
INTRODUCTION

Amongst abiotic stresses, acute shortage of water is the most
important factor for the production of field crops in many
areas of the developing countries. In fact, water stress at
critical stages increases the significant difference between
actual and potential yield of field crops (Iqbal et al., 2010).
Climate changes occurring in the universe enhances the
magnitude of irregular rainfall pattern, dry winters,
prolonged dry spells and elevated temperature due to global
warming, are expected to result in shortage of fresh water
(Jeswani et al., 2008; Mir et al., 2012). Thus keeping in the
view the low water level in canals and rivers, it has become
important to develop such varieties of crops through
selection and breeding which could withstand the stress due
to water in canal irrigated areas.
Although upland cotton is characterized as drought tolerant
plant, substantial amount of variation exists within the
species in response to water stress (Naidu et al., 1998; Loka
et al., 2011). Several adverse effects on plant character due
to drought has been reported e.g. plant height (Ball et al.,
1994; Pace et al., 1999), and in some cases root elongation is
reduced due to shortage of water (Prior et al., 1995). Water
shortage not only effect the vegetative growth but had been
seen to reduce flowering, reproductive, seed development
stage, and finally yield (Pettigrew, 2004a; Prasad et al.,2008;
Sarvestaniet al., 2008).
Availability of significant variation must be present in the
germplasm in response to water stress, and this variation

must be controlled genetically (Mitra, 2001). Keeping in
view these requisites of breeding, previous information
indicated the presence of genetic variation for drought
tolerance in cotton (Saba et al., 2001; Ye et al., 2003; Kar et
al., 2005; Ullah et al., 2006; Iqbal et al., 2011; Taheri et al.,
2011).
Several physiological and morphological parameters of
upland cotton had been widely used for the assessment of
variation for water stress. These parameters includes number
of lateral roots, seedling vigor, root-to-shoot ratio (Cook,
1985); longer tap root length (Pace et al., 1999);
photosynthetic rate and stomatal conductance (Nepomuceno
et al., 1998); reduced transpiration (Quisenberry et al., 1982),
leaf water content (Leidi et al., 1999), and opening and
closing of stomata for short time is also one of the important
trait that could be exploited for the development of drought
tolerant cultivars (Fambrini et al., 1995; Franca et al., 2000).
Rate of excised leaf water loss had been exploited in
Triticum aestivum L. (McCaig and Romagosa, 1989; Sadiq
et al., 1994; Trethowan et al., 2002; Moinuddin et al., 2005),
Zea mays L. (Kamara et al., 2003), Hordeum vulgare L.
(Rizza et al., 2004), brassica species (Kumar and Singh,
1998) and Glycine max (Hufsteler et al., 2007). It is likely to
use these traits for the identification of potential genotypes
of cotton but limited information is reported in the literature
on the response of root related traits of cotton to water stress.
The present study examines the variation in 49 varieties of
cotton against water stress at seedling stage. The information
from this study may facilitate the breeders for the
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identification of potential germplasm for development of
drought tolerant plant material for water limiting areas.

MATERIALS AND METHODS

In the present studies, response of 49 varieties of upland
cotton to two water stress, under controlled conditions was
examined in the Department of Plant Breeding and Genetics,
University of Agriculture, Faisalabad, Pakistan (Table 1).
Cotton seeds of the material were pre-soaked overnight, and
3-4 seeds were sown in polythene bags (5 × 2.5 cm). The
polythene bags were filled with sand. It took 3-4 days to
complete germination, and one seedling was kept in each
bag. There were three moisture levels i.e. normal water
supply and the other two were 25% and 50% of the normal
moisture level. Five polythene bags for each genotype in one
treatment were maintained in greenhouse according to
factorial complete randomized design. Seedlings were
irrigated routinely for their establishment. Water stress was
applied on the appearance of 2nd leaf. After 15 days seedlings
of each variety were uprooted, and rinsed 4-5 times with
distilled water and swapped with paper towel. These
seedlings were dissected into two portions i.e. shoot and root,
and measures for their length, fresh root and shoot weight
were also recorded. Means of each genotype were used for
statistical analysis. For the determination of relative water
content (RWC),fully developed leaves were excised from
each of plant in each treatment. These excised leaves were

