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ABSTRACT. Research pertaining to genetic variability parameters,
heritability, and genotypic, phenotypic, simple, and environmental
correlations for various seedling traits in five elite advanced cotton
(Gossypium hirsutum L.) lines (FH-113, FH-114, FH-941, FH-942, and
FH-2015) and one check (CIM-496) was carried out during October and
November 2010 under greenhouse conditions at the Cotton Research
Institute (Faisalabad, Pakistan). Material was raised in plastic tubes with a
randomized complete block design replicated three times. Three drought
shocks were applied by withholding water from the tube-sown plants for
8-, 10-, and 12-day intervals. After 60 days of sowing, data on root/shoot
traits like root length (cm), shoot length (cm), root weight (g), shoot fresh
weight (g), lateral root number, root dry weight (g) shoot dry weight (g),
and total plant weight (g) were recorded. Considerable genotypic variations
existed between genotypes for all seedling characters. Higher broad-sense
heritability estimates were found for all traits studied. Maximum broad-

Genetics and Molecular Research 12 (1): 552-561 (2013) ©FUNPEC-RP www.funpecrp.com.br



Genotypic variability of Gossypium hirsutum 553

sense heritability coupled with high genetic advance in root length (0.99,
17.34), lateral root number (0.91, 2.89), and shoot length (0.90, 4.35)
suggested a potential for genetic improvement through breeding and
selection. The correlation coefficients among root length, shoot length,
root dry weight, fresh shoot weight, and total plant weight were positively
and significantly correlated; thus, they can be selected simultaneously as
drought tolerance selection indexes owing to the absence of undesired
relationships. Genotypes FH-942 and FH-113 had the lowest excised leaf
water loss during the first 4 h and also for the next 4 h. Therefore, these
two advanced lines (FH-942 and FH-113) with high initial water content
and lower excised leaf water loss had better adaptation to water stress.

Key words: Cotton; Drought; Root; Shoot; Heritability;
Correlation coefficients

INTRODUCTION

Water is one of the most important factors in crop production. Although water is the
most plentiful molecule on the surface of the earth, its availability strongly affects terrestrial
plant production (Pospisilova et al., 2000). Water shortage, the major factor limiting plant
growth and crop productivity worldwide, is anticipated to increase with the spread of arid
lands (Saranga et al., 2001). Furthermore, future climatic changes are expected to increase
risks of drought (Rizza et al., 2004). Cotton (Gossypium hirsutum L.) is an important cash
crop in Pakistan and is cultivated in warmer climates throughout the country. It sustains
millions of people in sectors such as agriculture, textile mills, ginning factories, and busi-
ness (Imran et al., 2011). The scarcity of irrigation water is increasing in Pakistan and has
reduced seed cotton yield per unit area. Water availability is decreasing, and demand for
irrigation water is increasing (Reddy et al., 1996). The effect of drought on growth, yield,
and quality characters is very serious (Alishah and Ahmadikhah, 2009). Decreasing ground
water supply and high-energy costs also affect the production of irrigated cotton. A num-
ber of studies have focused on modifying root systems to increase water use efficiency or
determining the effects of plant growth regulators on cotton roots for increasing drought
resistance (Pace et al., 1999; Howard et al., 2001). Root characteristics can be important
in determining the response of plants to drought. Water deficit not only decreases shoot
growth rate, plant height, and yield but also affects root growth. However, root growth is
less sensitive (McMicheal and Quisenberry, 1991). The variation within species allows the
identification of the desired genotypes for the trait(s) in question. Previous research has in-
dicated that variability for drought tolerance in crops is not extensive, but a few studies have
shown that variability in the genotypic responses to water stress does occur for example, in
wheat (Moinuddin et al., 2005), maize (Kamara et al., 2003), barley (Rizza et al., 2004), and
soybean (Hufstetler et al., 2007). These studies have revealed that varieties/cultivars in each
species differ from one another in their responses under water stress conditions, suggesting
that drought tolerance in these species can be improved through breeding.

