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ABSTRACT 
 

Present study was carried-out in the Department of Plant Breeding and 
Genetics, Sindh Agriculture University, Tandojam, Pakistan during 2012 to 
evaluate genetic potential of intra-hirsutum F2 populations for different 
polygenic traits. The experiment was conducted in RCBD with four replications. 
Eight segregating F2 populations alongwith seven parental lines were studied 
to determine genetic parameters such as genetic variances, heritability 
estimates in broad sense and genetic gains at 10 percent selection intensity. 
Mean performance of genotypes differed significantly for plant height, 
sympodial branches per plant, bolls per plant, boll weight, seed cotton yield per 
plant, lint percentage, seed index and fibre length. The results further revealed 
that among F2 progenies Bt. cotton × Sadori exhibited higher heritability,  more 
genetic variance and  greater genetic advances for bolls per plant (h2 = 75.17%, 
σ2g = 312.94, GA = 26.10), seed cotton yield per plant (h2 = 75.40%, σ2g = 
2981.84, GA = 83.45), lint percentage (h2 = 79.25%, σ2g=138.66, GA = 18.44) and 
seed index (h2 = 55.51%, σ2g = 5.24, GA = 3.00). It displayed substantial values 
of genetic parameters for other traits also. With respect to fibre length, CIM-496 
× Sadori population expressed maximum genetic variance (σ2g = 79.46) and 
high heritability (h2 = 75.17%) which was associated with greater genetic gains 
(GA = 13.60%). The study showed that most of the F2 progenies exhibited 
moderate to high heritability estimates, fair amount of genetic variance and 
appreciable amount of predicted genetic gains which suggest that characters 
were predominantly controlled by additive genes. So the breeding material 
under study could reliably be subjected to selection in subsequent generations 
of selfing for isolating the desirable segregants to improve all polygenic traits.  
 

KEYWORDS: F2 populations; heritability; genetic variance; genetic advance; 
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INTRODUCTION 
 

Increasing cotton production warrants the breeders to continue their efforts 
towards exploiting the available genetic stock through effective plant 
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improvement strategies. Both exotic and local germplasm may be evaluated 
advantageously for the desirable characters. For successful breeding 
programmes, cotton breeders need to collect information about the 
inheritance pattern of various plant traits of economic importance from 
segregating breeding material (34). Previously, many scientists remained 
attentive to determine the inheritance of metric traits like monopodial 
branches per plant, sympodial branches per plant, boll weight, lint percentage 
and seed cotton yield.  They observed that these characters were controlled 
by both additive and non-additive types of genes. The investigations of 
Ahmad et al. (2), Khan et al. (21), Saghir et al. (40) and Nadeem and Azhar 
(34) revealed additive type of gene action with partial dominance advocating 
all above mentioned traits. Such controversial results are frequently seen in 
the literature which may be due to breeding material evaluated and breeding 
methodology used (7). 
           
Plant breeders have now a lot of interest in using quantitative genetic 
analysis as most of the traits such as seed cotton yield, lint percentage and 
fiber quality are polygenic in nature. Quantitative traits have continuous 
variation in a population and can be altered significantly by suitable breeding 
procedures (38). Crop development requires breeders’ ability to identify and 
select good performing genotypes from a population. Some difficulties may 
exist when breeders make selections for quantitative traits which are largely 
affected by the environmental factors (22, 37). Heritability of various traits 
and genetic potential of different cultivars in the form of their expression for 
different morpho-yield traits are earnestly needed to select useful parental 
lines (27). Substantial genetic variances and high heritability estimates of 
yield traits implied such characters can be improved through selection from 
segregating populations (5, 6, 23, 24). Heritability estimates (broad/narrow 
sense) were generally found to be high in magnitudes in intra-specific 
crosses of Gossypium hirsutum L. as compared to Gossypium barbadense L. 
crosses except for days to first flower and lint percentage (12, 27). It also 
depends on the amount of genetic variability exists among different 
genotypes for various parameters. Heritability measures phenotypic variance 
which is attributable to genetic changes and is important consideration for a 
successful breeding programme. Association of heritability with genetic 
advance further helps understand the mode of inheritance of quantitative 
traits (17, 25, 4). For identification of superior genotypes or populations worth 
for genetic improvement, genetic variation is required in breeding  material 
(1, 28, 10, 9). However, there has been a problem when individual pants are 
crossed with broad genetic base material for creation of genetic variation 
followed by selection. Another reason is that quantitative traits are controlled 
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by many genes, and finding a genotype with desirable genes at all loci is very 
difficult task. To overcome this issue, it is better to make selections 
collectively on the basis of parental cultivar performance for the targeted 
traits and then proceed to attempt crosses. Sometimes, the expression of 
one trait (one gene) is often modified by the expression of other characters 
(other genes). In addition, gene linkage blocks are difficult to break up. 
However, variation in the natural environment can mislead breeders, thus 
environmental effects should be minimized through selection of locations, 
sampling procedures, and replicated screening of breeding material to control 
experimental errors (21, 43, 36, 24). 
 