immediately taken to the laboratory and fresh weight was
recorded immediately. The leaf samples were kept in 30 ml
of distilled water for overnight to record turgid leaf weight.
Then leaf samples were oven dried at 70°C for six hours.
The relative water content was measured as,

RWC = Fresh weight – Dry weight / Turgid
weight – Dry weight

Excised leaf water loss (ELWL) was also determined from
fully developed leaves of each genotype. Excised leaves
from selected plants were packed in polythene bags to avoid
water loss. Fresh weight of leaves was recorded and samples
were left on laboratory benches for six hours. Then weight
of wilted leaves was recorded and finally samples were oven
dried at 70°C to determine dry weight. The ELWL was
calculated using the following formula,

ELWL = Fresh weight – Wilted weight / Dry weight
Statistical analysis: Means of each trait were analyzed by
using Statix-8.1 to see whether genotypic differences are
significant for all the traits.

RESULTS

Analysis of variance revealed highly significant differences
(P≤ 0.01) among the genotypes for all traits (G) (Table 2).
The differences between the three water treatments (T) were
also highly significant (P≤ 0.01), and highly significant
interaction (G × T) indicated the differential response of the
genotypes to three moisture levels (P≤ 0.01).

Table 1. Names of 49 genotypes of Gossypium hirsutum L. examined for drought tolerance
Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes Sr. No. Genotypes
1 ALDL-18 13 Hg-2 25 Z-293 37 Coker-3113
2 CP 15/2 14 UKAB-2 26 GH-2-1-75 38 Ali Akbar 802
3 KZ-189 15 Hg-HN-134 27 FH-941 39 IR-3701
4 Shaheen 16 XL-1 28 VH-282 40 C-26
5 LB-391 17 AC-134 29 VH-259 41 Ali Akbar 703
6 Royal Smooth 18 KZ-181 30 Brycot 42 Hg-142
7 Menufi 19 FH-113 31 UCD-581 43 TH-41-83
8 PB-900 20 Qualandri 32 Linea-100 44 Gland less (Rex)
9 Alseemi-151 21 LH-72 33 289 F/1 45 Alrasham
10 H-469 22 TADLA-32 34 Cedix-1176 46 SB-149
11 E-288 23 Coscot-B-2 35 NS-131 47 KZ-191
12 Die-Xie-King 24 SA-100 36 L-S-S 48 Lasani-15

49 A-619

Table 2. Mean squares of various seedling traits in G. hirsutum L.
SOV DF RL SL RW SW RWC ELWL
Genotypes(G) 48 31.23** 33.295** 0.00898** 0.01789** 2536.8** 9.0356**
Treatments(T) 2 1060.54** 563.312** 0.35251** 0.82486** 52260.9** 97.8406**
G×T 96 4.80** 1.429* 0.00170* 0.01243** 1663.8** 1.9824**
Error 588 2.21 1.260 0.00161 0.00199 448.3 0.0099
* = Significant, **= highly significant
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Table 3.Root and shoot length of upland cotton under
control and water stress conditions