The present study aimed to introduce desirable genotypes for commercial cultivation
in the Province of Punjab, Pakistan. For this purpose, various exotic germplasm lines with de-
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sirable traits were introduced and established in the gene pool of the Cotton Research Institute
(Faisalabad, Pakistan). Five elite advanced lines have been developed by crossing and selection.
These lines, in addition to one check variety, were included in this study to evaluate their root/
shoot parameters under water stress conditions. The primary objective of this research was to
investigate the differences in these traits among various genotypes under water stress and cor-
relate these parameters to drought tolerance. The second objective was to compare the excised
leaf water loss (ELWL) of these genotypes when grown under stressed conditions. This study
will help to understand the behavior of genotypes under prevailing environmental conditions.

MATERIAL AND METHODS

Five advanced lines, namely, FH-113, FH-114, FH-941, FH-942, and FH-2015, along
with one check variety, CIM-496, were planted in plastic tubes (75 cm tall x 12 cm wide; filled
with fine sand, roots easily washed) in October 2010. Five tubes of each genotype were planted
in three replications. Four seeds were sown in each tube, and thinning was carried out to 1
seedling per tube 10 days after germination. The experiment was conducted in a greenhouse
of the Cotton Research Institute (Faisalabad, Pakistan) with a 28°/35°C night/day temperature
and a 40/60% day/night relative humidity. A measured quantity of water was applied to the
tubes daily for the first 15 days after sowing. After 15 days, water was stopped for 8, 10, and
12 days. The tubes were fertilized with 2% liquid NPK thrice during the experimental period.
Micronutrients in liquid form (2%) were also sprayed twice on the 20th and 30th days of the
60-day experiment. The data for each genotype were recorded 60 days after emergence. Tubes
were removed from the greenhouse, and the plants were gently washed to remove all sand.
The plants were then spread on paper for determination of root length (cm), total plant weight
(g), shoot length (cm), and lateral root number. Plants were cut into roots and shoots, and fresh
root weight (g) and fresh shoot weight (g) were measured. The roots and shoots (tap and lateral
roots) were dried for 72 h at 60°C, and the dry weight was recorded. Genotypes were evaluated
for root dry weight and shoot dry weight. Fully expanded third main stem leaves were excised
from each replication. Each leaf was immediately weighed for initial leaf weight and then
place in a growth room under light at 30°C and 45% relative humidity. The rate of water loss
was determined for each leaf blade via weighing at 30-min intervals for 8 h. The samples were
dried for 24 h at 60°C, and the weight of the dried leaves was measured.

Data obtained from the experiment were analyzed with one-way ANOVA using M Static
version IV, and the response of each genotype to the water regimen was evaluated with one-way
ANOVA. Heritability in a broad sense was estimated according to the technique of Burton and
DeVane (1953). Genetic advance was calculated at 20% selection intensity (i = 1.4), using a
formula published by Poehlman and Sleper (1995). All correlations (phenotypic and genotypic)
were computed following the statistical technique prescribed by Kowon and Torrie (1964).
Genotypic correlations were tested against the double value of standard error of genotypic
correlations following the method described by Lothrop et al. (1985). Statistical significance of
phenotypic correlations was determined with the #-test as described by Steel and Torrie (1984).

RESULTS AND DISCUSSION

Mean values of all the root/shoot traits are shown in Tables 1 and 2. Line FH-942
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displayed the longest root length (65 cm), followed by FH-941 (59.33 cm), FH-113 (52.67
cm), FH-2015 (48.67 cm), CIM-496 (40.67 cm), and FH-114 (30.67 c¢cm). Line FH-114
had the highest lateral root number (21.33), and line CIM-496 had the lowest lateral root
number (14.33). Maximum root fresh weight was found in line FH-2015 (0.57 g), fol-
lowed by FH-942 (0.55 g). The lowest fresh root weight was seen in line FH-114 (0.39
g). Similar values for maximum dry root weight were found in lines FH-941, FH-942,
and FH-2015. In shoot trait measurements, maximum shoot length was shown by lines
FH-941, FH-942 (28.67 g) followed by the line FH-2015 (28.33 g). The genotype FH-113
displayed the highest total plant weight (2.76 g), followed by line FH-941 (2.21 g). Other
lines showed lower plant weights. Line FH-113 had the highest fresh weight and shoot dry
weight (2.32 and 0.26 g, respectively).

Table 1. Root characteristics of 5 advanced lines of cotton grown under greenhouse conditions at Cotton
Research Institute Faisalabad during 2010.

