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ABSTRACT 
 
Oxidative stress is one of the most important consequences of drought stress in plants. Both enzymatic and non-enzymatic 
antioxidant systems are responsible to decrease oxidative injury in plant tissues. Fifteen different genotypes were sown in 
polythene bags (30 cm × 15 cm) following complete randomized design with three replications under normal and water stress 
conditions. After 45 days from sowing drought stress was induced by with holding irrigation for seven days. Normal regime 
was irrigated regularly. Simultaneous determination of chlorophylls, carotenoids and polyphenols were carried out to 
investigate the responses of cotton accessions to drought. As drought tolerant varieties have maximum amount of carotenoids 
and polyphenols and vice versa for susceptible varieties. We found that in cotton accessions, FH-113, PB-899 and MNH-789 
had maximum amount of carotenoids (mg/100 mL) (0.79), (0.69) and (0.66) and polyphenols (µg/g of leaf) (0.014), (0.012) 
and (0.011) under normal conditions, respectively. CIM-506, FH-901 and CRIS-466 had minimum amount of carotenoids 
(0.29), (0.34) and (0.39) and polyphenols (0.005), (0.006) and (0.007) under normal conditions, respectively. Therefore, cotton 
accessions FH-113, PB-899 and MNH-789 were found drought tolerant and CIM-506, FH-901 and CRIS-466 were found 
drought susceptible. Chlorophyll a and b and carotenoids were decreased and polyphenols were increased under water stress 
conditions in all the accessions. Tolerant accessions have good antioxidant defense system, which protects from drought, 
should be selected for further breeding programme. © 2011 Friends Science Publishers 
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INTRODUCTION 
 

Cotton is one of the most vital crops in the world 
in terms of economic value. Cotton is the most essential 
textile fiber worldwide as it currently accounts for 90% 
of the commercially grown cotton. Cotton is the 2nd 
most important oil seed crop in the world averaging one 
fourth that of soybean (Zhang, 2001; Jones & Kersey, 
2002). 

Faced with lack of water resources, drought is the 
solitary crucial hazard to world food security. The severity 
of drought depends on many factors like distribution of 
rainfall, evaporative demands and moisture storing 
capability of soils (Wery et al., 1994). Investigations carried 
out in the past provide significant impending into the 
mechanisms of drought tolerance in plants at molecular 
level (Hasegawa et al., 2000). Three main mechanisms 
lessen crop yield by soil moisture scarcity (i) reduced 
canopy absorption of photosynthetically active radiation (ii) 
decreased radiation-use efficiency and (iii) reduced harvest 
index (Earl & Davis, 2003). 

Development of crops for improved drought resistance 
entails the understanding of physiological mechanisms and 
genetic control of the contributing characteristics at different 
plant developmental stages. Significant work on drought 

tolerance has been done in plants (Ingram & Bartels, 1996). 
Drought stress results in photosynthetic reduction, which 
arises by a decrease in leaf expansion, impairs 
photosynthetic apparatus and associated decrease in food 
production (Wahid & Rasul, 2005). Drought stress 
influenced on photosynthetic pigments and components 
(Anjum et al., 2003), damaged photosynthetic apparatus (Fu 
& Huang, 2001). 

Carotenoids are among large class of isoprenoid 
molecules, which are synthesized by all photosynthetic and 
numerous non-photosynthetic organisms (Andrew et al., 
2008). They are separated into the hydrocarbon carotenes, 
such as lycopene and β-carotene or xanthophylls, typified by 
lutein (Jaleel et al., 2007). Oxidative damage caused by 
drought stress in the plant tissue is eased by an intensive 
action of both enzymatic and non-enzymatic antioxidant 
systems. These include β- carotenes, ascorbate, α-
tocopherol, reduced glutathione and enzymes including 
superoxide dismutase, peroxidase, ascorbate peroxidase, 
catalase, polyphenol oxidase and glutathione reductase 
(Prochazkova et al., 2001). Carotenes form a major part of 
the plant antioxidant protection system, but they are very 
sensitive to oxidative damage. β-carotene, found in the 
chloroplasts of all green plants is completely bound to the 
core complexes of PSI and PSII (Havaux, 1998). 
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Abiotic stress is the root cause of crop loss reducing 
average yield of most of the major crop plants by more than 
50% worldwide (Boyer, 1982; Bray et al., 2000). In the 
present investigations, 15 cotton accessions were analyzed 
to study biochemical responses involved to combat drought 
stress. These studies will provide important information that 
can be used for genetic improvement of cotton to boost 
yield and fiber quality under normal and water stress 
conditions. 
 