Present research was carried out with the objective to estimate the genetic 
parameters, heritability estimates of yield and its components and fibre traits in 
upland cotton. 
 

MATERIALS AND METHODS 
 

This study was conducted in the Department of Plant Breeding and 
Genetics, Sindh Agriculture University, Tandojam, Sindh, Pakistan during 
2012 in sandy loam soil with 7.8 pH. The detail of parent lines and their 
crosses is given below: 
 

 Parents Crosses F2 Populations 
P1 CRIS-134 C1 CIM-496 × Sadori, 
P2 Sadori, Chandi C2 Bt. cotton × Sadori, 
P4 NIAB-78 C3 CRIS-134 × NIAB-78, 
P5 CIM-496 C4 Sadori × NIAB-78, 
P6 CIM-534 C5 Chand × NIAB-78, 
P7 Bt. cotton C6 CIM- 534 ×Sadori, 

  C7 Sadori × CRIS-134 
  C8 Chandi × CRIS-134 

 
All parents and F2 population were hand dibbled three seeds per hill. The 
experiment was laid out in a RCBD with four replicates. Before first irrigation, 
seedlings were thinned to one per hill to ensure uniform and reduced plant 
competition for optimum plant growth and development. The plant-to-plant 
and row to-row distance was maintained at 30 and 75 cm, respectively. All 
agronomic practices were done at proper time. Fertilizers N and P were 
applied @ 125 and 75 kg per hectare in the form of urea and DAP. Full dose 
of phosphorus with 1/3rd of nitrogen was applied at the time of land 
preparation while remaining nitrogen was applied at three equal split doses 
with first irrigation, peak flowering and boll setting stages. Other inputs like 
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irrigation were applied at proper times and insecticides as and when 
required. All cultural practices including weed eradication etc. were adopted 
uniformly in whole experiment throughout the growing period. Ten plants 
were randomly tagged from each replication per genotype, harvested 
individually and ginned on single plant roller gin machine for recording the 
following yield contributing and fibre quality traits. Data of following 
parameters were recorded:-  
 
1. Plant height (mm) 5. Seed cotton yield per plant (g) 
2. No. of sympodial branches/plant 6. Lint percentage 
3. No. of bolls per plant 7. Seed index 
4. Boll weight (g) 8. Staple length (mm) 

  
Statistical analysis: The analysis of variance was carried out according to 
Gomez and Gomez (13) to establish the level of significance among the 
genotypes. Least significant difference was used to determine the critical 
differences among the means of genotypes. The heritability estimates in broad 
sense and other genetic parameters in F2 generation of upland cotton were 
determined by adopting genetic analysis as suggested by Baloch et al. (8).  
 

RESULTS AND DISCUSSION 
 

Analysis of variance and mean performance  
 
The analysis of variance showed significant differences among the 
genotypes for all characters studied (Table 1). These results suggested that 
significant mean differences existed in the breeding material under 
evaluation. The data (Table 1) indicated that most of the F2 hybrids gave 
higher average values than their parents for all the traits studied. 
 
Table 1.  Mean squares from analysis of variances of intrahirsutum F2 populations for 

various polygenic traits. 
 