Genotype RL (cm) LRN RFW (g) RDW (g)
FH-113 52.67 18.33 0.44 0.07
FH-114 30.67 21.33 0.39 0.06
FH-941 59.33 19.00 0.46 0.08
FH-942 65.00 18.00 0.55 0.08
FH-2015 48.67 17.67 0.57 0.08
CIM-496 40.67 14.33 0.49 0.07

RL = root length; LRN = lateral root number; RFW = root fresh weight; RDW = root dry weight.

Table 2. Shoot characteristics of five advanced lines of cotton grown under greenhouse conditions at Cotton
Research Institute Faisalabad during 2010.

Genotype SL (cm) TPW (g) SFW (g) SDW (g)
FH-113 27.00 2.76 2.32 0.26
FH-114 22.33 2.09 1.72 0.16
FH-941 28.67 2.21 1.74 0.18
FH-942 28.67 2.03 1.48 0.20
FH-2015 28.33 1.99 1.42 0.17
CIM-496 21.00 1.62 1.13 0.19

SL = shoot length; TPW = total plant weight; SFW = shoot fresh weight; SDW = shoot dry weight.

Nour (1975) grew sorghum plants in pots filled with washed sand for 3 weeks,
after which wet root weight, root lengths, volume, and root shoot ratios were measured.
The relatively more drought-resistant cultivars had the greatest values for all the four
variables. A seedling drought-tolerance protocol was developed as a new method to select
drought-tolerant individuals from various genotypes subjected to sequential drought
cycles (Longenberger et al., 2006). Igbal et al. (2010) have studied shoot and root traits
under normal water and water stress conditions, and they concluded that the existence of
variability in cotton germplasm suggests that genetic improvement can be achieved through
selection and breeding provided that the variability is affected by genetic components.
Root mass under drought conditions is important in breeding for drought resistance (Hurd
and Spratt, 1975). Pace et al. (1999) and Basal et al. (2003) have measured root and shoot
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characteristics in cotton that correlate with drought tolerance. As the number of vascular
bundles increased, the height and branching intensities of lateral roots also increased
in 7-day-old seedlings of cotton germplasm (McMicheal et al., 1987). Quisenberg et al.
(1981) have reported significant variability in tap root length and a number of lateral
roots among 35-day-old exotic cotton germplasm grown in a greenhouse. McMicheal
and Quisenberg (1991) evaluated growing conditions for exotic cotton genotypes as well
as modern cultivars for 60-70 days and found significant differences in root growth and
branching. Plant breeders primarily use consistent and absolute cultivars along with public
germplasm in developing new cultivars, thereby adding new alleles from exotic genotypes
to expand genetic diversity. Liu et al. (2000) have surveyed the molecular variation in 97
cotton race stocks to determine the genetic distance of each race stock from typical G.
hirsutum cultigens using simple sequence repeat DNA markers.

ANOVA (Table 3) showed a significant difference among the 6 genotypes for all
traits studied. The index of transmissibility is used to predict progress from selection.
This index, in broad sense, shows the ratio of genetic variance to phenotypic variance.
High genetic advance predicts that a character is governed by additive genes and that
genetic variance is fixable and selection would improve character (Abbas et al., 2007).
Table 3 shows that all parameters had higher broad-sense heritability values. A high
transmissibility index of 0.776 to 0.992 indicated that traits were less affected by the
environment.

Table 3. Components of variance (CV), heritability (h?) and genetic advance (GA) estimates for
seedling traits.

Traits Genotype mean square (d.f. = 49) Error mean square (d.f. = 98) CV% h? (BS) GA

Root length (cm) 468.233 3.944 4.01 0.990 17.3430
Shoot length (cm) 35.467 3.389 7.08 0.904 4.3537
Lateral root numbers 15.422 1.389 6.51 0.910 2.8884
Fresh root weight (g) 1.377 0.062 5.16 0.955 0.9056
Fresh shoot weight (g) 0.489 0.010 6.16 0.979 0.5537
Total plant fresh weight (g) 0.419 7.294 8.07 0.930 0.4871
Dry shoot weight (g) 0.405 0.091 15.73 0.861 0.8392
Dry root weight (g) 1.455 0.203 6.17 0.776 0.3989

d.f. = degrees of freedom; BS = broad-sense. All traits were highly significant at o= 1%.