MATERIALS AND METHODS 
 
Plant material: Fifteen different genotypes CIM-506 (Most 
susceptible), FH-901 (Susceptible), CRIS-466(Susceptible), 
FH-167 (Moderately susceptible), CIM-707 (Moderately 
susceptible), CIM-496 (Moderately susceptible), CIM-541 
(Moderately susceptible), BH-160 (Moderately tolerant), 
FH-1000 (Moderately tolerant), N-111 (Moderately 
tolerant), MARVI (Moderately tolerant), CIM-554 
(Moderately tolerant), MNH-789 (Tolerant), PB-899 
(Tolerant), FH-113 (Most tolerant) were selected on the 
basis of survival rate. These cotton accessions were sown in 
polythene bags (30 cm × 15 cm), following complete 
randomized design with three replications under normal and 
water stress conditions. The irrigation was done on every 
alternate day with normal tap water. After 45 days from 
sowing, a drought cycle was induced by restricting irrigation 
for 7 days. Normal regime was irrigated regularly. 

The leaf samples from both normal and drought stress 
conditions were collected for estimations of various 
biochemical traits. For each estimation, tissues from leaves 
of different plants possessing the same position were 
included. 
Determination of chlorophyll and carotenoids: The 
contents of chlorophyll and carotenoids were analyzed. All 
pigments in sample were extracted with acetone at once, 
then absorbance of the extract was taken at 663 nm, 645 nm, 
645 nm, 505 nm and 453 nm with spectrophotometer at the 
same time. From these values, the contents of chlorophyll a, 
b and carotenoids were calculated using following equations 
(Nippon, 1992). 
 

Chlorophyll a (mg/100 mL) = 0.999A663-0.0989A645 
Chlorophyll b (mg/100 mL) = -0.328A663+1.77A645 
β – Carotene (mg/100 mL) = 0.216A663-1.22A645 -0.304A505+0.452A453 
 

A663, A645, A505 & A45 are absorbance at 663 nm, 
645 nm, 505 nm & 453 nm respectively. 
Total phenolic contents (TPC): TPC in cotton leaves were 
quantified by using the method illustrated by Waterhouse 
(2001). Folin Ciocalteu Reagent (2N), Na2CO3 were used as 
reagents while gallic acid was used as standard (100, 150, 
250 & 500 mg L-1 gallic acid) for making standard curve. 
The absorbance by gallic acid standards and moringa 
samples was noted at 760 nm by using UV-
spectrophotometer (UV-4000, O.R.I. Germany). 
Determination of morphological traits: Morphological 
traits viz. fresh root length (cm), fresh root weight (g), fresh 
shoot length (cm), fresh shoot weight (g), dry root weight 

(g), dry shoot weight (g) and root shoot ratio were 
measured. Fresh root and shoot length was measured by 
using a measuring tape while fresh root and shoot weights 
were taken by washing roots of each genotype carefully to 
free from sand and blotted dry fresh seedlings roots were 
weighed and fresh shoots were separated from the seedlings 
were weighed in grams by using an electronic balance. Dry 
root and shoot weights were taken by putting roots and 
shoots in Kraft paper bag and dried in an electric oven at 
65±5°C for 72 h. After drying, dry root weights were 
recorded by using an electronic balance. Root shoot ratio 
was obtained by dividing the fresh root weight to shoot 
weight. 
Statistical analysis: Analysis of variance was computed to 
compare the genotypes for each trait following complete 
randomized design. The difference among the treatments’ 
means was compared using LSD test at 5% level of 
probability (Steel & Torrie, 1996). 
 