Genotypes Root length (cm) Shoot length (cm)
Cont-
rol

25%
Stress

50%
Stress

Cont-
rol

25%
Stress

50%
Stress

ALDL-18 10.7 8.8 7.9 15.3 13.7 12.1
CP 15/2 10.8 8.6 7.3 15.6 13.8 11.1
KZ-189 9.7 8.2 7.2 14.0 12.7 11.6
Shaheen 17.9 13.8 10.9 17.8 15.5 13.3
LB-391 8.9 8.1 7.1 15.4 13.9 11.8
Royal Smooth 9.3 7.7 6.9 15.2 13.2 12.1
Menufi 9.2 8.5 6.7 14.5 13.2 10.9
PB-900 9.3 9.2 9.1 13.3 13.2 13.1
Alseemi 151 10.4 7.8 6.9 13.8 12.9 11.6
H-469 10.9 8.6 7.8 15.4 14.1 12.9
E-288 15.4 8.0 6.8 16.4 12.4 10.8
Die-Xie-King 10.6 7.7 6.6 15.4 13.5 12.1
Hg-2 10.8 7.9 6.6 14.3 13.1 11.9
UKAB-2 9.7 8.7 7.9 13.2 12.3 11.9
Hg-HN-134 8.3 7.5 6.3 15.8 11.4 8.7
XL-1 11.9 8.9 7.0 15.6 13.9 12.1
AC-134 10.8 9.3 7.1 14.5 12.4 9.7
KZ-181 9.2 9.2 8.4 14.6 12.7 10.6
FH-113 11.6 9.2 7.6 13.9 12.5 10.8
Qualandri 10.8 9.7 8.3 13.8 11.7 10.6
LH-72 13.8 8.8 7.2 11.7 9.3 10.5
TADLA-32 13.2 13.4 9.7 15.2 14.7 13.3
Coscot-B-2 13.7 11.2 8.7 16.1 14.2 11.8
SA-100 14.7 10.8 6.8 11.9 13.6 12.7
Z-293 11.3 9.6 7.9 14.5 13.2 12.3
GH-2-1-75 11.0 10.4 8.9 15.7 13.6 11.4
FH-941 13.7 10.6 7.2 13.5 12.5 10.9
VH-282 11.2 9.0 8.0 15.1 13.3 11.9
VH-259 11.9 10.1 7.9 14.5 13.1 12.0
Brycot 10.9 9.5 8.1 14.5 13.5 12.7
UCD-581 12.8 9.5 6.9 13.5 11.8 10.6
Linea-100 11.2 9.0 7.8 13.9 12.7 10.6
289 F/1 11.8 8.4 6.9 11.9 10.9 9.2
Cedix-1176 12.5 7.9 6.8 12.9 11.1 7.9
NS-131 9.0 8.4 7.5 10.8 10.1 8.9
L-S-S 11.4 8.6 7.5 13.5 12.5 10.5
Coker 3113 12.3 9.4 7.9 14.3 12.5 11.8
Ali Akbar 802 16.3 11.1 8.9 17.3 13.3 12.1
IR-3701 15.8 10.9 8.4 16.6 12.3 10.9
C-26 10.8 10.5 7.7 12.9 11.1 9.9
Ali Akbar 703 10.9 9.2 7.2 10.6 9.4 8.9
Hg-142 12.6 8.8 7.9 13.7 12.5 11.4
TH-41-83 11.9 10.7 8.5 12.0 10.9 9.6
Glandless(Rex) 12.8 10.8 7.2 14.3 12.7 11.1
Alrasham 14.2 7.9 8.9 12.5 10.8 9.9
SB-149 12.1 10.8 9.1 11.2 8.9 7.2
KZ-191 10.8 9.5 5.8 11.9 10.7 9.6
Lasani-15 13.1 13.3 9.5 13.7 13.5 13.2
A-619 9.7 7.9 7.9 13.0 11.2 10.5
Means 11.70 9.41 7.73 14.10 12.49 11.08
SE 0.29 0.21 0.14 0.23 0.19 0.19
CV 0.17 0.15 0.13 0.11 0.11 0.12

Root length: Root lengths of 49 genotypes measured in
control condition differed from each other, and ranged from
8.3 cm (Hg-HN-134) to 17.9 cm (Shaheen) (Table 3). Under
water 25% stress conditions, root length of all the genotypes

markedly reduced and ranged from 7.5-13.8 cm for Hg-HN-
134 and Shaheen respectively whilst 5.8-10.9 for KZ-191and
Shaheen respectively under 50% of water stress.

