two moisture stress conditions
(Normal and drought condition), a significant reduction in these
characters was observed.
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Variables PH SB BP BW RWC ELWL

SB 0.3127*

BP 0.4994 0.2599**

BW 0.1488 0.1252 -0.454**

RWC -0.0849 0.1251 0.294 0.3185

ELWL -0.0907 -0.1263 0.0127 -0.098 -0.2124

SCY 0.3708** 0.2291** 0.8283** 0.8685** 0.364 -0.0503

Table 2: Correlation coefficient for various traits under normal condition
*= significant, **= highly significant, PH= plant height, SB= number of sympodial branches, BP= number of bolls per plant, BW=

boll weight, RWC= relative water content, ELWL= excised leaf water loss.

Variables PH SB BP BW RwWC ELWL
SB 0.7478**

BP 0.6304** 0.5962**

BW 0.4292** 0.4267** -0.3909**

RWC 0.0794 0.2247 0.1433 0.2996

ELWL -0.2036 -0.2699 -0.2552 -0.1551 -0.108

SCY 0.5934** 0.5799** 0.7762** 0.8698** 0.2941 -0.2281

Table 3: Correlation coefficient for various traits under drought condition*= significant, **= highly significant, PH= plant height,
SB= number of sympodial branches, BP= number of bolls per plant, BW= boll weight, RWC= relative water content, ELWL=
excised leaf water loss.
*= significant, **= highly significant, PH= plant height, SB= number of sympodial branches, BP= number of bolls per plant, BW=
boll weight, RWC= relative water content, ELWL= excised leaf water loss.
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Figure 4: Biplot for number of bolls per plant of forty cotton genotypes under normal and drought conditions.
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Figure 5: Biplot for boll weight of forty cotton genotypes under normal and drought conditions.
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The genotypes VH-144, 1UB-212, MNH-886, VH-295, IR-3701,
AA-802, NIAB-111, NS-121 FH-113 and FH-142 were found as
tolerant, whilst IR-3, CIM-443, FH-1000, MNH-147 and S-12
were sensitive to drought stress. It was further observed that
effect of drought stress on number of bolls, boll weight and seed
cotton yield was greater than that on other traits. Previously,
similar responses in these traits were studied in water stressed
plants of Pennisetum glaucum and cotton (Shakoor et al, 2010;
Ulloa et al., 2020). Like morphological parameters, excised leaf
water loss and relative water content, differentiated drought
stress tolerant and sensitive genotypes. The genotypes NIAB-
820, AA-703, FH-175, IUB-222 and NIAB-111 showed tolerance
to drought stress which maintained high relative water content,
whilst IR-3, MG-6, FH-172 and SB-149 proved to be poor
retainers regarding leaf water content. Similar decrease in
relative water content in wheat plants under drought stress had
been reported (Matin et al, 1989; Geravandi et al, 2011),

Therefore, high leaf water content during water deficit
conditions revealed effective screening criteria to identify
drought tolerant genotypes in barley and Triticum aestivum
(Tavakol and Pakniyat, 2007; Dabbert et al, 2017). For excised
leaf water loss, genotypes showing lowest values were
desirable due to exhibiting minimum loss of leaf water content
under drought stress. Comparison of forty cotton genotypes
shown valuable information about potential of the material to
withstand water deficit tolerance and allowed the identification of
some drought tolerant and sensitive genotypes. Comparison of
genotypes based on morpho-physiological traits suggests that they

might be important source of genes for enhancing drought
tolerance. In previous research related to drought tolerance in

cotton, Ullah et al. (2019) showed great variations in material tested
under normal and water deficit condition which is in according to

the present study.
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