Source of variation Replications Genotypes Error 
D.F = 3 D.F = 14 D.F = 42 

Plant height 59.11ns 486.28** 23.08 
Sympodial branches/plant 2.19ns 14.84** 5.00 
Bolls/plant 56.95ns 135.21** 24.39 
Boll weight 0.102ns 0.257** 0.054 
Seed cotton yield/plant 203.17* 1058.45** 58.05 
Lint percentage 8.57* 11.01** 2.51 
Seed index 0.139ns 0.912** 0.124 
Staple length 2.46ns 3.19** 1.68 

*** = Significant at 1% and 5% probability levels respectively, ns= non-significant. 
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Plant height (cm): In cotton breeding, medium-tall plants with production 
capacity of setting higher number of bolls for obtaining higher yields are more 
desirable. Among parental lines NIAB-78 produced shorter plants (100cm), 
while Sadori recorded taller plants (135.00cm) as compared to other parents 
(Table 2). In F2 population, the shortest plants (126.00cm) were produced by 
C4, whereas C1 produced the tallest plants (150.00cm). 
 
Table 2. Mean performance of parents and their intrahirsutum F2 populations for various 

polygenic traits. 
 

Parents/F2 populations Plant 
height 
(cm) 

Sympo-
dial 

branches/ 
plant 

No. of 
bolls/ 
plant 

Boll 
weight 

(g) 

Seed 
cotton 
yield/ 

plant (g) 

Lint 
percent       

(%) 

Seed 
inde

x  

Staple 
length 
(mm) 

Parents 

P1 = CRIS-134 130.00 25.00 50.00 3.00 150.00 35.00 7.00 28.00 

P2 = Sadori 135.00 22.00 48.00 3.10 148.80 36.00 7.50 28.50 

P3 = Chandi 120.00 19.00 40.00 2.90 116.00 35.00 7.20 28.20 

P4 = NIAB-78 100.00 20.00 46.00 2.77 127.42 36.00 6.05 28.00 

P5 = CIM-496 110.00 18.00 41.00 2.82 115.62 37.00 5.00 27.50 

P6 = CIM-534 105.00 20.00 35.00 2.72 95.20 38.00 6.25 28.00 

P7 = B.T. cotton 120.00 22.00 42.00 3.50 147.00 39.00 7.00 27.50 

Average  117.14 20.85 43.14 2.97 128.57 36.94 6.57 27.95 

F2 populations 

C1 = CIM-496 x Sadori 150.00 26.00 58.00 3.20 185.60 39.00 7.50 29.00 

C2 = B.T. cotton xSadori 140.00 28.00 60.00 3.10 186.00 40.00 7.80 29.00 

C3 = CRIS-134xNIAB-78 135.00 26.00 48.00 3.00 144.00 41.00 7.50 30.00 

C4 = Sadori x NIAB-78 126.00 24.00 50.00 3.05 152.50 41.00 7.29 28.00 

C5 = Chandi x NIAB-78 138.00 23.00 55.00 3.00 165.00 40.00 7.00 29.00 

C6 =CIM-534 x Sadori 139.00 25.00 54.00 3.20 172.80 39.00 7.20 29.50 

C7 = Sadori x CRIS-134 129.00 28.00 49.00 3.25 159.25 41.00 7.80 28.80 

C8 = Chandi x CRIS-134 133.00 23.00 53.00 3.31 177.08 38.00 7.67 29.50 

Average  136.25 25.37 53.43 3.13 167.77 39.87 7.47 29.1 
LSD (at 5% probability 
level) 

6.85 3.19 7.04 0.333 10.87 2.26 0.503 1.85 

 
Number of sympodial branches: Are considered as fruiting branches on 
which the bolls are set in cotton plant, hence this trait contribute directly 
towards seed cotton yield. Cotton breeders are of the opinion that sympodial 
branches do serve as an important criterion for selecting high yielding cotton 
genotypes. In parental lines, sympodial branches per plant varied from 18.00 
(CIM-496) to 25.00 (CRIS-134), whereas progenies C2 and C7 produced higher 
number of sympodial branches per plant (28.00). However, lowest sympodial 
branches were produced by both C5 and C8 (23.00). 

