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Abstract

Drought tolerance is the major area of thrust nowadays, due to the water scarcity and climate change scenario, around
the globe. Looking for the novel cotton germplasm tolerant to drought is an important breeding objective of the major
breeding programs. On the basis of these grounds, 42 cotton varieties were evaluated for their genetic potential to
perform under limited water conditions (60% field capacity). The germplasm was subjected to the seedling stage
drought stress, to observe genetic variation within germplasm for various traits related with drought stress viz. shoot length
(cm), root length (cm), excise leaf water loss (ELWL) and relative water contents (RWC). These traits were used as stress
indicators and significant variation was observed for these estimates. Among the seven tolerant accessions, DPL-26 and 149F
were identified as the highly tolerant due to their least SSI estimates for most of the characters studied. Likewise among the
susceptible lines, FH-1000 and NF-801 were identified as highly susceptible. Our studies showed the presence of genetic
variability for the trait of interest and it exhibits its potential for exploitation in the future breeding for drought tolerance. ©

2015 Friends Science Publishers
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Introduction

The production potential of major agricultural crops is
hampered seriously due to non-availability of irrigation
water in arid and semiarid regions of the world (Nawaz et
al., 2013). Various soil surveys indicate that major land area
of the world is either completely desert (64%) or suffering
from severe water shortage and is categorized as dryland
(57%) drought (FAO, 2000).

Low yield, in all arable regions, is due to the adverse
effects of water stress (Henry and Lehouerou, 1996). It
signifies the need for the development and characterization
of new cotton germplasm for subsequent exploitation in the
cotton breeding programs targeting this economically
important trait. Pakistan is also not an exception to this
situation; therefore, breeding for drought tolerance is also an
important breeding objective in the country. Upland cotton
(Gossypium hirsutum L.) is an important cash crop of
Pakistan which bring substantial amount of foreign
exchane to home. Although various factors related to
management policies are involved in the low productivity
but drought is the major future concern due to the
diminishing water resource of the country.

Existence of genetic variability in morpho-
physiological characters associated with stress tolerance can

be exploited successfully to cope with the stress. Various
additive and non additive genetic interactions are involved
to drive this trait (Ullah et al., 2008; Igbal et al., 2010).
Quantitative and complex genetics of this trait, in G.
hirsutum L., demands more consistent and focused efforts to
exploit it successfully in the breeding programs (Ullah et al.,
2008; Igbal et al., 2010).

Selection for morpho-physiological components of
drought, at the seedling stage, is of great importance
because tolerance, at this critical growth stage, contributes
to high yield of seed cotton (Longenberger et al., 2006;
Igbal et al., 2010). It is particularly true when the breeding
program is targeting the water stress tolerance (Khan et al.,
2008; Jajarmi, 2009; Qayyum et al., 2011). Among different
seedling traits, root characteristics play an important role for
carrying out different physiological processes for plant
growth such as uptake and assimilation of nutrients, stress
signals about water deficit stress and movement of water
from soil to plant (Rauf and Sadagat, 2008; Bibi et al.,
2012). Therefore, root length could be used for rapid and
early screening of large amount of germplasm against water
stress.

To screen large amount of germplasm, Fisher and
Maurer (1978) suggested the use of stress susceptibility
index (DSI/SSI) as an efficient and high through put tool to
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assess the genetic potential for drought tolerance. This tool
was used by different people, with slight modification, in
cotton and successfully identified the variation for this trait
(Cook, 1989).

During current study efforts were directed to use the
SSI as a high through put measure to assess the genetic
potential of 42 cotton cultivars for exploitation in the
drought tolerance program. Technique was used due to its
simplicity and high efficiency and consistency.

