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Abstract 

 
The studies determining genetic variability and heritability in upland cotton were carried out 

in a randomized complete block (RCB) design with three replications during 2008 at the NWFP 
Agricultural University Peshawar, Pakistan. The breeding material comprised of eight Gossypium 
hirsutum cultivars viz., SLH-284, CIM-446, CIM-473, CIM-496, CIM-499, CIM-506, CIM-554 
and CIM-707. The cultivars manifested highly significant differences (p<0.01) for plant height, 
monopodia and sympodia plant-1 and seed cotton yield plant-1, while merely significant (p<0.05) 
for days to first flowering and boll weight. However, first internode length showed non-significant 
variation among the cultivars. The cultivar CIM-506 was found top promising by having maximum 
seed cotton yield plant-1, sympodia plant-1, short stature plants, and medium early maturity and boll 
weight as compared to other seven cultivars. The cultivars CIM-707 and CIM-554 also showed 
comparable yield contributing traits and seed cotton yield. The heritability broad sense (bs) was 
high for the traits days to first flowering (0.96), plant height (0.95), monopodia plant-1 (0.88), 
sympodia plant-1 (0.89), boll weight (0.97) and seed cotton yield plant-1 (0.91) while first internode 
length (0.36) revealed low heritability. For majority of the traits the genetic variances were also 
greater than environmental variances and were found high heritable. Therefore, the said breeding 
material has the room for further improvement of morpho-yield traits and can safely be used in 
future breeding programmes.   
 
Introduction 
 

Cotton (Gossypium hirsutum L.) being a major cash and industrial crop of Pakistan 
plays a key role in the boosting of national economy. It earns 45-60% foreign exchange 
depending upon the production and consumption. Besides earning huge amount of 
foreign exchange through its export, also providing fiber for inland textile industry. Apart 
from the great economic importance of cotton as a fibre crop, its share in edible oil is 
obvious from the fact that it contributes 65-70% to the local edible oil industry and feed 
(seed cake) for animals consumption (Khan et al., 2000; Khan, 2003; Khan et al., 2007a).  

Healthy cotton crop is a symbol of prosperity and strength for a nation. Pakistan is 
the fourth largest producer of cotton but our yield per unit area is still low due to 
multifarious factors like cotton leaf curl virus (CLCuV), pest attack, rains and floods as 
compared to other cotton growing countries (Khan et al., 2009a, 2009b). Cotton is grown 
on 12% of the total cultivated area in Pakistan. During 2007-08, cotton crop was grown 
on 3.054 million hectares and seed cotton production was 11.655 million bales with 
average seed cotton yield of 649 kg ha-1 (Anon., 2008). Cotton is considered as very 
sensitive and care needing crop. The cotton species and cultivars performance varies with 
location and mainly depending upon the environmental conditions.  
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Heritability and the genetic potential studies of different cultivars in form of their 
expression for different morpho-yield traits were earnestly needed for selection of 
parental lines for breeding programme (Badr, 2003; Khan, 2003, Khan et al., 2010). The 
yield is highly complex character and is directly influenced by the different 
morphological and yield contributing traits. Knowledge about the genetic potential of 
different genotypes and inheritance of the morphological and yield traits is indispensable 
for the breeders to tackle with the problems of low yield (Ahmad et al., 2008; Khan et al., 
2009a). Substantial genetic variances and high heritability estimates implied that 
characters could be improved through selection from segregating populations (Baloch, 
2004; Khan et al., 2000, Khan et al., 2009b). Heritability estimates (broad/narrow sense) 
were generally found to be high in magnitudes in intraspecific crosses of Gossypium 
hirsutum comparative to Gossypium barbadense crosses except for days to first flower 
and lint percentage (Esmail, 2007; Khan et al., 2010). Genetic variability for seed cotton 
yield was also reported by Terziev et al., (1996) Abouzaid et al., (1997), Khan (2003) 
and Khan et al., (2009a, 2009b).  