Genetic advance is the expected genetic gain during a single cycle of selection.
The maximum values for genetic advance were observed for root length (17.34) and shoot
length (4.35), whereas this value was minimal for dry root weight (0.399). Maximum
value for root length and shoot length indicated that these characteristics are governed
by additive genes and that selection may be effective (Singh and Narayanan, 2000). High
transmissibility index for root and shoot length along with the highest genetic advance for
these traits showed the presence of additive gene effects (Singh and Narayanan, 2000).
Assuming the predominance of additive gene effects, the traits are fixable, and for drought
tolerance, selection should be implemented on the basis of these two traits in the present
advanced line collection. Similar findings have been reported by Abbas et al. (2007) and
Loresto and Chang (1994). In our study, the genotypic, phenotypic (Table 4), and simple
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and environmental (Table 5) correlations were estimated for seedling traits of 6 advanced
lines of cotton (G. hirsutum L.). From these correlations at the seedling stage, we predict
that drought tolerance and ultimately yield in rapidly growing and deep-rooted genotypes
will be higher than those in slowly growing seedlings. Therefore, these correlation coef-
ficient estimates may be used for indirect selection at seedling stages for yield and drought
tolerance.

Table 4. Genotypic (rg) and phenotypic correlation coefficients (rp) for all seedling traits.

Traits (r) Rootlength Shoot Lateral root Freshroot Freshshoot Total plant Dryroot  Dry shoot
(cm) length  numbers  weight (g) weight (g) fresh weight (g) weight (g)
(cm) weight (g)
Root length (cm) r(g) 1.0000 0.9081*  -0.1486 0.5747* 0.1528 0.2891%  0.9549* 0.4489*
r(p)  1.0000 0.8474** -0.1357 0.5540* 0.1581 0.2874 0.8869**  0.3935
Shoot length (cm) r(g) 1.0000 0.2383* 0.5477* 0.3703* 0.5234*  1.0710* 0.2087
r(p) 1.0000 0.2138 0.5247* 0.3288 0.4619 0.9344**  0.2233
Lateral root numbers r(g) 1.0000 -0.5180 0.5966* 0.5493*  0.0565 -0.2168
r(p) 1.0000 -0.4939* 0.5528* 0.4926*  0.0961 -0.1899
Fresh root weight (g) r(g) 1.0000 -0.5282 -0.3844 0.6216* -0.1193
r(p) 1.0000 -0.5130%* -0.3584 0.5306* -0.0846
Fresh shoot weight (g) r(g) 1.0000 1.0000*  0.1549 0.7562*
r(p) 1.0000 0.9849%*  0.1239 0.6554%**
Total plant fresh weight (g) r(g) 1.0000 0.3192 0.8143*
r(p) 1.0000 0.2429 0.7026**
Dry root weight (g) r(g) 1.0000 0.1133
r(p) 1.0000 0.0500
Dry shoot weight (g) r(g) 1.0000
r(p) 1.0000

*Significant at a = 5%; **significant at o = 1%.

Table 5. Simple (s) and environmental (e) correlations for all seedling traits.

Traits (r) Root Shoot  Lateral root Fresh root Fresh shoot Total plant Dryroot  Dry shoot
length length numbers  weight (g)  weight (g) fresh weight (g) weight (g)
(cm) (cm) weight (g)
Root length (cm) r(s) 1.0000  0.7289** -0.1056 0.5110* 0.1701 0.2855 0.7627**  0.3167
r(e) 1.0000 -0.4445 0.1958 -0.2635 0.5659 0.4027 0.1382 0.0132
Shoot length (cm) r(s) 0.1748 0.5224* 0.2509 0.3707 0.7195**  0.2011
r(e) 0.0256 0.2389 -0.4418 -0.2256 -0.0905 0.3313
Lateral root numbers r(s) 0.4376 -0.4679 0.4030 0.1528 -0.1593
r(e) -0.1737 -0.2391 -0.0998 0.4117 -0.0546
Fresh root weight (g) r(s) -0.4768* -0.2751 0.3786 -0.5045
r(e) -0.0672 0.0704 -0.4139 0.1794
Fresh shoot weight (g) r(s) 0.9582**  0.0687 0.5045*
r(e) 0.7985 -0.3396 -0.0521
Total plant fresh weight (g) 1 (s) 0.1167 0.5088*
r(e) -0.4345 0.0874
Dry root weight (g) r(s) -0.0520
r(e) -0.2406
Dry shoot weight (g) r(s) 1.0000
r(e) 1.0000

*Significant at a = 5%; **significant at o = 1%.