Materials and Methods

In the present studies, response of 42 cotton accessions
including varieties and breeding lines to water stress and
non-stress conditions was examined at seedling stage in
glasshouse (Table 1). Seeds of all the varieties were planted
during November, 2009 in polythene bags measuring 30 x
15 cm, filled with about 1.7 kg silt mixed with 100 g farm
yard manure(FYM). The pH of soil was 8.4, EC 1.2 dS m?,
saturation of the mixture (Soil + FYM) 38%. Thus, field
capacity of the soil-FYM mixture was 19%, being half of
the saturation percentage. All the bags were saturated to
field capacity before planting seeds. Seeds were soaked
overnight before sowing in the bags. Two seeds were sown
in each bag, and, after germination, were thinned to one
seedling. Recommended dose of nitrogen@0.25g urea was
applied to each bag after every 14 days (Murtaza, 2004).
Temperature in the glasshouse was maintained at
35°C/30°C (day/ night) using hot water circulation system.
Day light intensity was maintained at 2500 lux for 14 hours
with the help of electric lamps. Triplicate completely
randomized design was used in the glasshouse. Thirty
polythene bags of each accession were divided into two sets
i.e. non-stressed (To) and stressed (Ti) treatments
accounting for 5 bags per replicate. Growing seedlings in
each water regime were watered to 100% field capacity
daily till the development of first true leaf, and at this stage
water stress was imposed to plants (T1). When water content
in soil reached to maximum allowable deficit (MAD; that is
50% of the field capacity), non-stressed (To) seedling plants
were watered to 100% field capacity following Samarah
(2005), however, the seedlings, treated under water stress,
were irrigated to 60% of the field capacity. Polythene bags
were weighed daily, and seedlings were watered
accordingly when control plants reached to MAD. The
experiment was continued till full expansion of 3 main
stem leaf, and at this stage three fully expanded leaves of all
the varieties were evaluated for relative water content
(RWC) and excise leaf water loss (ELWL) in three
replicates. Soon after excision, fresh weight of leaves was
evaluated using digital electronic balance (KEISO KKI
71482, USA). The leaf samples were left on the bench in the
laboratory for six hours, and thereafter wilting weight of the
samples were taken. These leaf samples were dipped
overnight in water tank for recording turgid leaf mass. The
samples were oven dried weighted. RWC was calculated
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using the formula used by Alli et al. (2011).
RWC = [(Fresh mass —dry mass)/ (Turgid mass —dry mass)] x 100

ELWL was calculated as:
Fresh mass — wilted mass/dry mass (Ali et al., 2011).
Further five seedling of each accession grown under
non-stressed (To) and stressed (T1) conditions were gently
uprooted to avoid breakage of roots, and were separated by
cutting at the junction of root and shoot. Measuring tape was
used for the measurement of shoot and root lengths (cm),
and means of each variety assessed under both the water
regimes.

Stress Susceptibility Index (SSI)

SSl is a measure of stress resistance based on minimization
of yield loss under stress compared with that under optimum
conditions. It was used to characterize relative stress
tolerance of all genotypes according to the formula given by
Fisher and Maurer (1978):

SSI= [1-(Ys/Yp))/SI

Where, Ys = reading of character in water stress, Yp =
reading of character in control condition, while SI = stress
intensity was calculated as:

Sl=1-(Ys/Yp).

Where, Ys = mean of all genotypes in susceptible
condition, Yp = mean of all genotypes in control condition.

Molecular Marker Studies

Five most tolerant and five most susceptible cotton lines
were identified from a sample of 42 genotypes and they
were further used for genetic characterization to find out the
most diverge genotypes that will be exploited in further
breeding programs. For this purpose the PCR-based co-
dominant microsatellite markers (SSRs) were used. Few
young leaves of each genotype were collected at seedling
stage. DNA extraction was performed by CTAB method
(Murray and Thompson, 1980). DNA samples giving smear
in the gel were rejected. DNA dilutions were prepared from
stock samples in a concentration of 30 ng/uL with ddH.O
for SSR analysis.