Table 4.Root and shoot weight of upland cotton under
control and water stress conditions

Genotypes Root weight (mg) Shoot weight (mg)
Cont-
rol

25%
Stress

50%
Stress

Cont-
rol

25%
Stress

50%
Stress

ALDL-18 56.3 37.5 26.3 103.7 83.8 60.0
CP 15/2 78.8 37.5 22.5 122.5 83.8 48.8
KZ-189 70.0 38.8 27.5 163.8 123.8 86.3
Shaheen 205.0 135.0 71.2 752.5 193.7 132.5
LB-391 148.7 33.8 16.3 171.3 126.3 78.8
Royal Smooth 66.2 33.8 20.0 155.0 122.5 87.5
Menufi 78.8 51.3 26.3 165.0 128.8 92.5
PB-900 58.8 112.5 63.8 170.0 167.5 116.2
Alseemi 151 91.2 52.5 32.5 222.5 130.0 80.0
H-469 86.2 46.3 31.3 182.5 133.8 90.0
E-288 161.2 36.3 23.8 247.5 115.0 87.5
Die-Xie-King 91.3 57.5 37.5 180.0 140.0 102.5
Hg-2 65.0 46.3 30.0 198.8 116.3 78.8
UKAB-2 112.5 63.8 42.5 185.0 123.8 78.8
Hg-HN-134 85.0 52.5 30.0 175.0 130.0 71.3
XL-1 122.5 55.0 32.5 207.5 165.0 68.8
AC-134 135.0 43.8 25.0 167.5 128.8 96.3
KZ-181 113.7 62.5 42.5 245.0 147.5 105.0
FH-113 117.5 50.0 33.8 196.3 165.0 113.7
Qualandri 85.0 48.8 27.5 201.3 133.8 102.5
LH-72 91.3 40.0 20.0 176.3 108.8 82.5
TADLA-32 111.2 120.0 65.0 222.5 172.5 125.0
Coscot-B-2 150.0 65.0 41.3 215.0 127.5 73.8
SA-100 117.5 71.2 46.3 216.3 141.2 107.5
Z-293 120.0 71.3 33.8 201.2 142.5 101.2
GH-2-1-75 62.5 90.0 53.8 201.2 165.0 86.3
FH-941 156.3 57.5 35.0 216.3 146.2 95.0
VH-282 153.7 82.5 45.0 238.8 122.5 108.8
VH-259 111.2 70.0 48.8 231.3 117.5 85.0
Brycot 131.3 75.0 47.5 196.3 125.0 92.5
UCD-581 93.8 70.0 37.5 201.3 100.0 58.8
Linea-100 80.0 57.5 43.8 202.5 96.3 71.3
289 F/1 97.5 73.8 51.3 193.8 113.8 80.0
Cedix-1176 156.3 95.0 58.8 123.8 101.3 83.7
NS-131 86.2 68.8 50.0 143.8 122.5 82.5
L-S-S 88.7 76.3 35.0 156.3 115.0 88.8
Coker 3113 133.8 85.0 35.0 237.5 135.0 100.0
Ali Akbar 802 186.3 75.0 62.5 261.3 165.0 108.8
IR-3701 166.2 72.5 51.3 260.0 112.5 88.8
C-26 97.5 70.0 50.0 160.0 127.5 103.8
Ali Akbar 703 130.0 90.0 63.8 216.2 96.3 112.5
Hg-142 142.5 45.0 30.0 192.5 151.3 96.3
TH-41-83 137.5 91.3 58.8 186.2 106.3 90.0
Glandless(Rex) 100.0 57.5 35.0 188.7 127.5 80.0
Alrasham 110.0 82.5 56.3 152.5 113.7 88.8
SB-149 128.8 87.5 52.5 136.3 115.0 87.5
KZ-191 47.5 36.3 25.0 202.5 123.8 101.2
Lasani-15 103.7 116.3 65.0 192.5 170.0 120.0
A-619 96.2 80.0 47.5 171.2 102.5 77.5
Means 110.5 66.7 40.9 202.2 129.0 90.9
SE 5.02 3.39 2.02 12.50 3.41 2.43
CV 0.32 0.35 0.34 0.43 0.18 0.18
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Data on root length revealed that cotton genotypes exhibited
variability to three moisture conditions. Genotypes namely,
Shaheen, Ali Akbar 802 and IR-3701 had the longest root
length i.e. 17.9, 16.3 and 15.8 cm respectively under control,
whilst Shaheen, TADLA-32 and Lasani-15 had root length