 
Number of bolls per plant: Bolls per plant is a major component which 
directly influences the yield. Improvement in this trait will ultimately increase 
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seed cotton yield.  F2 progeny C2 set maximum number of bolls (60.00) 
followed by C1 (58.00). Number of bolls among parents-however, varied from 
35.00 (CIM-534) to 50.00 (CRIS-134) (Table 2). 

 
Boll weight (g): Boll weight mainly depends on boll size and has direct 
influence on seed cotton yield. An increase in boll weight causes 
corresponding increase in seed cotton yield. Cotton varieties with medium 
boll weight and more number are important contributors towards higher yields 
(19). F2 progeny C8 exhibited higher boll weight (3.31g) closely followed C7 
(3.25g). However,  parental  line  Bt.  cotton  showed  the  highest  mean   
value (3.50g).  
 
Seed cotton yield per plant (g): In crop plants, yield is the most important 
character among all the traits. In cotton, special attention is needed to 
enhance the yield because it plays a major role in improving socio-economic 
conditions of the growers. The results further revealed that seed cotton yield 
of parental lines varied from 95.20g to 150.00g, while almost all F2 progenies 
gave higher seed cotton yield per plant compared to their parents which 
ranged from 144.00g (C3) to 186.00g (C2) (Table 2). 
 
Lint percentage (%): Lint percentage is a complex polygenic trait which 
depends on lint weight and inflicts direct influence on seed cotton yield. 
Parental line Bt. cotton followed by CIM-534 ginned higher lint percentages 
i.e. 39.00% and 38.00% respectively, while progenies C3, C4 and C7 ginned 
maximum but equal lint percentage (41.00%).  
 
Seed index: For seed index, average values of parents varied from 5.00 (P2) 
to 7.50 (P5), whereas progenies exhibited mean values ranging from 7.00 
(C5) to 7.80 (C2 and C3).  
 
Staple length (mm): The staple length in parental lines ranged from 27.50 
mm (P5 & P7) to 28.50 mm (P2). However progenies gave fibre length in the 
range of 28.00 to 30.00 mm measured by C4 and C3, respectively (8). 
 
Genetic parameters 
 
The results of genetic parameters (Table 3) revealed that most of F2 

populations displayed moderate to high heritability estimates for most of the 
traits studied and were generally associated with greater genetic advances 
which indicated the presence of appreciable genetic variability in F2 
populations attributable to additive genes. 
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Table 3. The values of genetic variance (d2g), heritability percentage (h2
bs) and genetic advance 

(GA%) of intrahirsutum F2 progenies. 
 
Characters F2 progenies Genetic 

variance  
(σ2g) 

Heritability 
(h2%) broad 

sense 

Genetic 
advance  

(%) 
Plant height C1 = CIM-496 × Sadori 1555.06 50.83 49.47 

C2 = B.T. cotton × Sadori 1205.23 51.18 43.71 
C3 = CRIS-134 ×NIAB-78 1137.28 42.34 38.62 
C4 = Sadori  ×NIAB-78 917.23 44.96 35.74 
C5 = Chandi  ×NIAB-78 2135.51 18.61 35.08 
C6 = CIM-534  ×Sadori 1014.88 41.75 36.22 
C7 = Sadori  ×CRIS-134 1743.73 87.47 68.73 
C8 = Chandi  ×CRIS-134 1510.88 57.64 51.93 

Number of 
sympodial 
branches/plant 

C1 = CIM-496 × Sadori 69.99 67.66 12.11 
C2 = B.T. cotton × Sadori 53.41 63.07 10.21 
C3 = CRIS-134 ×NIAB-78 10.70 13.48 2.11 
C4 = Sadori  × NIAB-78 50.15 60.85 9.72 
C5 = Chandi  ×NIAB-78 16.38 18.04 3.02 
C6 = CIM-534  ×Sadori 12.70 13.82 2.33 
C7 = Sadori  ×CRIS-134 13.39 18.04 2.73 
C8 = Chandi  ×CRIS-134 40.33 63.39 8.90 