For microsatellite analysis ten, out of twenty five,
primers of JESPR series were used to select five tolerant
and five susceptible cotton parents. PCR amplifications
were performed in Peglab (Germany) master cycler
gradient. Polyacrylamide gel electrophoresis was used to
resolve the SSR (PCR) fragments for further analysis. The
preparation of PAGE is as follows.

SSR Data Analysis

After gel electrophoresis good quality gel photographs were
used to score the all visible and unambiguously scorable
fragments amplified by SSR primers. The primers that
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produced polymorphic fragments were used in this study.
The PIC value of each SSR locus was also calculated using
the equation developed by Anderson et al. (1993).

n

PICi = 1 - 3P%j(pij is the frequency of the jth allele for locus i)
=1

Mean band frequency was computed by the following

equation:

MBF =n/N

Where n = number of plants carrying particular band
N = total number of varieties.

The genetic similarity between 10 genotypes of cotton
was estimated according to the method developed by Nei
(1973). Based on similarity data, an un-weighted pair group
method of arithmetic averages (UPGMA) cluster analysis
was used to assess genetic diversity among the germplasm
under observation.

Results

Mean squares obtained from analysis of variance of all the
characters (Table 1) showed highly significant (P< 0.01)
differences among the accessions and between the two
water regimes, and varieties responded differently to water
regimes as the interaction component (Var x W) was also
highly significant (P< 0.01) except root length which is
significant (P< 0.05).

Forty two accessions of cotton were assessed using
SSI estimates for four traits examined at seedling stage
(Table. 2). It had been suggested that cultivars with
smaller values had better tolerance to water stress than
those having bigger values (Fisher and Manurer, 1978).
The SSI of 14 accessions based upon four seedling traits is
given in Table 3.

The SSI estimates based upon shoot length ranged
from 0.51 to 1.57. The lowest estimate was found in cultivar
DPL-26 (No.40) followed by BH-124 (No.3), 149F (No.48),
NIAB-26 (N0.45), BH-118 (No0.43) and BH-160 (No.17)
with 0.59, 0.74, 0.77, 0.70 and 0.84 SSI, respectively, and
thus appeared to be more tolerant to water stress, whilst
genotypes showing higher SSI values (1.57, 1.51,
1.34,1.32,1.27 and 1.14) of FH-1000 (No.5), NF-801-2
(No.23), SLH-257 (No.7), BOU-1724 (No.29) ,CIM-446
(No.41) and S-12 (No.49), respectively were found to be
susceptible to water deficit condition.

For assessment of water stress tolerant and non-
tolerant accessions based upon root length data, cultivar
149F (No.48) had the lowest SSI value i.e. 0.20, whilst
the most suceptible variety was FH-1000 (No.5) with SSI
value of 2.42. The accession BH-160 (No.17), DPL-26
(No.40), BH-124 (No.3) and VH-55 (No.26) showed
moderate response to water stress, whilst the remaining
cultivars showing SSI >1 have shown greater susceptibility
to water stress.
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Based upon relative water content, the lowest SSI
estimates were 0.45 0.56, 0.72, 0.77 and 0.85 for BH-118
(No.43), NIAB-26 (No.45), DPL-26 (No.40), BH-124
(No.3), VH-55 (No.26) and 149F (No.48) respectively, thus
appeared to show their good response to water stress. The
highest SSI estimates of BOU-17-24 (No.29), FH-1000
(No.5), S-12 (No.49), CIM-446 (No.41), NF-801(No.23)
and SLH-257 (No.7) were 1.51, 1.45, 1.33, 1.32, 1.30 and
1.23 respectively, which indicated poor retention of water,
and thus may be categorized as the sensitive varieties to
water stress. When excised leaf water losses of 42
accessions were compared for assessing stress tolerance, it
was revealed that BH-118 (No.43) and VH-55 (No0.26) with
SSI values 0.77 and 0.83 were better tolerant than BH-160
(No.17) and NIAB-26 (No.45) which measured 0.85 and
0.90 respectively.