Copur (2006) determined the yield, its components and morphological traits of 
Gossypium hirsutum cultivars and observed significant variability. Soomro et al., (2005) 
also studied the seed cotton yield in upland cotton cultivars and found that the cultivars 
showed significant differences for yield of first pick and last pick. Khan et al., (2007b) 
also evaluated different G. hirsutum varieties for yield and other economic characters and 
observed significant variations for morphological and yield related traits. Therefore, a 
research project was planned to study the heritability broad sense (bs) and genetic 
potential in eight different G. hirsutum cultivars for different morphological and yield 
traits under climatic conditions of Peshawar, Pakistan. 
 
Materials and Methods 
 
Breeding material and experimental design: The experiment to study the genetic 
variability and heritability in upland cotton was conducted at NWFP Agricultural 
University, Peshawar, Pakistan. Peshawar lies between 34°, 02′ North latitude and 71°, 
37′ East longitude. The breeding material involved in present studies comprised of 8 G. 
hirsutum cultivars viz., SLH-284, CIM-446, CIM-473, CIM-496, CIM-499, CIM-506, 
CIM-554 and CIM-707 having broad genetic base and varied by date of release, pedigree, 
seed cotton and fiber yield as well as fiber quality traits. The seed of all these cultivars 
were hand-sown on May 15, 2008 in a randomized complete block (RCB) design with 
three replications. Each sub-plot has four rows, 8 meter long with plants and rows 
spacing of 30 and 75 cm, respectively. Thinning was performed twice after 15 and 25 
days of germination when the plant height was 10 and 20 cm, respectively to ensure 
single plant per hill. All the recommended cultural practices and inputs including 
fertilizer, hoeing, irrigation and pest control were applied same for all the entries from 
sowing till the harvesting and the crop was grown under uniform conditions to minimize 
environmental variations to the maximum possible extent. Picking was made during the 
months of November-December, 2008 on single plant basis. 
 
Traits measurement and statistical analyses: At the time of maturity, for recording of 
data and picking, 10 plants were randomly selected from central two rows (as borders 
rows were left due to border effect). The data were recorded on days to first flowering, 
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plant height, first internode length, monopodia and sympodia per plant, boll weight and 
seed cotton yield per plant. All the data were subjected to analysis of variance (ANOVA) 
techniques appropriate for RCB design through Mstatc computer programme as outlined 
by Steel & Torrie (1980) to compare the mean differences among cotton genotypes for 
different morpho-yield traits. The mean values of the genotypes for each parameter were 
further compared by using the least significant differences (LSD) test at 5% level of 
probability. Heritability broad sense (H2) was estimated according to Burton (1951) on 
entry mean basis. 
 

Vg H2 = VP 
 

M2 – M1 Vg = r 
 

VeVp = r + Vg 

 
 
Where 
M2  = Genotypic mean squares 
M1  = Error mean squares 
r     = Replication 
 
Results and Discussion 
 

According to analysis of variance (Table 1), the mean values for 8 cotton genotypes 
manifested highly significant differences (p≤0.01) for plant height, monopodia and 
sympodia per plant and seed cotton yield per plant. The mean values for days to first 
flowering and boll weight showed merely significant differences (p≤0.05). However the 
cultivars showed non-significant differences for first internode length.    
 
Days to first flowering: Days to opening of first flower varied from 47.67 to 54.00 days 
among cotton genotypes (Table 2). The cultivar CIM-473 manifested minimum days to 
flowering (47.67) and it was also found statistically at par with cultivar CIM-499 which 
got 48.67 days for having first open flower. However, the maximum days were taken by 
the cultivar SLH-284 (54.00 days) which was also at par with CIM-446 (53.00 days). 
Other cultivars have medium days to first flowering. Genetic and environmental 
variances for the days to first flower were 4.563 and 0.571, respectively. The heritability 
(bs) estimate for the days to first flower (0.96) was high (Table 4). Due to high values of 
genetic variance and high heritability, it concluded that the trait was found high heritable 
and has scope for further improvement in getting early maturity in some genotypes. 
Breeders also mostly interested in early cotton genotypes as to be readily fitted in the 
cropping system and to have wheat cultivation in time after picking of cotton. Khan 
(2003) Khan et al., (2009a) also studied earliness in upland cotton genotypes and found 
significant variations among genotypes and high heritability for the said trait. 
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Table 1. Mean squares and coefficient of variation for different traits  
of upland cotton during 2008. 