No. of bolls/ plant C1 = CIM-496 × Sadori 162.04 44.63 14.10 

C2 = B.T. cotton × Sadori 312.94 75.17 26.10 

C3 = CRIS-134 ×NIAB-78 158.09 63.22 17.60 

C4 = Sadori  ×NIAB-78 182.68 54.37 17.54 

C5 = Chandi  ×NIAB-78 139.91 36.82 12.63 

C6 = CIM-534  ×Sadori 174.92 65.50 18.83 

C7 = Sadori  ×CRIS-134 194.44 73.50 21.04 

C8 = Chandi  ×CRIS-134 60.40 18.41 5.86 

Boll weight C1 = CIM-496 × Sadori 0.63 50.00 0.98 

C2 = B.T. cotton × Sadori 0.71 58.68 1.13 

C3 = CRIS-134 ×NIAB-78 0.73 58.87 1.15 

C4 = Sadori  ×NIAB-78 0.60 53.10 0.99 

C5 = Chandi  ×NIAB-78 0.28 22.05 0.43 

C6 = CIM-534  ×Sadori 0.47 38.84 0.75 

C7 = Sadori  ×CRIS-134 0.44 36.97 0.70 

C8 = Chandi  ×CRIS-134 0.39 33.05 0.63 

Seed cotton 
yield/plant 

C1 = CIM-496 × Sadori 1785.47 48.99 52.05 
C2 = B.T. cotton × Sadori 2981.84 75.40 83.45 
C3 = CRIS-134 ×NIAB-78 957.14 39.29 34.13 
C4 = Sadori  ×NIAB-78 1714.47 59.07 56.01 
C5 = Chandi  ×NIAB-78 1677.25 48.33 50.10 
C6 = CIM-534  ×Sadori 1453.14 59.75 51.86 
C7 = Sadori  ×CRIS-134 848.96 34.74 30.22 
C8 = Chandi  ×CRIS-134       1586.42         64.37 56.24 

 
Table Contd.. 
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Characters F2 progenies Genetic 
variance  

(σ2g) 

Heritability 
(h2%) broad 

sense 

Genetic 
advance  

(%) 
Lint percentage C1 = CIM-496 × Sadori 131.66 75.25 17.51 

C2 = B.T. cotton × Sadori 138.66 79.25 18.44 
C3 = CRIS-134 ×NIAB-78 135.38 68.24 16.91 
C4 = Sadori  ×NIAB-78 69.53 40.54 9.34 
C5 = Chandi  ×NIAB-78 93.30 59.58 13.12 
C6 = CIM-534  ×Sadori 49.96 30.66 6.88 
C7 = Sadori  ×CRIS-134 66.53 45.34 9.66 
C8 =Chandi  ×CRIS-134 26.53 15.79 3.60 

Seed index C1 = CIM-496 × Sadori 3.93 50.97 2.49 
C2 = B.T. cotton × Sadori 5.24 55.51 3.00 
C3 = CRIS-134 ×NIAB-78 4.27 52.33 2.63 
C4 = Sadori  × NIAB-78 4.03 52.27 2.55 
C5 = Chandi  × NIAB-78 2.40 25.18 1.36 
C6 = CIM-534  × Sadori 4.20 44.12 2.39 
C7 = Sadori  × CRIS-134 2.99 31.67 1.71 
C8 = Chandi  × CRIS-134 4.40 46.17 2.50 

Staple length C1 = CIM-496 × Sadori 79.46 75.17 13.60 
C2 = B.T. cotton × Sadori 56.59 60.97 10.33 
C3 = CRIS-134 ×NIAB-78 52.78 58.43 9.77 
C4 = Sadori  × NIAB-78 51.28 55.99 9.43 
C5 = Chandi  × NIAB-78 36.94 43.85 7.08 
C6 = CIM-534  ×Sadori 43.37 54.47 8.55 
C7 = Sadori  × CRIS-134 58.02 69.72 11.19 
C8 = Chandi  × CRIS-134 59.13 70.12 11.33 