of 13.8, 13.4 and 13.1 cm respectively in 25% stress but
same genotypes reduced root length to 10.9, 9.7 and 9.5 cm
respectively in 50% water stress level. Hg-HN-134, LB-391,
NS-131 had shorter root length i.e. 8.3, 8.9 and 9 cm
respectively under control, and 25% stress conditions. The
cotton varieties namely, Hg-HN-134, Di-Xie-King and
Royal Smooth developed shortest root length of 7.5, 7.7 and
7.7 cm respectively in 25% water stress. Under 50% stress
of stress root length of KZ-191, Hg-HN-134 and Hg-2 is
greatly reduced to 5.8, 6.3 and 6.6 cm respectively (Table 3).
Shoot length: The selected genotypes of cotton were also
differed for shoot length and ranged from 10.6 to 17.8 cm.
Ali Akbar 802, IR-3701, E-288 and Coscot-B-2 were found
to be drought tolerant genotypes. The shoot length 49
genotypes were remarkably reduced under 25% of stress,
and ranged from 8.9 (SB-149) to 15.5 cm (Shaheen) whilst
7.2 to 13.3 cm for SB-149 and Shaheen, respectively, under
50% stress level. The varieties namely Shaheen, TADLA-32,
Lasani 15, PB-900 and Coscot-B-2 were identified to be
drought tolerant but SB-149, LH-72, Ali Akbar 703, NS-
131 and KZ-191 were found to be susceptible genotypes
under 25% stress conditions (Table 3).
Root weight: Maximum root weight of 205 mg was
observed for Shaheen in normal as compared to 135 and
71.2 mg in 25% and 50% stress conditions respectively. KZ-
191 exhibited minimum weight of 47.5 mg under normal
moisture while 33.8 and 16.3 mg were noted for LB-391 in
both stress conditions (Table 4).
Shoot weight:Shaheen attained maximum shoot weight of
752.5, 193.7 and 132.5 mg under normal and both the stress
conditions but CP 15/2 produced minimum shoot weights of
103.7 mg in control conditions. The genotype, ALDL-18
gained 83.8 and 48.8 mg under 25% and 50% stress
conditions respectively (Table 4).
Relative water content (RWC): Significant decline inRWC
among 49 varieties of cotton was observed under water
stress conditions in this study. There were highly significant
differences (P≤0.01) among the genotypes in moisture levels.
In control conditions, Shaheen exhibited highest RWC while
H-469 contained lowest RWC. Highest RWC was found in
Shaheen and lowest RWC in LB-391 in 25% stress condition.
Ali Akbar 802 and C-26 contained lowest RWC in 50%
stress level (Table 5).
Excised leaf water loss (ELWL): Highly significant
differences were found between treatments as well as
genotypes for ELWL. The highest ELWL was found in
Shaheen under normal moisture level in contrast SA-100 and
TADLA-32 had lowest ELWL. Again Shaheen showed
highest ELWL in 25% and 50% water stress condition whilst

lowest value of ELWL was found in LB-391 in both the
stress levels (Table 5).