RESULTS 
 

Physiological basis of drought tolerance and 
susceptibility 15 cotton accessions was carried out in a pot 
study. It was found that genotypes FH-113, PB-899 and 
MNH-789 had maximum amount of chlorophyll a (mg/100 
mL), (2.98), (2.89) and (2.81) under normal conditions, 
(2.89), (2.80) and (2.79) under water stress conditions, 
respectively (Fig. 1). CIM-506, FH-901 and CRIS-466 had 
minimum amount of chlorophyll (2.39), (2.42) and (2.44) 
under normal conditions, (1.97), (1.99) and (2.01) under 
water stress conditions, respectively. FH-113, PB-899 and 
MNH-789 had minimum amount of chlorophyll b under 
normal conditions and more amount of chlorophyll b under 
water stress conditions, respectively. CIM-506, FH-901 and 
CRIS-466 had maximum amount of chlorophyll b, (1.69), 
(1.67) and (1.65) under normal conditions and low value of 
chlorophyll b (0.99), (0.98) and (0.98) under water stress 
conditions, respectively. 
 FH-113, PB-899 and MNH-789 had maximum 
amount of carotenoids (0.79), (0.69) and (0.66) under 
normal conditions, (0.77), (0.67) and (0.64) under water 
stress conditions, respectively (Fig. 2). CIM-506, FH-901 
and CRIS-466 had minimum amount of carotenoids, (0.29), 
(0.34) and (0.39) under normal conditions, (0.18), (0.24) 
and (0.26) under water stress conditions, respectively. It was 
noted that chlorophyll and carotenoids were reduced under 
water stress conditions. FH-113, PB-899 and MNH-789 had 
maximum a/b ratio (2.15), (2.10) and (2.05) under normal 
conditions, (2.44), (2.35) and (2.32) under water stress 
conditions, respectively. It was noted that a/b ratio was 
increased under water stress conditions. Same trend was 
noted for polyphenols. It was noted that polyphenols were 
increased under water stress conditions. 

Analysis of variance for root length, shoot length, root 
weight, shoot weight, dry root weight, dry shoot weight 
and root shoot ratio under normal and water stress 
conditions showed significant results as depicted in Table I. 
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Mean performance of cotton genotypes (Table II) revealed 
that FH-113 had maximum fresh root weight (0.145 g) and 
(0.155 g) under normal and water stress condition, 
respectively. While CIM-506 had minimum fresh root 
weight (0.034 g) and (0.049 g) under normal and water 
stress conditions, respectively which was followed by FH-
113, PB-899 and MNH-789 showing maximum fresh root 
weight (0.140 g) and (0.120 g) under normal conditions, and 
(0.150 g) and (0.135 g) under water stress conditions, 
respectively followed by, CIM-506, FH-901 and CRIS- 466 
had minimum fresh root weight (0.050 g) and (0.060 g) 
under normal conditions, (0.055 g) and (0.070 g) under 
water stress conditions respectively. There was increase in 
root weight under water stress conditions. 

FH-113 had maximum root length (8.02 cm) and (8.51 
cm) under normal and water stress conditions, respectively 
(Table II). CIM-506 had minimum root length (4.71 cm) 
and (5.01 cm) under normal and water stress conditions, 
respectively followed by FH-113, PB-899 and MNH-789 
had maximum root length (7.02 cm) and (7.01 cm) under 
normal conditions, (7.52 cm) and (8.51 cm) under water 
stress conditions, respectively followed by CIM-506, FH-
901 and CRIS-466 had minimum root length (5.75 cm) and 
(6.31 cm) under normal conditions, (6.51 cm) and (6.52 cm) 
under water stress conditions, respectively. It was noted that 
there was increase in root length under water stress 
conditions. 

The cultivar FH-113 gained maximum shoot length 
(13.02 cm) and (12.01 cm) under normal and water stress 
conditions, respectively. CIM-506 had minimum shoot 
length (6.72 cm) and (6.01 cm) under normal and water 
stress conditions, respectively followed by FH-113, PB-899 
and MNH-789 had maximum shoot length (13.01 cm) and 
(10.51 cm) under normal conditions, (11.02 cm) and (8.01 
cm) under water stress conditions, respectively followed by 
CIM-506, FH-901 and CRIS-466 had minimum shoot 
length (8.53 cm) and (8.01 cm) under normal conditions, 
(7.22 cm) and (8.02 cm) under waters stress conditions, 
respectively. It was noted that there was decrease in shoot 
length under water stress conditions. 