  
Plant height (mm): Plant height indicated that sufficient genetic variability 
was present in F2 populations yet low, moderate and high heritability 
estimates ranged from 18.61 to 87.47 percent coupled with fair to high 
amount of genetic gains ranging from 35.08 to 68.73 percent. F2 progenies, 
C7 manifested the highest heritability percentage (87.47) that was associated 
with high genetic advance (68.73 percent) while progeny C5 gave the lowest 
heritability estimates (18.61%) and lowest genetic advance (35.08%). Most of 
the progenies exhibited moderate heritability estimates coupled with 
appreciable amount of genetic advances. In consonance to present findings, 
Hafiz et al. (14), Muhammad et al. (31), Hussain et al. (15) and Batool et al. 
(10) recorded higher genotypic variability, moderate to high heritability 
coupled with greater genetic advances for plant height. Higher estimates of 
heritability with remarkable genetic advances indicated that plant height was 
predominantly governed by additive gene effects and direct selection may be 
effective for improving this trait (41). 
 
Number of sympodial branches: For sympodial branches, about half of the 
F2 displayed higher genetic variability and remaining half showed lower 
genetic variances as compared to environmental variances resulting in low to 
high  heritability  estimates  ranging  from  13.48  to  67.66  percent (Table 3). 
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However, F2 progenies displayed low to fair amount of genetic advance which 
varied from 2.11 to 12.11 percent. Among the progenies, C1 and C4 exhibited 
higher heritability estimates of 67.66 and 63.39 percent and were associated 
with fair amount of genetic advances 12.11 and 8.90 percent, respectively. 
These results agree to those of Hafiz et al. (14), who estimated low to 
moderate heritability related with low genetic advance for sympodia per plant. 
Jatol (18) also recorded high heritability percentages, fair amount of genetic 
variance and sufficient amount of genetic advances for sympodia per plant. 
Batool et al (10) also observed high heritability percentage in upland cotton 
genotypes for number of sympodial branches per plant (Table 3). 
 
Number of bolls per plant: With respect to bolls per plant, data (Table 3) 
revealed that greater part of the progenies manifested higher genetic 
variability than environmental variances which exhibited moderate to high 
heritability and fair to high amount of genetic gains except progeny C8 which 
exhibited lowest heritability (18.41%) and genetic variance (60.40σ2g). Higher 
heritability estimates and more genetic variances were generally associated 
with higher genetic advances. F2 progenies, C2 and C7 expressed higher 
heritability (75.17% and 73.50%) and maximum genetic gain (26.10 and 
21.04%). Naveed et al. (34), Murthy et al. (32) and Jatoi (18) also observed 
significant genetic variances, moderate to high heritability estimates and 
sufficient amount of genetic advances in upland cotton for this trait. Hussain 
et al. (15) and Mushtaq et al. (33) also reported high genotypic variability, 
genetic advance and heritability estimates for number of bolls per plant. 
 
Boll weight (g): With respect to boll weight, greater genetic variances were 
displayed by less than half of the progenies as compared to their 
corresponding environmental variances. F2 progenies expressed low to 
moderate heritability estimates ranging from 22.05 (C5) to 58.87 (C3) percent.  
The top scorer in relation to heritability and genetic advance was C3 followed 
by C2. Because of low genetic variability, more than half of progenies 
manifested lower genetic gains. However, progenies which exhibited higher 
heritability also gave appreciable genetic advances. Hafiz et al. (14) and Jatoi 
(18) also determined high heritability for boll weight. Batool et al. (10) found 
high genetic variances and high heritability estimates for boll weight in upland 
cotton as well. In addition, Soomro et al. (41) observed significant genetic 
variability and high heritability percentage for boll weight in cotton and 
concluded that trait is highly heritable in F2 and F3 generations indicating 
quantitative pattern of inheritance, offering better chance of selection for this 
trait in F2 and F3 generations, while Naveed et al. (35) reported low to 
moderate heritability estimates for boll weight which confirmed our results for 
some of the progenies. 
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Seed cotton yield per plant (g): Regarding seed cotton yield per plant 
(Table 3), F2 progenies exhibited fair to high genetic variability which resulted 
in moderate to high heritability estimates in broad sense (34.74 to 75.40) and 
higher genetic gains varying (30.22 to 83.45) in C7 and C2. Among progenies, 
exhibited high heritability (75.40%) and greater genetic advance (83.45%), 
while T7 manifested the lowest heritability (34.74%) and genetic gains 
(30.22%). Murthy et al. (32), Hafiz et al. (14) and Jatoi (18) also observed 
high genotypic variance and heritability in broad sense for seed cotton yield 
coupled with high genetic advance. Similar results were also obtained by earlier 
scientists (10, 28, 33, 42) where high heritability was estimated for seed 
cotton yield. 
  