Mean squares Parameters 
Genotypes Error 

CV % 

Days to first flowering 14.286* 0.571 1.49 
Plant height 602.657** 31.455 4.57 
First internode length 0.036 N.S. 0.023 6.40 
Monopodia plant-1 0.535** 0.062 29.73 
Sympodia plant-1 9.551** 1.053 7.03 
Boll weight 0.152* 0.005 2.06 
Seed cotton yield plant-1 500.946** 45.161 8.11 
*, ** Significant at p≤0.05 and p≤0.01, N.S. = Non-significant, CV = Coefficient of variation 

 
Table 2. Genetic variability for days to first flowering, plant height, first internode 

length and monopodia per plant of upland cotton during 2008. 

Genotypes Days to first 
flowering 

Plant height 
(cm) 

First internode 
length (cm) 

Monopodia 
plant-1 

SLH-284 54.00 a 134.17 b 2.41 1.23 a* 
CIM-446 53.00 ab 136.30 ab 2.42 1.44 a 
CIM-473 47.67 f 109.73 d 2.28 0.27 c 
CIM-496 49.67 de 123.00 c 2.47 0.63 bc 
CIM-499 48.67 ef 112.27 d 2.33 1.27 a 
CIM-506 51.00 c 109.10 d 2.38 0.57 bc 
CIM-554 52.33 b 145.43 a 2.12 0.53 bc 
CIM-707 50.33 cd 112.17 d 2.41 0.73 b 
LSD(0.05) 3.82 9.822 N.S. 0.43 

*Means followed by a common letter in the respective column do not differ by LSD0.05.  
 

Table 3. Genetic variability for sympodia per plant, boll weight and seed cotton 
yield of upland cotton during 2008.    

Genotypes Sympodia 
plant-1 

Boll weight 
(g) 

Seed cotton yield 
plant-1 (g) 

SLH-284 15.17 ab 3.82 a 78.00 b* 
CIM-446 12.22 c 3.40 c 61.00 c 
CIM-473 11.90 c 3.40 c 70.00 bc 
CIM-496 14.20 b 3.58 b 91.00 a 
CIM-499 14.57 b 3.28 c 79.00 b 
CIM-506 16.93 a 3.33 c 96.00 a 
CIM-554 15.83 ab 3.74 a 94.00 a 
CIM-707 15.97 ab 3.83 a 94.00 a 
LSD(0.05) 1.797 0.1238 11.77 

*Means followed by a common letter in the respective column do not differ by LSD0.05.  
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Table 4. Genetic, environmental and phenotypic variances and heritability (bs) 
for different traits of upland cotton during 2008. 

Parameters  Vg Ve Vp Heritability (H2) 
Days to first flowering 4.563 0.571 4.753 0.96 
Plant height 190.401 31.455 200.886 0.95 
First internode length 0.004 0.023 0.012 0.36 
Monopodia plant-1 0.158 0.062 0.178 0.88 
Sympodia plant-1 2.833 1.053 3.184 0.89 
Boll weight 0.049 0.005 0.051 0.97 
Seed cotton yield plant-1  151.928 45.161 166.982 0.91 
Vg = Genetic variance, Ve = Environmental variance, Vp = Phonotypic variance. 

 
Plant height: Mean square data regarding plant height showed highly significant 
differences. Plant height varied from 112.17 to 145.43 cm among the cotton genotypes 
(Table 2). The highest plant height (145.43 cm) was observed in cultivar CIM-554. It was 
found statistically at par with cultivar CIM-446 (136.30 cm). Minimum plant height 
(109.10 cm) was observed in CIM-506. All other cultivars showed medium plant height. 
Genetic variances (190.401) were seven times greater than environmental variances 
(31.455) for the plant height (Table 4). The heritability (bs) estimate for the plant height 
(0.95) was also high. Due to high genetic variance and heritability, it revealed that there 
are better chances of improvement and getting shorter plants in some genotypes.  