PB-899 achieved the maximum root dry weight, 
(0.026 g) and (0.030 g) under normal and water stress 
conditions (Table III), while CIM-506 showed minimum 

Table I: F-value and coefficient of variation (CV %) of 
15 cotton genotypes for various seedling traits under 
normal and water stress conditions 
 
Trait Level F-value Error C.V% 

Normal 3.022** 0.5422 11.14 Root length 
(cm) Water stress 3.526** 0.5871 10.58 

Normal 20.707** 1.0240 7.04 Shoot length 
(cm) Water stress 16.344** 0.8525 7.11 

Normal 128.677** 0.0181 5.48 Root   weight 
(g) Water stress 142.837** 0.0187 4.81 

Normal 9.107** 0.0494 12.84 Shoot  weight 
(g) Water stress 3.466** 0.0370 15.23 

Normal 264.676** 0.0027 3.01 Dry   root 
weight (g) Water stress 124.480** 0.0031 4.35 

Normal 36.465** 0.0109 9.59 Dry shoot 
weight (g) Water stress 33.566** 0.0080 7.16 

Normal 20.166** 0.02758 3.88 Root   shoot 
ratio Stress 27.642** 0.0288 3.41 
 
Fig. 1: Chlorophyll a and b determination under 
normal and water stress conditions 
 

 
Fig. 2: Total β-carotenoids determination under 
normal and water stress conditions 
 

Fig. 3: Chlorophyll a/b ratio determination under 
normal and water stress conditions 
 

 
Fig. 4: Polyphenols determination under normal and 
water stress conditions 
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dry root weight (0.007 g) and (0.012 g) under normal and 
water stress conditions, respectively followed by PB-899, 
FH-113 and MNH-789 had maximum dry root weight 
(0.019 g) and (0.018 g) under normal, (0.030 g) and (0.020 
g) under water stress conditions, respectively. It was noted 
that there was increase in dry root weight under water stress 
conditions. 

FH-113, PB-899 and MNH-789 have root shoot ratio 
of (0.615), (0.667) and (0.540) under normal, (0.708), 
(0.682) and (1.061) under water stress conditions, 
respectively (Table III). CIM-506, FH-901 and CRIS-466 
have root shoot ratio of (0.700), (0.673) and (0.785) under 
normal, (0.833), (0.900) and (0.814) under water stress 
conditions, respectively. However, MNH-789 a drought 
tolerant variety has maximum root shoot ratio of (1.061) 
under water stress conditions. It was also observed that root 
shoot ratio was increased under water stress conditions. 

Correlation between β-carotenoids and total 
chlorophyll contents were non-significant under normal 
conditions, while highly significant under water stress 

conditions. The relationship between β-carotenoids and 
polyphenols, and total chlorophyll and polyphenols were 
highly significant under normal and water stress conditions 
(Table IV). Accessions (drought susceptible) CIM-506 and 
FH-901 had negative correlation between β-carotenoids and 
polyphenols, and total chlorophyll and polyphenols, and 
also are non-significant (Table V). Drought tolerant 
accession MNH-789 showed positive correlation between β-
carotenoids and total chlorophyll and drought tolerant 
accession FH-113 had positive correlation of β-carotenoids 
with total chlorophylls and polyphenols, and had also 
significant relationship (Table V). 
 
DISCUSSION 
 

Chlorophyll contents are reduced by water stress. 
Ashraf et al. (1994) reported decrease in chlorophyll (a, b) 
and an increase occurred in chlorophyll a/b ratio under 
water stress. A pronounced effect of water stress is 
reduction in photosynthesis, which arises by impaired 

Table II: Mean and statistical significance of 52 days old seedling of cotton genotypes under normal and water 
stress conditions 
 

Root length (cm) Shoot length (cm) Root weight (g) Shoot weight (g) Genotypes 
Normal Water Stress Normal Water Stress Normal Water Stress Normal Water Stress 