Genetic Similarities using Molecular Data

Genetic similarities using microsatellite data with selected
polymorphic primers were used (Unpublished data) to
assess the genetic relatedness and divergence among the
selected sample of ten cotton accessions. Genetic similarity
matrix of the within cotton accessions has been shown in
Table 4. Maximum genetic relatedness was observed
between genotypes BH-124 and BH-118 which showed
highest similarity coefficient i.e. 88.39%. The accessions
BH-124 and NF-801 were found least similar due to smaller
similarity coefficient (52.76%). The overall narrow genetic
base was observed among cotton genotypes used in this
study.

Discussion

Existence of genetic variability is prerequisite for the
improvement of any crop species. DNA based screening
techniques such as RAPD, SSR markers, micro arrays and
various biochemical markers have been used to access the
overall genetic diversity within crop species (Rauf et al.,
2010; ). These markers depicted polymorphism in neutral
and functional sites within the genome. The information has
been exploited for the selection of Parent for hetrotic or
transgressive breeding. Our studies showed narrow genetic
base in the selected (drought resistant and susceptible) 10
cotton accessions. Exploitation of similar types of the
parentages in establishment of transgressive segregation,
high selection pressure in establishment of progenies has
been found to be the major cause for the depletion of
genetic diversity within elite germplasm (Khan et al.,
2009; Rauf et al., 2012). Rauf et al. (2010) noted that
breeder selection for similar types of breeding goals
resulted in the substantial loss of alleles within breeding
population. Our results also showed that selection for
drought resistance resulted in the reduced nucleotide
polymorphism. However, within the selected group, few
accessions exhibited some genetic distance, which may be
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Table 1: Analyses of variance of four characters of G. hirsutum under two water regimes

Sources of variation Degree of freedom Root length Shoot length Relative water content Excise leaf water loss
Varieties (Var) 41 135.35™ 86.49™ 64.09™ 0.24™

Water regimes (W) 1 19.32° 628.51" 564.70™ 571"

Var x W 41 19.66 10.35™ 66.70™ 0.18™

Error 168 3.61 3.39 33.90 0.06

*, **: Denote differences, significant at 5% and 1% probability respectively

Table 2: Shoot and root lengths (cm), relative water loss and excise leaf water loss of 42 cotton varieties/lines measured

under two water regimes

Genotypes  SL- SL- Decrease SSI  RL-N RL-D Decrease
NDR(cm) DR(cm % (cm) (cm) %

SSI  RWC- RWC- Decrease SSI ELWL- ELWL- Decrease SSI
NDR DR % NDR DR %

CIM-240 16.25 1282 2111 059 2128 1925 954

BH-124 16.25 1282 2111 059 2128 1925 954

MNH-129  18.50 1120 3946 110 2213 1375 37.87
FH-1000 18.88 8.20 56.57 157 2063 815 60.49
SLH-257 22.25 1150 4831 134 2025 1210 40.25
LSS 12.63 7.52 4046 112 2288 1475 3553
VH-57 25.00 1242 5032 140 2000 1575 21.25
BH-147 20.25 1525 2469 069 2217 2015 911

MNH-93 20.75 1417 3171 088 1675 12.03 28.18
FH-925 21.88 1433 3451 096 2050 14.67 2844
MNH-513  19.75 1278 3529 098 1788 1314 2651
BH-160 18.00 1258 3011 084 1825 1680 7.95