Table 5.Relative water content and excised leaf water
loss of upland cotton under control and water
stress conditions

Genotypes RWC ELWL
Cont-
rol

25%
Stress

50%
Stress

Cont-
rol

25%
Stress

50%
Stress

ALDL-18 0.49 0.43 0.14 0.024 0.0140 0.0068
CP 15/2 0.51 0.27 0.17 0.026 0.0062 0.0040
KZ-189 0.48 0.39 0.25 0.021 0.0180 0.0120
Shaheen 1.19 0.63 0.50 0.075 0.0570 0.0270
LB-391 0.64 0.10 0.07 0.014 0.0009 0.0001
Royal Smooth 0.53 0.23 0.09 0.014 0.0039 0.0001
Menufi 0.51 0.28 0.18 0.011 0.0064 0.0054
PB-900 0.40 0.62 0.45 0.021 0.0290 0.0150
Alseemi 151 0.44 0.32 0.24 0.015 0.0100 0.0055
H-469 0.30 0.29 0.21 0.011 0.0026 0.0022
E-288 1.17 0.38 0.26 0.067 0.0160 0.0110
Die-Xie-King 0.48 0.40 0.23 0.019 0.0120 0.0055
Hg-2 0.36 0.29 0.22 0.016 0.0110 0.0077
UKAB-2 0.61 0.51 0.36 0.016 0.0130 0.0100
Hg-HN-134 0.46 0.41 0.39 0.014 0.0130 0.0110
XL-1 0.47 0.47 0.34 0.018 0.0130 0.0100
AC-134 0.50 0.48 0.38 0.022 0.0180 0.0018
KZ-181 0.54 0.41 0.29 0.018 0.0130 0.0110
FH-113 0.47 0.43 0.25 0.012 0.0100 0.0049
Qualandri 0.45 0.45 0.32 0.014 0.0140 0.0093
LH-72 0.43 0.29 0.23 0.027 0.0150 0.0039
TADLA-32 0.48 0.55 0.45 0.009 0.0240 0.0150
Coscot-B-2 0.42 0.34 0.23 0.013 0.0062 0.0043
SA-100 0.62 0.37 0.26 0.008 0.0051 0.0032
Z-293 0.49 0.26 0.22 0.015 0.0059 0.0052
GH-2-1-75 0.43 0.38 0.28 0.017 0.0096 0.0065
FH-941 0.47 0.45 0.32 0.013 0.0110 0.0078
VH-282 0.54 0.38 0.21 0.010 0.0056 0.0032
VH-259 0.48 0.38 0.31 0.011 0.0100 0.0058
Brycot 0.57 0.14 0.11 0.018 0.0035 0.0012
UCD-581 0.34 0.20 0.13 0.011 0.0033 0.0029
Linea-100 0.40 0.32 0.27 0.014 0.0082 0.0070
289 F/1 0.40 0.22 0.13 0.013 0.0042 0.0029
Cedix-1176 0.61 0.45 0.36 0.018 0.0150 0.0110
NS-131 0.71 0.31 0.25 0.030 0.0078 0.0026
L-S-S 0.44 0.38 0.27 0.026 0.0066 0.0055
Coker 3113 0.41 0.40 0.27 0.020 0.0180 0.0068
Ali Akbar 802 0.74 0.31 0.20 0.039 0.0011 0.0004
IR-3701 0.72 0.34 0.27 0.035 0.0057 0.0048
C-26 0.43 0.36 0.20 0.012 0.0083 0.0075
Ali Akbar 703 0.44 0.39 0.29 0.011 0.0076 0.0044
Hg-142 0.39 0.30 0.16 0.015 0.0057 0.0049
TH-41-83 0.36 0.34 0.23 0.013 0.0120 0.0110
Glandless(Rex) 0.40 0.38 0.25 0.012 0.0081 0.0038
Alrasham 0.37 0.30 0.24 0.024 0.0120 0.0088
SB-149 0.53 0.43 0.42 0.019 0.0150 0.0140
KZ-191 0.62 0.39 0.34 0.026 0.0088 0.0056
Lasani-15 0.39 0.52 0.42 0.013 0.0220 0.0140
A-619 0.62 0.45 0.31 0.019 0.0120 0.0049
Means 0.51 0.36 0.26 0.020 0.0140 0.0069
SE 0.02 0.01 0.09 0.001 0.0010 0.0006
CV 0.33 0.28 0.03 0.640 0.7700 0.7000
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DISCUSSION