CIM-506 4.71 c 5.01 c 6.72 e 6.01 d 0.034 o 0.049 m 0.27 ef 0.26 c 
FH-901 5.75 bc 6.51 b 8.53 cd 7.22 c 0.050 n 0.055 l 0.30 de 0.27 c 
CRIS-466 6.31 b 6.52 b 8.01 d 8.02 bc 0.060 m 0.070 k 0.21 f 0.31 c 
FH-167 5.92 bc 7.01 b 8.51 cd 8.11 bc 0.065 l 0.070 k 0.27 ef 0.27 c 
CIM-707 6.41 b 7.21 ab 8.52 cd 8.01 bc 0.070 k 0.075 j 0.29 def 0.27 c 
CIM-496 6.51 b 7.22 ab 8.71 cd 8.51 b 0.075 j 0.080 i 0.30 de 0.28 c 
CIM-541 6.72 ab 7.31 ab 8.81 cd 8.41 b 0.080 i 0.090 h 0.35 cde 0.30 c 
BH-160 6.91 ab 7.21 ab 8.62 cd 8.01 bc 0.085 h 0.100 g 0.36 cd 0.31 c 
FH-1000 6.82 ab 7.01 b 8.51 cd 8.22 bc 0.090 g 0.115 e 0.36 cd 0.31 c 
N-111 6.74 ab 7.11 ab 9.01 cd 8.81 b 0.10 f 0.110 f 0.37 cd 0.32 c 
MARVI 6.83 ab 7.22 ab 9.51 bc 9.01 b 0.105 e 0.110 f 0.40 bc 0.35 bc 
CIM-554 6.92 ab 7.51 ab 10.21 b 9.02 b 0.110 d 0.120d 0.40 bc 0.32 c 
MNH-789 7.01 ab 8.51 a 10.51 b 8.01 bc 0.120 c 0.135 c 0.43 abc 0.30 c 
PB-899 7.02 ab 7.52 ab 13.01 a 11.02 a 0.140 b 0.150 b 0.50 a 0.40 ab 
FH-113 8.02 a 8.51 a 13.02 a 12.01 a 0.145 a 0.155 a 0.46 ab 0.45 a 
LSD 1.222 1.262 1.097 1.016 0.00288 0.00288 0.07457 0.0745 
 
Table III: Mean and statistical significance of 52 days old seedling of cotton genotypes under normal and water 
stress conditions 
 

Dry root weight (g) Dry shoot weight (g) Root shoot ratio Genotypes 
Normal Water Stress Normal Water Stress Normal Water Stress 

CIM-506 0.007 f 0.012 f 0.030 h 0.030 h 0.700 de 0.833 cd 
FH-901 0.010 e 0.015 e 0.080 a 0.080 a 0.673 e 0.900 b 
CRIS-466 0.014 d 0.016 e 0.037 g 0.038 g 0.785 ab 0.814 cd 
FH-167 0.014 d 0.016 e 0.040 f 0.038 g 0.694 e 0.862 bc 
CIM-707 0.013 d 0.015 e 0.060 e 0.058 e 0.750 abcd 0.901 b 
CIM-496 0.014 d 0.015 e 0.061 e 0.060 e 0.748 bcd 0.847 bcd 
CIM-541 0.015 d 0.016 e 0.060 e 0.058 e 0.759 abc 0.865 bc 
BH-160 0.018 c 0.020 d 0.062 de 0.060 e 0.801 a 0.899 b 
FH-1000 0.019 bc 0.022 c 0.060 e 0.058 e 0.801 a 0.854 bcd 
N-111 0.021 b 0.025 b 0.065 d 0.065 d 0.747 bcd 0.806 d 
MARVI 0.020 bc 0.022 c 0.070 c 0.065 d 0.716 cde 0.799 d 
CIM-554 0.018 c 0.020 d 0.065 d 0.060 e 0.677 e 0.831 cd 
MNH-789 0.018 c 0.020 d 0.063 de 0.050 f 0.667 e 1.061 a 
PB-899 0.026 a 0.030 a 0.010 i 0.070 c 0.540 g 0.682 e 
FH-113 0.019 bc 0.030 a 0.076 b 0.075 b 0.615 f 0.708 e 
LSD 0.002358 0.00167 0.00288 0.00289 0.04613 0.0482 
Means sharing same letters are similar at P ≤0.05 
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photosynthetic machinery. Changes were produced in 
photosynthetic pigments and components by drought stress 
(Anjum et al., 2003) and damaged photosynthetic 
machinery (Fu & Huang, 2001). It is also confirmed in our 
study that the increase in a/b ratio was smaller in tolerant 
genotypes than susceptible ones under water stress. It has 
been reported by many workers that under saline conditions, 
chlorophyll b decreases more than chlorophyll a, thus 
shifting the ratio in favour of chlorophyll a (Ashraf & 
Mehmood, 1990). The contents of cholorophyll a, b and 
carotenoids and total chlorophyll (a + b), cholorophyll a/b 
and Carotenoid/cholorophyll a + b ratios decreased in the 
leaves of the more drought-sensitive cultivar under drought 
conditions (El-Tayeb, 2006). 