Phenotypic correlations for root length-shoot length, root length-root dry weight,
shoot length-root dry weight, fresh shoot weight-total plant fresh weight and shoot dry
weight, and root dry weight-shoot dry weight were positive and highly significant. Simi-
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larly, genotypic correlation for these traits was positive and significant, indicating the need
for scope of selection (Sandhu and Kang, 1998). Subburamu et al. (1998) also reported that
yield was significantly and positively correlated with shoot length. Similarly, Natarajan
(1992) and Abbas et al. (2007) showed that yield was positively and significantly corre-
lated with leaf area, root length, and dry root weight in tomato. Similar findings have been
reported by Viera et al. (1995).

Simple correlation among the root/shoot parameters of advanced lines revealed
that root length exhibited a positive relationship with shoot length and fresh and dry root
weight. Similarly, shoot lengths were also positively and significantly associated with fresh
and dry root weight. In the same way, strong positive association existed among fresh shoot
weight, dry shoot weigh, and total fresh plant weight. These results showed that shoot
weight contributed more positively to total plant weight under water stress conditions.
Conversely, a significant negative correlation was found between fresh root weight and
fresh shoot weight, suggesting that root length, shoot length, fresh root weight, and dry
shoot weight can be chosen simultaneously as water stress tolerance selection criteria, as
no unwanted relationship was apparent among them. Basal et al. (2003) studied seedling
root/shoot parameter variability among genotypes. A number of morphophysiological traits
such as distance from the transition zone to the first main lateral root, tap root weight, the
number of lateral roots, seedling vigor, sensitivity of root system development, root-to-
shoot ratio (Cook, 1985), long tap root length (Pace et al., 1999; Ali et al., 2011), and leaf
water content (Leidi et al., 1999) have been suggested to be important in cotton.

ANOVA revealed significant genetic variation among various genotypes of cotton
with respect to initial water content (IWC) and lower ELWL after a 30-min interval for 8 h
and after 24 h (Table 6). Mean comparisons (Table 7) showed that FH-942 had the highest
initial excised leaf water content, followed by FH-113, FH-114, FH-2015, and FH-941,
whereas the lowest IWC occurred in CIM-496. The rate of water loss through transpira-
tion from excised leaves differed among the 6 genotypes for the first 4 h: it was lowest
in FH-942 at 30 min followed by FH-113 (30 min); FH-2015 (60 min); FH-114 (90 min);
FH-2015, FH-942, and FH-113 (120 min); FH-2015 and FH-113 (150 min); FH-113 and
FH-2015 (180 min); FH-2015 and FH-113 (210 and 240 min, respectively); FH-113 and
CIM-496 (270-300 min), and FH-942 and CIM-496 (480 min). After 24 h, the ELWL of
FH-942 and FH-113 were found to be 2.100 and 2.200 mg H,0-30 m"-mg dry weight,
respectively (Quisenberry, 1982). Thus, the data imply that genotypic differences exist
for IWC and ELWL. Reducing water loss through transpiration by closing stomata is a
short-term response of plants under water stress condition (Mansfield et al., 1990). There-
fore, our results indicate that genotypes FH-942 and FH-113 - having high IWC and low
ELWL - exhibited better adaptation to water deficit conditions. Information from these
experiments demonstrated genotypic differences for IWC and ELWL. Clarke et al. (1989)
have reported that accessions with low rates of water loss from excised leaves had higher
yields than those of accessions with higher rates of water loss from excised leaves when
grown under water-limited conditions. Excised leaf water loss had been widely used as a
selection parameter for drought tolerance in various crop plants (Bhutta, 2007; Ali et al.,
2009). If an extensive root system can be combined with the capability of maintaining
high leaf water content, the resulting genotype may have superior adaptation to dry land
environments. These inferences have also been drawn by Hurd and Spratt (1975).
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Table 6. Mean squares for initial water content (IWC) and excised leaf water loss (ELWL) at 30-min intervals.