S-14 20.75 1223 4106 114 1750 1255 28.29
FH-682 16.25 1114 3145 087 2700 1738 35.63
CIM-448 19.50 1152 4092 114 2425 2046 1563
NF- 801 24.50 1457 4053 113 1650 7.17 56.55
4F 19.25 1475 2338 065 1775 958  46.03
H-499-3 18.50 1133 3876 108 1475 10.00 32.20
VH-55 16.25 1275 2154 060 2012 17.92 10.93
B-557 18.63 1092 4138 115 2075 1550 25.30
BH-126 19.75 1105 4405 122 2175 16.83 2262
BOU-1724 21.00 1100 4762 132 1975 9.00 5443
OKRA-3101 27.25 1633 4007 111 1800 1216 3244
FH-87 21.25 1342 3685 102 1650 1290 21.82
MNH-554  19.00 1250 3421 095 2250 17.08 24.09
VH-54 16.50 1350 1818 051 1875 1650 12.00
CIM-707 22.00 1425 3523 098 2000 1325 3375
FH-634 17.25 1090 36.81 102 1975 17.00 13.92
FH-679 21.75 1275 4138 115 2125 16.67 2155
FH-938 21.00 1317 3729 104 2300 1825 20.65
REHMANI 22.25 1467 3407 095 1850 16.00 13.51
DPL -26 19.75 16.10 1848 051 2125 1950 824

CIM-446 23.00 1250 4565 127 2175 1125 4828
LRA-5166 18.75 1425 2400 067 1775 1610 9.30

BH-118 24.00 1792 2533 070 1945 17.00 12.60
VH-53 18.75 1142 3909 109 1575 1325 1587
NIAB-26  22.75 1642 2782 077 16.00 1385 1344
BH-116 17.00 1140 3294 092 2625 16.17 38.40
LINE-A-100 18.50 1117 3962 110 2050 1434 30.05

0.38 7386 52.00 29.60 1.18 2.02 136 3267 132
038 7576 62.03 1812 0.72 115 087 2435 1.00
151 7731 5794 2505 100 1.60 1.06 3375 137
242 7255 46.18 3635 145 237 146 3840 155
161 7370 5106 3072 123 185 124 3297 135
142 7862 6429 1823 073 171 121 2924 118
0.85 69.64 5547 2035 081 244 165 3238 131
036 8182 6795 1695 068 097 070 2784 112
113 6954 5559 2006 080 1.85 129 3027 123
114 6372 4895 2318 093 235 159 3234 131
106 6827 4926 2785 111 118 081 3136 126
032 8051 56.25 3013 121 118 093 2119 0.85
113 7286 5323 2694 108 093 059 3656 147
143 6991 5160 2619 1.05 142 102 2817 113
063 7281 56.71 2211 0.88 1.56 103 3397 139
226 8106 54.76 3245 130 130 079 3923 159
184 7219 5038 3021 121 143 105 2657 107
129 6965 5347 2323 093 112 074 3393 137
044 8643 69.89 1914 077 072 057 2083 0.83
1.01 6855 4893 2862 114 153 106 3072 124
090 7589 5058 3335 133 138 08 3768 151
218 66.92 4167 37.73 151 254 163 3583 146
130 7314 5650 2275 091 104 079 2404 096
087 7661 5338 3032 121 114 077 3246 132
096 7380 4580 3794 152 152 109 2829 113
0.48 8388 63.18 2468 099 093 068 2688 1.08
135 7217 4872 3249 130 136 098 2794 112
056 7320 60.58 1724 069 139 090 3525 144
086 7443 5476 2643 106 102 075 2647 1.09
0.83 68.13 5324 2186 087 225 153 3200 130
054 7355 6142 1649 066 1.67 112 3293 133
0.33 80.78 69.08 1448 058 107 078 2710 110
193 6738 4517 329 132 210 126 4000 162
037 79.02 6115 2261 090 128 099 2266 0.93
050 7251 6524 10.03 040 1.34 1.08 19.40 0.77
0.63 7669 62.70 1824 0.73 1.85 118 3622 147
054 7195 6191 1395 056 093 072 2258  0.90
154 8001 60.26 2468 099 091 057 3736 150
120 7156 5589 2190 088 125 089 2880 118

