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Abstract 
The present study was conducted in central cotton research Institute Sakrand to analyze the genetic variability, 
phenotypic, genotypic and environmental coefficient of variation, heritability and genetic advance during 
summer 2014. In this experiment analysis of variance indicated that significant variation present among the 
accessions of the upland cotton for all the traits under study. The highest genotypic (GCV) and phenotypic 
coefficient of variation (PCV) were exhibited by the number of bolls per plant, lint index and seed cotton yield 
per plant. GCV had similar trend as PCV. High heritability and high genetic advance was observed in the lint 
index, number of bolls per plant and seed cotton yield per plant. The combination of the high heritability and 
high genetic advance provide the clear image of the trait in the selection process. 
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1. Introduction: 
Cotton is grown in more than 60 counties worldwide and is an important source of natural fiber globally Cotton. 
Cotton is also famous for it’s named as “queen of fiber plants” and white gold. It is very much necessary to 
understand the gene action and pattern of inheritance of the traits to choose a suitable breeding methodology for 
crop improvement (Vineela et al., 2013). Effective breeding program depends upon the variation present in the 
gene pool for the yield enhancing traits. Selection is effective when magnitude of variability in the breeding 
population is enough.  

Cotton was grown in Sindh Pakistan before 2500 B.C. as Excavations of Mohen Jo Daro showed (Khan, 2003). 
Cotton is of great importance and has a pivotal role in the economy of the Pakistan. Most of our foreign 
exchange reserves come directly or indirectly through textile channel from cotton. So sustainable cotton 
production not only become imperative but we must find out the way to enhance the per acre yield to uplift 
cotton based economy. 

The identification and use of genotype with higher genetic potential is a continuous requirement for the 
production of better cotton. Efforts are going on to enhance the yield as well as the fiber quality. To achieve these 
objectives comprehensive studies to understand the genetic mechanism to control the plant characters under 
different environmental conditions is also necessary. 

The present research program was imitated to understand the genetic variation of different upland cotton 
accessions for yield and related traits. Heritability, Genetic Advance, Genotypic, Phenotypic, Environmental 
variance and response to the Selection also calculated.  

2. Materials and Methods 
The present study was conducted at Central Cotton Research Institute Sakrand, Sindh, PAKISTAN. The 
germplasm was comprises of CRIS-664, CRIS-665, CRIS-666, CRIS-667, CRIS-668, CRIS-669, CRIS-670 and 
CRIS-342. All accessions were sown with P×P distance 30 cm and R×R distance 75 cm with three replications. 
All agronomic practices were kept same for all the replications and treatments. At maturity ten plants were 
selected from each replication of each accession and data were recorded for plant height, number of bolls per 
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plant, boll weight, seed index, lint index, ginning out turn and seed cotton yield per plant. 

The data was subjected for analysis of variance (Steel et al., 1997). The genotypic and phenotypic correlations 
were calculated by Kwon and Torrie (1964) technique. The genetic advance in percentage of mean was 
calculated by using Falconer (1989) formula. ܿ݅ݐ݁݊݁ܩ	݁ܿ݊ܽ݅ݎܸܽ	ሺܸ݃ሻ ൌ ୋୣ୬୭୲୷୮ୣ	୑ୣୟ୬	ୗ୯୳ୟ୰ୣ	ሺୋ୑ୗሻି	୉୰୰୭୰	୑ୣୟ୬	ୗ୳ୟ୰ୣ	ሺ୉୑ୗሻ୒୳୫ୠୣ୰	୭୤	ୖୣ୮୪୧ୡୟ୲୧୭୬ୱ	ሺ୰ሻ                (1) 

݁ܿ݊ܽ݅ݎܸܽ	݈ܽݐ݊݁݉݊݋ݎ݅ݒ݊ܧ ൌ ݌ܸ	݁ܿ݊ܽ݅ݎܸܽ	ܿ݅݌ݕݐ݋݄݊݁ܲ ሻ                         (2)ܵܯܧሺ	݁ݎܽݑܵ݊ܽ݁ܯ	ݎ݋ݎݎܧ ൌ ܸ݃ ൅  (3)                                ݎ/ܸ݁

Genotypic Phenotypic and Environmental coefficient of Variation was calculated as ܸܥܩ% ൌ ට௏௚௑ത ൈ %ܸܥܲ ;100 ൌ ට௏௣௑ത ൈ 100; Eܸܥ% ൌ ට௏௘௑ത ൈ 100                  (4) 

Where, GCV% = Genotypic Coefficient of variation; Vg = Genotypic Variance; PCV % = Phenotypic 
Coefficient of variation; Vp = Genotypic Variance; ECV % = Environmental Coefficient of variation; Ve = 
Environmental Variance. 