Plant breeders are mostly interested in short stature plants due to lodging threat, but 
it has also been observed that plant height was found positively correlated with bolls per 
plant and seed cotton yield, if lodging didn’t occur (Khan et al., 2003; Khan et al., 
2009a), of the studies Khan et al., (2007a) also revealed that in upland cotton cultivars, 
the plant height and sympodia per plant were positively correlated with each other and 
also reported the genetic variability for plant height among different cotton cultivars and 
mentioned that plant height was found positively correlated with bolls per plant and seed 
cotton yield if lodging didn’t occur. Suinaga et al., (2006), Taohua & Haipeng (2006) and 
Meena et al., (2007) studied the stability and adaptability of G. hirsutum cultivars and 
observed varied values for plant height and other yield components.  
 
First internode length: First internode length was ranging from 2.12 to 2.47 cm among 
all the cotton genotypes. The mean values for first internode length (Table 2) were found 
non-significant. However, the minimum first internode length was observed in CIM-554 
(2.12 cm), and the maximum first internode length was recorded in cultivar CIM-496 
(2.47 cm). First internode length is contributing and showing early maturity when it has 
low value. Results revealed that the cultivars having early maturity have also higher yield 
as compared to cultivars having late maturity. Genetic variances (0.004) were smaller 
than environmental variances (0.023) for internode length (Table 4). The heritability (bs) 
for the first internode length (0.36) was also found low as the environmental variations 
play major role in manifestation of said trait and found little chances of improvement 
which may be due to nonsignificant variations among the cotton cultivars. 
 
Monopodia per plant: The vegetative branches per plant varied from 0.27 to 1.44 
among all the cotton genotypes. The lowest monopodia per plant (Table 2) were recorded 
in CIM-473 (0.27) which was also found statistically at par with three other cultivars viz., 
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CIM-554, CIM-506 and CIM-496 ranging from 0.53 to 0.63. Three cultivars viz., CIM-
446, CIM-499 and SLH-284 showed maximum monopodia per plant (1.23 to 1.44). 
Genetic and environmental variances for the monopodia per plant were 0.158 and 0.062, 
respectively (Table 4) and the heritability (bs) estimate for the said traits was high (0.88). 
It revealed that monopodia per plant were mainly controlled by genetic variances and 
there is an opportunity in the said genotypes for further decrease in vegetative branches 
as monopodia per plant is negatively correlated with seed cotton yield. Tyagi et al., 
(1996), Khan (2003) and Ahmad et al., (2008) obtained similar results and indicated 
variability for monopodia per plant. Monopodia per plant were mostly found negatively 
correlated with seed cotton yield in most of the literature, and that’s why breeder were 
interested in low number of monopodia per plant. The results also revealed that mostly 
the cultivars have low number of monopodia per plant have higher seed cotton yield. 
Therefore in breeding for higher yield preference should be given to less vegetative 
branches per plant.  
 
Sympodia per plant: The fruiting branches per plant were varied from 11.90 to 16.93 
among all the cotton genotypes. The maximum sympodia per plant (Table 3) were 
revealed by CIM-506 (16.93). However, it was found statistically at par with three other 
cultivars viz., CIM-707, CIM-554 and SLH-284 having 15.17 to 15.97 sympodia per 
plant. The lowest and statistically at par sympodia per plant were noticed in cultivars 
CIM-473 (11.90) and CIM-446 (12.22). Genetic and environmental variances for the 
sympodia per plant were 2.833 and 1.053, respectively (Table 4), while heritability (bs) 
estimate for the sympodia per plant was high (0.89). Results revealed that due to greater 
genetic variances and high heritability there is room for further improvement and increase 
in fruiting branches, because sympodia is positively correlated with boll number and seed 
cotton yield. Tyagi et al., (1996) and Khan et al., (2000, 2007a & 2009a) obtained similar 
results and indicated variability among upland cotton genotypes for this particular trait. 
Sympodia per plant have direct influence on seed cotton yield and most of the previous 
researchers noticed positive association of fruiting branches with seed cotton yield.  
 