149-F 19.13 1400 2682 074 2325 2210 4.95 020 7415 5846 2116 085 084 063 2500 1.03
S-12 17.88 1053 4111 114 1685 10.64 36.85 147 7474 4993 3320 133 204 151 2598 1.06
FH-901 16.75 1317 2137 059 2200 2033 7.59 030 7815 65.04 1678 067 121 091 2479 1.02
Mean+SD  19.69 1279 12.79 0.97 20087 15.01 20.08.01 74.22 5385D1 0.991.a47 102 7422 1.22
+2.88 +2.07 +0.26 +2.73 #3.58 +0.58 +4.88 +6.86 +0.27 #0.48 +0.30 +0.22

Where +SD= Standard deviation, RL=Root length, SL=shoot length, RWC=Relative water content, ELWL=Excise Leaf Water Loss, SSI=Stress

susceptibility index N=Normal water supply and D= Water deficit condition

utilized for the establishment of segregating population.
It has been suggested that the accessions with similarity
coefficient less than 65 can be highly informative for
future breeding crosses (Meredith, 2000).

Phenotypic evaluation of the germplasm offers an easy,
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cheaper and rapid method to identify the target source. The
phenotypic evaluation is an important resource in the hands
of breeders because of their high throughput and cost
economical nature. It has been identified earlier that seedling
stage is the most sensitive stage of plant growth, and thus

55.97
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Table 3: Stress susceptibility indices of 14 Gossypium hirsutum genotypes for four seedling traits measured in water stress

condition

Entry No. Varieties/lines SL(cm) RL (cm) RWC ELWL
3 BH-124 0.59 0.40 0.72 1.00
5 FH-1000 1.58 2.40 1.45 1.55
7 SLH-257 1.34 161 1.23 1.35
17 BH-160 0.84 0.32 121 0.85
23 NF- 801 151 2.26 1.30 1.59
24 4F 1.13 1.84 121 1.07
26 VH-55 0.65 044 0.77 0.83
29 BOU-17-24 1.32 2.18 151 1.46
40 DPL -26 051 0.31 0.58 1.10
41 CIM-446 1.27 1.93 1.32 1.62
43 BH-118 0.70 0.50 0.40 0.77
45 NIAB-26 0.77 0.54 0.56 0.90
48 149-F 0.74 0.20 0.85 1.03
49 S-12 1.14 1.47 1.33 1.06
Where RL= Root length, SL= Shoot length, RWC= Relative water content and ELWL= Excise leaf water loss

Table 4: Nei's genetic identity (above diagonal) and genetic distance (below diagonal)

Pop ID 1 2 3 4 5 6 7 8 9 10

1 ke 0.8839 0.5276 0.7882 0.8018 0.7267 0.5833 0.7882 0.6670 0.7826

2 0.1234 ek 0.7107 0.9147 0.8189 0.7906 0.6285 0.8575 0.6860 0.7906

3 0.6393 0.3415 ek 0.8044 0.7252 0.6742 0.8040 0.8044 0.6581 0.6068

4 0.2380 0.0892 0.2177 ke 0.7130 0.8135 0.7276 0.8235 0.7059 0.7593

5 0.2209 0.1998 0.3213 0.3382 ok 0.6574 0.5345 0.9075 0.7130 0.7171

6 0.3192 0.2350 0.3942 0.2064 0.4195 faisiale 0.6708 0.7593 0.8135 0.8500

7 0.5390 0.4644 0.2181 0.3180 0.6264 0.3993 ok 0.7276 0.7276 0.5963

8 0.2380 0.1537 0.2177 0.1942 0.0971 0.2754 03180  *H** 0.8235 0.8135

9 0.4050 0.3769 0.4183 0.3483 0.3382 0.2064 0.3180 0.1942 faiaiaia 0.8677

10 0.2451 0.2350 0.4996 0.2754 0.3325 0.1625 0.5170 0.2064 0.1419 il

Where 1=BH-124, 2=BH-118, 3=NF-801, 4=149F, 5=SLH-257, 6=NI1AB-26, 7=FH-1000, 8=DPL-26, 9=S-12, 10=CIM-446

screening for stress tolerance at this stage has been targeted
in various crops like wheat (Gesimba et al., 2004; Farshadfar
et al., 2012), sorghum (Ali et al., 2011; Bibi et al., 2012) and
cotton (Cook, 1989; Longenberger et al., 2006; Ahmad et
al., 2009; Igbal et al., 2011). Present studies were also based
on the model used by these researchers.