Heritability (H2) on Entry Mean Basis was calculated as  ܪଶ ൌ ୚୮୚୥                                            (5) 

The expected Genetic Advance for each trait was calculated as  ܣܩ ൌ  ଶ                                        (6)ܪ݌ඥܸܭ

Where, K = 1.40 at 20% selection intensity for trait; Vp = Phenotypic variance for trait; H2 = Broad Sense 
Heritability of the trait; Genetic Advance as percentage of mean is calculated as, ܣܩ% ൌ	ீ஺௑ത 		×100                                   (7) 

3. Results and Discussions 
It is clear from the Table 1that significant variation present between the accessions for all the recorded traits. 
This variation is very important for the plant breeders and selection is effective when magnitude of variability in 
the breeding population is too enough. Table 2 depicted that the observation between the accessions were highly 
significant for all the recorded traits. Genotypic variance, genotypic coefficient of variance, phenotypic variance, 
phenotypic coefficient of variance, Environmental variance, and environmental coefficient of variance, broad 
sense heritability and response to the selection for eight recorded traits were shown in Table 3. The knowledge of 
nature and magnitude of the variability among the accessions for the traits is very important prerequisite for 
making simultaneous selection on more number of traits to make significant improvement in cotton. The analysis 
of variance indicted that the significant differences present among the accessions for all the traits. It is difficult to 
separate the heritable and non heritable variation making difficulty in selection for the breeders. Hence it is very 
necessary for the breeder to separate the heritable portion from the non heritable part to plan for proper breeding 
program. 

 

Table 1. Mean and Range performance of the traits among the G. hirsutum accessions 
Traits Minimum Maximum Average performance 

Plant Height (cm) 111 131 121.43 

No. of Bolls per plant 25.5 39 30.69 

Boll Weight (g) 2.96 3.774 3.51 

Seed Index (g) 6.45 8.63 7.54 

Lint Index (%age) 3.47 7.06 5.10 

Ginning Out Turn (%age) 30.67 46.01 39.59 

Seed cotton Yield per Plant (Kg) 83 125.42 107.03 

 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 2; 2015 

149 

Table 2. Analysis of variance of the different characters among the accessions of the G. hirsutum 

Source of Variation 
Degree of 

Freedom 

Plant 

height 

No. of Bolls 

per Plant 

Boll 

Weight 

Seed 

Index 

Lint 

Index 
G.O.T.% 

Seed Cotton Yield 

per Plant 

MSS 7 79.63** 79.63** 0.304** 1.77** 3.98** 61.61** 753.34** 

Error 14 1.19 1.38 0.0026 0.00022 0.03 0.65 2.83 

** Highly Significant at 0.01% level * Significant at 0.05% level. 

 

Table 3. Mean Sum of squares, genotypic, phenotypic and environmental variance and coefficient of variation, 
broad sense heritability and response to selection 

Trait G. Variance GCV % P. Variance PCV % E Variance ECV% (H2) GA GA as %age of Mean

Plant Height 130.60 9.4 131 9.4 1.19 0.89 0.9969 15.97 13.11 

Bolls/ Plant 79.17 28.99 79.63 29.07 1.38 3.8 0.9942 12.42 40.46 

Boll Weight 0.303 15.42 0.304 15.67 0.0026 1.4 0.9971 0.769 21.93 

Seed Index 1.76 9.4 1.77 9.4 0.00022 0.89 0.9999 1.86 24.67 

Lint Index 3.96 25.6 3.98 25.6 0.03 3.4 0.9974 2.78 54.51 

GOT% 61.39 17.6 61.61 17.6 0.65 0.19 0.9964 10.95 27.65 

yield/ Plant 752.39 19.7 753.34 19.8 2.83 2.01 0.9987 38.37 35.84 

 
Table 4. Potential donor accessions for yield and other recorded traits 

No. Characters Potential Donors 

1 Plant Height CRIS-666, CRIS-669, CRIS-670 

2 Number of Bolls/Plant CRIS-667, CRIS-670, CRIS-342 

3 Boll Weight CRIS-667, CRIS-668, CRIS-670 

4 Seed Index CRIS-666, CRIS-669, CRIS-670 

5 Lint Index CRIS-665, CRIS-666, CRIS-670 

6 G.O.T.% CRIS-665, CRIS-666, CRIS-670 

7 Seed cotton Yield/ Plant CRIS-667, CRIS-670, CRIS-342 

 