Source df.  IWC (mgH,0/mg ELWL (mg H,0-30 m™"-mg dry weight")
dry weight)

30 min 60 min 90 min 120 min 150 min 180 min 210 min 240 min
Replications 2 0.04251%* 0.00042**  0.00109**  0.00037**  0.00121%* 0.00612** 0.00182**  0.00184** 0.00116%*
Genotypes 5 0.0172%* 0.09537**  0.03533**  0.04001**  0.02624** 0.05601** 0.05601** 0.02857** 0.04192%**
Error 10 0.00943 0.00138 0.00040 0.00144 0.00154 0.00190 0.00182 0.00335 0.00155
Source d.f. ELWL (mg H,0-30 m™-mg dry weight™)

270 min 300 min 330 min 360 min 390 min 420 min 450 min 480 min 24h

Replications 2 0.00152%* 0.00336**  0.00062* 0.00637**  0.00155%*  0.00174** 0.00065**  0.00261** 0.04055%*
Genotypes 5 0.05528** 0.03417**  0.00902**  0.05135%*  0.06934** 0.05698** 0.06157**  0.05006** 0.0336**
Error 10 0.00328 0.00634 0.00479 0.00421 0.00350 0.00177 0.00329 0.00283 0.00737

d.f. = degrees of freedom. *Significant at o = 5%; **significant at a. = 1%.

Table 7. Initial water content (IWC) and excised leaf water loss (ELWL) at 30-min intervals.

Genotypes  IWC (mg H,0/mg dry weight) ELWL (mg H,0-30 m"-mg dry weight™")
30 min 60 min 90 min 120 min 150 min 180 min 210 min 240 min
FH-113 3.260 0.183¢ 0.417¢ 0.487% 0.543¢ 0.667¢ 0.667¢ 0.733¢ 0.733¢
FH-114 3.250® 0.273% 0.357¢ 0.357¢ 0.633° 0.910° 0.910° 0.910° 0.910®
FH-941 3.200° 0.490° 0.463° 0.543° 0.667° 0.807% 0.807* 0.807% 0.947°
FH-942 3.330® 0.000¢ 0.320° 0.433¢ 0.557¢ 0.770° 0.770° 0.770> 0.770°
FH-2015 3.223%® 0.210% 0.213" 0.437¢ 0.537¢ 0.537¢ 0.537* 0.633¢ 0.633¢
CIM-496 3.320° 0.4332 0.517° 0.690* 0.777° 0.860 0.860® 0.860 0.860°
Genotypes ELWL (mg H,0-30 m'-mg dry weight")
270 min 300 min 330 min 360 min 390 min 420 min 450 min 480 min 24 h

FH-113 0.733¢ 0.733¢ 0.863° 0.863¢ 0.983¢ 0.983¢ 0.983¢ 1.160° 2.200°
FH-114 0.910® 0.910® 0.910% 1.183® 1.263° 1.263¢ 1.130° 1.263° 2.333®
FH-941 0.947%® 1.037¢ 1.023* 1.027¢¢ 1.173% 1.173% 1.237% 1.237% 2.203%
FH-942 0.987° 0.987® 0.97% 1.112° 1.122° 1.125° 1.1332 1.135° 2.100¢
FH-2015 0.633¢ 0.947® 0.947 1.077% 1.047¢% 1.047¢ 1.157< 1.157¢ 2.350%
CIM-496 0.860° 0.860" 0.943® 0.943¢% 1.120« 1.120% 1.1970 1.203% 2.390°

Means within column followed by the same superscript letters are not different at critical T value = 2.228, according
to the LSD test.

Success in drought-tolerant plant development programs is mostly based on the iden-
tification of drought parameters in a genotype and the selection of these promising genotypes
for cultivar development. The information regarding genetic variability and correlation with
desirable traits provides a reliable basis for crop improvement. Using our results and those of
the studies cited herein, we concluded that the advanced line FH-942 has high genetic poten-
tial and space for excellent performance under water stress conditions.
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