Boll weight: Boll weight was ranging from 3.28 to 3.83 g among the said cotton 
genotypes (Table 3). The maximum and statistically at par boll weight was recorded in 
three cultivars viz., CIM-707, SLH-284 and CIM-554 with range of 3.04 to 3.83 g. These 
cultivars were also closely followed by CIM-496 (3.58 g). Four other cultivars (CIM-499, 
CIM-506, CIM-446 and CIM-573) showed lowest boll weight (3.28 to 3.40 g). Genetic 
and environmental variances for the boll weight were 0.049 and 0.005, respectively 
(Table 4). The heritability (bs) estimate for the boll weight (0.97) was high. The genetic 
variances were found greater than environmental variances and along with high 
heritability it authenticated that the cultivars have the potential to enhance the boll weight 
which is the second main contributor (after boll number) to seed cotton yield. Terziev et 
al., (1996) and Abouzaid et al., (1997), Ahmad et al., (2008) and Khan et al., 2009a also 
obtained similar proportion and variation for boll weight in relation to seed cotton yield 
in different upland cotton cultivars. Suinaga et al., (2006), Taohua & Haipeng (2006), 
Khan et al., (2007a) and Meena et al., (2007) studied the performance of cotton cultivars 
and observed varied values for boll weight. Khan (2003) also evaluated different G. 
hirsutum cultivars for yield and other economic characters and observed significant 
variations for boll weight and showed positive effect on seed cotton yield. Boll weight is 
also an important yield contributing trait and has direct effect on seed cotton yield. 
During selection of the genotypes, due respect should be given to the boll weight.  
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Seed cotton yield per plant: Data regarding seed cotton yield (Table 1) showed highly 
significant differences (p≤0.01) among the cotton cultivars. Seed cotton yield per plant 
varied from 61.00 to 96.00 g among the cotton genotypes (Table 3). The maximum and 
statistically at par seed cotton yield ranged from 91.00 to 96.00 g per plant was revealed 
by four cultivars viz., CIM-506, CIM-554, CIM-707 and CIM-494. These cultivars were 
also followed by SLH-284 (78.00 g) and CIM-473 (70.00 g). The lowest seed cotton 
yield was observed in cultivar CIM-446 (61.00 g) being also having low number of bolls 
per plant and boll weight which directly contributes to seed cotton yield. The cultivar 
having more sympodia per plant like CIM-506 has also shown maximum seed cotton 
yield, which also confirm positive association of these two traits. Genetic variances and 
environmental variances for the seed cotton yield were 151.928 and 45.161, respectively. 
The heritability (bs) estimate (Table 4) for the seed cotton yield was high (0.91). Results 
revealed that the seed cotton yield was mainly controlled by genetic variance due to it 
greater values and in presence of high heritability, there is an opportunity in the said 
genotypes for further improvement in seed cotton yield. 

Genetic variability for seed cotton yield was reported by Terziev et al., (1996), 
Abouzaid et al., (1997) and Khan et al., (2010). Copur (2006) and Khan et al., 2009a also 
determined the yield and yield components of G. hirsutum cultivars and observed 
statistically significant differences. Soomro et al., (2005) studied the seed cotton yield in 
upland cotton cultivars and found that cultivars manifested significant differences for 
yield of first and last pick. Khan (2003) and Khan et al., (2000, 2007a, 2007b) also 
evaluated different G. hirsutum cultivars for yield traits and observed significant 
variations for bolls per plant and boll weight and contributed significant variation and 
positive effect on seed cotton yield. 
 
Conclusion 
 

The cultivars high genetic variability and potential for majority of the traits can be 
used in future cotton breeding programs. CIM-506 was found top promising cultivar by 
having maximum seed cotton yield, sympodia per plant, short stature plants and medium 
early maturing and boll weight. The cultivars CIM-707 and CIM-554 also showed 
comparable yield contributing traits and seed cotton yield. Most of the traits were also 
found high heritable and showed less environmental influence on the traits. Therefore, the 
said breeding material can be safely used for further improvement of cotton yield related 
traits. It is also suggested to grow cotton during mid of April in Peshawar valley, so the 
crop may have more time for better growth and timely maturity. 
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