β-carotene, not only function as an accessory pigment, 
but also as an effective antioxidant and plays an exclusive 

role in shielding photochemical processes and sustaining 
them (Havaux, 1998). A major defensive role of β-carotene 
in photosynthetic tissue may be through direct quenching of 
triplet chlorophyll, which restricts the production of singlet 
oxygen and protects from oxidative damage (Farooq et al., 
2009). Drought stress has the ability to decrease the tissue 
concentrations of chlorophylls and carotenoids (Havaux, 
1998; Kiani et al., 2008), mainly with the production of 
reactive oxygen species in the thylakoids (Niyogi, 1999; 
Reddy et al., 2004). Carotenoids of the xanthophyll family 
and some other terpenoids, such as isoprene or α-tocopherol, 
become stable and photo protect the lipid phase of the 
thylakoid membranes (Havaux, 1998; Sharkey, 2005; 
Velikova et al., 2005), in current study we found that 
chlorophyll a, b and total carotenoids were reduced under 
water stress. Chlorophyll b content increased whereas 
chlorophyll a remained unaffected resulting in a significant 
reduction in Chloropyhll a:b ratio in both cultivars under 
water limiting regimes (Ashraf et al., 1994; Anjum et al., 
2003). Plants protect cells and sub-cellular systems from the 
cytotoxic effects of these active oxygen radicals with both 
non-enzymatic and enzymatic antioxidant system such as 
carotenoids, ascorbic acid, α-tochopherol, peroxidase and 
catalase (Fu & Huang, 2001). In the current study water 
stress reduced the chlorophyll contents in all the genotypes. 
Reduction in chlorophyll may be due to slower synthesis or 
its quicker breakdown under drought stress (Majumdar et 
al., 1991). 

Phenolics play a variety of roles in plants as they are 
the most plentiful class of secondary metabolites. They act 
as powerful antioxidants in plant tissues under stress 
(Sgherri et al., 2004). They form the pigments in flowers 
and fruits, contribute to biotic and abiotic stress tolerance, 
provide UV shelter and have role in pollen fertility (Martens 
& Mithöfer, 2005). Reactive oxygen species scavenging 
ability of cotton genotypes differing in drought tolerance, 
cultivated in field conditions under water deficit conditions. 
Polyphenol species, carotenoids and proline act as powerful 
reactive oxygen species scavengers (Edreva 2005a & b; 
Leopoldini et al., 2006). 

Abiotic stresses stimulate production of various 
secondary metabolites (Wahid & Ghazanfar, 2006). 
Qualitative patterns of two cultivars considerably differed in 
polyphenol amount grown at normal irrigation supply. The 
drought-tolerant cultivar was illustrious by higher content of 
all polyphenol types than the sensitive cultivar, the 
divergence being mainly expressed in the fraction of 
quercetin-containing flavonoids. At water deficit conditions, 
the polyphenol compounds reduced in both cultivars. 
However, the reduction was less significant in the tolerant as 
compared with the sensitive cultivar (Yildiz-Aktas et al., 
2009). 

Water stress increased the concentration of plant 
phenolics (Meyer et al., 2003; Morales et al., 2005; Hura et 
al., 2006). Water stress can bring defensive mechanisms 
against the lethal action of radiation, which could be 
immersed and transformed by phenolic compounds into 

Table IV: Correlation among β-carotenoids, Chl (a+b) 
and polyphenols under normal and drought conditions 
 

β-carotenoids Varieties 
Chl (a+b) polyphenols 

Chl (a+b) vs 
polyphenols 

Control 
condition 

0.2850 
0.0577 ns 

0.7970 
0.0000 ** 

0.4368 
0.0027 ** 

Water  
stress 

0.8965 
0.0000 ** 

0.7583 
0.0000 ** 

0.7730 
0.0000 ** 

 
Table V: Correlation of 15 cotton genotypes among β-
carotenoids, Chl (a+b) and polyphenols 
 