The trait seed cotton yield per plant exhibit the highest genotypic and phenotypic variance i.e 752.39 and 753.34 
respectively and followed by the plant height that have genotypic variance 130.60 and phenotypic variance 131. 
Lowest genotypic and phenotypic variance was recorded for the traits of boll weight and seed index i.e. 0.303 
and 0.304 for boll weight and 1.76 and 1.77 for the seed index respectively. The coefficient of phenotypic, 
genotypic and environmental variance was also calculated for all the traits under study. The genotypic coefficient 
of variance was ranged from 9.4% (Plant Height and Seed Index) to 28.99 (Number of Bolls per Plant). 
Maximum genotypic coefficient of the variation was observed for the number of bolls per plant (28.99%) 
followed by the lint index (25.6). Phenotypic coefficient of variation also had similar trend as genotypic 
coefficient of variation. In the present study there was a close correspondence between genotypic and phenotypic 
coefficient of variation for all the recorded traits it showed that these characters less influenced by the 
environment. Since the variation depends upon the magnitude of the measuring units of the traits, coefficient of 
variation is independent of the measuring units so it is more useful in comparing the population. The highest 
genotypic and phenotypic coefficient of variation observed for the trait number of bolls per plant, lint index and 
seed cotton yield per plant. It indicates that selection can be applied on the traits to isolate more promising line. 
Similar type of observations in upland cotton was also reported by the different scientists (Dheva & Potdukhe, 
2002; Preetha & Raveendran, 2007; Amir et al., 2012; Abbas et al., 2013). Moderate PCV and GCV were 
observed for the boll weight and ginning out turn. Girase and Mehatne (2002) and Harshal (2010) also noticed 
the moderate phenotypic and genotypic coefficient of variation for some traits and suggested that these 
characters can be improved by the vigorous selection. The traits such as plant height and seed index exhibited 
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low PCV and GCV which indicated that the breeders should go for source of high variability for these traits to 
make improvement. Similar type of suggestion was given by Kowsalya and Raveendran (1996), Do Thi Ha An et 
al. (2006) in their experiments. In a population observed variation is due to both factors i.e. genetics and 
environmental where as genetic variability is the only heritable from generation to the next generation so the 
heritability alone does not give an idea about the expected gain in the next generation but it has to be considered 
in conjunction with the genetic advance. The characters those exhibit maximum heritability and high genetic 
advance as percentage of mean could be used as powerful tool in selection process such characters are controlled 
by the additive genes and less influenced by the environment (Panes & Sukhatme, 1995). The broad sense 
heritability was highest for all the recorded traits. For efficient selection we cannot solely believe on heritability 
the combination of high heritability with high genetic advance will provide a clear base on the reliability of that 
particular trait in the selection of variable entries. The genetic advance as percentage of means for seven traits 
ranged from 13.11% to 54. 57%. The higher genetic advance as percentage of mean was recorded by lint index 
(54.57) followed by the number of bolls per plant (40.46), seed cotton yield per plant (35.84), ginning out turn 
(27.65), seed index (24.67), boll weight (21.97) and plant height (13.11). High heritability and high genetic 
advance was observed in traits viz. seed cotton yield per plant, lint index and number of bolls per plant. These 
traits highly reliable during selection process of the accessions. High heritability and moderate genetic advance 
was found in ginning out turn, seed index and boll weight these results confirmed by the experiment of 
Muhammad et al. (2004). In this experiment some accessions were identified as potential donors for the crop 
improvement of different traits (Table 4). From the results of the present study, it can be concluded that direct 
selection can be done for most of the yield attributing traits since it exhibited high genetic variability and high 
range of variation. A high PCV and GCV for the characters studied indicated that environment influences on the 
expression of these traits were minor.  
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