During the present work, four drought related traits,
two morphological like root length and shoot length and two
physiological like ELWL and RWC, were used to study the
variation for this trait. SSI indicated the significant variation
among all the 42 cultivars under study. However seven
highly susceptible and seven highly drought tolerant, based
on SSI, were used for detailed elaboration. Under low
moisture stress shoot lengths of 42 varieties appeared to
differ greatly, and the decrease ranged from 18.48% to
56.93% in DPL-26 and FH-1000, respectively. On the basis
of stress susceptibility indices based upon shoot length
data, FH-1000 and NF-801 were found to be susceptible,
whilst DPL-26, VH-124, VH-118 and 149F were tolerant
varieties.

Drought tolerance, based on the reduction in different
characters of cotton plant under water deficit conditions
(Pettigrew, 2004; Longenberger et al., 2006; Igbal et al.,
2010) have used absolute values, for the performance of
drought related traits, under stress conditions, whereas
during present study both SSI and absolute values were used
to explain the drought tolerance and susceptibility. Such
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approaches are more reliable estimates for any germplasm
characterization program through conventional breeding.

Among the drought related morphological traits, root
length has been reported relatively more important measure
of the trait and thus may be used to measure the level of
tolerance of cotton varieties at seedling phase (Basal et al.,
2005). In the present investigation water stress sensitive
genotypes showed more reduction in root growth e.g. FH-
1000, NF-801 and BOU-17-24 whereas, drought tolerant
genotypes appeared to be relatively less affected under
moisture stress conditions. The accessions 149F, DPL-26
and BH-124 showed 4.9%, 7.9% and 7.9% reduction, under
drought stress, in root length respectively and were marked
as tolerant genotypes. The results of stress susceptibility
indices agreed with the absolute data of tolerant (149F,
DPL-26 and BH-124) and susceptible varieties FH-1000,
NF-801 and BOU-17-24.

Previously relative water content had been used by
Malik et al. (2006), Parida et al. (2008) and Ahmad et al.
(2009) and excise leaf water loss had been used by Basel et
al. (2005) to identify tolerant and non-tolerant crops for
moisture stress. In the present studies the stress
susceptibility index for relative water content and water loss
in excised leaf showed that varieties/lines differed from each
other and some of them were distinctly more tolerant than
the others. It was revealed that varieties with greater relative
water content had shown more losses of water in excised
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leaf, and in susceptible varieties RWC decreased due to
water stress as reduction in RWC, in tolerant varieties, had
been reported by Farooq and Azam (2002). Varieties
belonging to tolerant group maintained their superiority over
the susceptible ones for moisture stress tolerance as BH-
118, NIAB-26, DPL-26 and 149F showed the minimum
decrease in relative water content. However, contrary to
this, varieties BOU-1724, FH-1000, NF-801 and 4F were
found susceptible. Rauf et al. (2009) viewed that osmotic
adjustment is increased with the increase in root length, and
thus plants showed more tolerance under water deficit
conditions therefore, during the present investigation longer
root length of tolerant varieties might be due to higher
osmotic adjustment and retention of more water content in
plants, suggesting that root growth is a reliable indicator for
moisture stress tolerance in crops (Gesimba et al., 2004).
The data generated by some previous workers substantiate
our results (Malik et al., 2006; Ullah et al., 2008; Ahmad et
al., 2009; Igbal et al., 2011), which make the present
technique reliable and efficient for any drought screening
program.
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