β-carotenoids Varieties 
Chl (a+b) polyphenols 

Chl (a+b) vs 
polyphenols 

CIM-506 0.7080 
0.1154 ns 

-0.0209 
0.9685 ns 

-0.0978 
0.8537 ns 

FH-901 0.7125 
0.1121 ns 

-0.0743 
0.8887 ns 

-0.0405 
0.9392 ns 

CRIS-466 0.8163 
0.0475 * 

0.0381 
0.9428 ns 

0.0491 
0.9264 ns 

FH-167 0.8533 
0.0307 * 

0.5297 
0.2797 ns 

0.1212 
0.8191 ns 

CIM-707 0.8893 
0.0177 * 

0.6855 
0.1327 ns 

0.2844 
0.5848 ns 

CIM-496 0.8307 
0.0405 * 

0.5945 
0.2132 ns 

0.1729 
0.7431 ns 

CIM-541 0.7684 
0.0742 ns 

0.6681 
0.1469 ns 

0.3262 
0.5280 ns 

BH-160 0.4473 
0.3737 ns 

0.7435 
0.0902 ns 

0.3557 
0.4889 ns 

FH-1000 0.4878 
0.3263 ns 

0.4240 
0.4020 ns 

0.0277 
0.9583 ns 

N-111 0.7387 
0.0935 ns 

0.6249 
0.1846 ns 

0.3406 
0.5088 ns 

MARVI 0.8952 
0.0159 * 

0.7792 
0.0677 ns 

0.4226 
0.4038 ns 

CIM-554 0.2675 
0.6083 ns 

0.9658 
0.0017 ** 

0.0092 
0.9862 ns 

MNH-789 0.8130 
0.0492 * 

0.3218 
0.5339 ns 

-0.1726 
0.7436 ns 

PB-899 0.6673 
0.1476 ns 

0.7894 
0.0618 ns 

0.2726 
0.6011 ns 

FH-113 0.8395 
0.0365 * 

0.8665 
0.0255 * 

0.6175 
0.1914 ns 

Each cell contains double values in which upper value represents the 
correlation coefficient (r) and lower value represents probability at 5% 
* = significant at P≤0.05 
ns = non-significant 
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blue fluorescence that, in turn, could be exploited in the 
photosynthesis process as well as re-emitted as chlorophyll 
fluorescence (Bilger et al., 1997, 2001; Buschmann & 
Lichtenthaler, 1998), we found that polyphenols were 
increased in all cotton genotypes under water stress 
conditions. Increase in polyphenols contents in different 
tissues under stress has been observed in a number of plants 
(Muthukumarasamy et al., 2000). 

Fresh root weight was increased under water stress 
conditions. Roots are the chief plant organ for adaptation to 
water stress. Significant differences were found between the 
genotypes for all traits like shoot weight, root weight and 
root shoot ratios. There were no major interactions, 
however, between genotypes and experiments for all 
parameters except root-shoot ratios (McMichael & 
Quisenberry, 1999). The capability of a plant to alter 
significantly its root-shoot ratio may be only the sole part of 
the overall mechanism (Klepper et al., 1973) that a plant 
exploits to tolerate environmental stress. Soil moisture status 
affects the growth, shape, structure, physiological function, 
and water uptake characteristics of crop root system as well 
as root shoot ratio (Li et al., 2000; Yang et al., 2007). The 
growth of cotton (Gossypium hirsuturm L.) root systems is 
under genetic control. Quisenberry et al. (1981) evaluated 
35-days-old plants of exotic cotton germplasm in green-
house conditions and showed significant variation for 
taproot length and number of lateral roots. McMichael and 
Quisenberry (1991) also evaluated exotic cotton genotypes 
as well as modern cultivars grown in containers for 
approximately 60-70 days and studied  variability in root 
and shoot development. 

Genotypic variation was found when plants were 
exposed to water stress but not in the absence of water stress 
in root development. The data indicated that tolerant 
genotypes responded to water stress by increasing root 
length density and root weight density significantly 
(Heggestad et al., 1988). Soil water content can have a 
direct impact on the growth rate and distribution of roots. 
Rooting depth and density may boost in a drying soil 
(Klepper et al., 1973). 

Some evidence suggests that genetic variation exist in 
the response of roots to changes in soil water. Quisenberry 
et al. (1981) concluded that there was significant variation 
in root growth of a number of cotton accessions that was 
positively related with shoot dry weights in dry_land 
conditions. They also proposed that root growth potentials 
appeared to be significant traits in the adaptation of cotton to 
water stress conditions. Dry matter production was greatly 
reduced in cultivars grown under water stress, which could 
be a result of stomatal and non-stomatal restriction of 
photosynthesis under water stress conditions (Kaiser, 1987). 

In conclusion, accessions having more chlorophyll, 
carotenoids and better antioxidant defense system and 
polyphenols were drought tolerant. Chlorophyll, carotenoids 
are reduced and polyphenols are increased under water 
stress conditions. The information obtained from current 
study may be used to breed drought tolerant materials. 
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