Firstly, efficient screening is pre-requisite for the
identification of tolerant genotypes against biotic and abiotic
stress, and these genotypes are used as basis of breeding
program. Secondly, the presence of genetic variability in
plant material is necessary for effective selection, and finally
the identification of traits which are directly related to yield
in stress conditions. In the present experiment 49 varieties of
cotton are grown under watered (control) and stress
conditions in glasshouse for the assessment of root and shoot
length, and other drought related traits. Previous researchers
like Loffroy et al. (1983), Ball et al. (1994), Pace et al.
(1999) and Iqbal et al. (2010) screened cotton germplasm at
seedling stage for drought tolerance.
The presence of significant genetic variation in 49 genotypes
in water stress condition suggests the utilization of
information of root and shoots related traits in breeding
program (Al- Hamdani and Barger, 2003). Although shoot
and root length was remarkably reduced due to water stress
but differences between accessions were amenable.
Performance of most of the cotton varieties is significantly
affected due to water stress except Shaheen and PB-900 that
showed consistency for root and shoot length in control and
both the stress conditions. The reduction in
performance/response for root and shoot traits is due to
limited supply of water (Pace et al., 1999; Pettigrew, 2004b).
It is also observed that root length of tolerant genotypes
were longer than the susceptible ones (Basal et al., 2005),
root related traits are directly associated with water stress
tolerance, as studied in rice (Nguyen et al., 1997) and cotton
(Iqbal et al., 2010). The same trend was seen in our study i.e.
IR-3701(Dr Mehboob-ur-Rahman, personal communication)
Shaheen, and Ali Akbar- 802 are found to be stress tolerant
genotypes (Anonymous, 2014), and these varieties exhibited
better root traits under water stress environments, which
explains the reason of their stress bearing capability
(Mambani and Lal, 1983). Root related traits are also used
for the development of salt tolerance in grasses by Leim etal.
(1985) and Ashraf etal. (1986). Although roots are more
sensitive than shoot traits even then it is reliable indicator for
tolerance against salt and water stress (Bhatti and Azhar,
2002). Mean values of RWC and ELWL under control and
stress conditions indicated the reduction in response with the
increase of stress. Genotypes having high RWC are desirable
because they are better adapted in dry environments (Malik
et al., 2006; Parida et al., 2008). For instance, sorghum
exhibited a smaller decrease in RWC per unit change in leaf
water potential than cotton and maize (Ackerson and Krieg,
1977; Levitte, 1980). Earlier studies support our finding that
maintenance of higher RWC is a strong and dependable
screening criterion for the identification of drought tolerant
genotypes (Matin et al., 1989; Ritchie et al., 1990).

For ELWL, Shaheen is found to be potential genotype
among the 49 varieties, and this parameters is utilized by
several plant researchers as amenable trait for drought
resistance (Clarke and Townley-Smith 1986; Clarke, 1987;
Clarke et al., 1992). One of reason for difference of ELWL
in cotton varieties is due to variation in thickness of cuticle
layer (Haque et al., 1992). The present study reveals the
presence of genetic variation in root related traits grown
under water stress conditions, and there identified tolerant
lines could be used in breeding program. In addition, it is
suggested that cotton researcher should conduct another
study on vast area in water deficit areas of Punjab province
to assess the potential of identified varieties for yield of seed
cotton and other related traits.
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