Lint percentage (%): For lint percentage, low, medium and high heritability 
estimates of progenies were observed varying from 15.79 (C8) to 79.25 
percent (C2) with genetic advances from 3.60 to 18.44 percent (Table 3). 
Among progenies, C2 expressed the highest heritability (79.25%) and 
maximum genetic advance (18.44%). The progeny C1 stood second with 
heritability (75.25%) and GA (17.51%). However, progeny C8 exhibited lowest 
values for heritability (15.79%) and genetic advance (3.60%). These results 
agree to Baloch (5) who observed moderate to high heritability (33.6 to 
63.00%) for lint percent. Similar results have also been observed (11, 30). 
Moreover, Khan et al. (28) found greater genetic variance and high heritability 
percentage for this trait. Ali et al. (3) and Iqbal et al. (16) also noted that 
heritability estimates were high for lint percentage indicating the existence of 
additive gene action.  
 
Seed index: In relation to seed index, greater genetic variability was 
reflected by half of F2 populations than environmental variances (Table 3). 
Because of larger environmental variance, the progenies exhibited low to 
moderate heritability estimates (25.18 to 55.51%). However, greater genetic 
advances were generally associated with higher heritability estimates. Among 
F2 progenies, the highest heritability (55.51%) paired with maximum GA 
(3.00%) were manifested by C2, while C5 expressed lowest values of 
heritability (25.18%) and GA (1.36%). Desalegn et al. (11), Hussain et al. 
(15), Khan et al. (27) and Soomro et al. (41) also observed greater genotypic 
variance and high heritability in broad sense for seed index. 
  
Staple length (mm): In cotton, staple/fibre length is the most important as 
compared to other fibre properties. Fibre length is more useful for textile mills 
in yarn manufacturing. Regarding staple length, majority of the F2 populations 
C5 and C1 exhibited higher genetic variances (Table 3) than their 
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corresponding environmental variances which resulted in moderate to high 
heritability estimates in broad sense (43.85 to 75.17%) associated with 
sufficient amount of genetic advances that varied from 7.08 to 13.60. The 
progenies C1, C7 and C8 exhibited maximum heritability estimates, genetic 
advances and genetic variability. Among all the populations, progeny C5 
displayed the lowest genetic variance (36.94%) and heritability (43.85%) 
consequently lower genetic gains (7.08%). These results match with those of 
Baloch (5) who recorded high heritability for staple length which was 
controlled by additive genetic factors. Hafiz et al. (14) and Saeed et al. (39) 
observed high genetic variability and heritability in cotton for staple length. 
Jatoi (18) estimated moderate to high heritability in broad sense for staple 
length in F2 populations of intra-hirsutum crosses. Memon et al. (29) and 
Khan et al. (23) also recorded greater genetic variability, high heritability 
associated with high genetic advance for staple length in F2 progenies of 
upland cotton. 
 

CONCLUSION 
 

The mean performance of genotypes differed significantly for plant height, 
sympodial branches per plant, bolls per plant, boll weight, seed cotton yield 
per plant, lint percentage, seed index and  fibre length. On the basis of 
average performance, parental lines CRIS-134 and Sadori produced more 
sympodial branches, formed higher bolls per plant and gave higher seed 
cotton yields with longer fibre. Parent Bt. cotton produced bigger bolls and 
ginned more lint percentage, hence proved best parent to be utilized in 
breeding programmes for improving respective traits.  The results of genetic 
parameters indicated that among F2 populations, CIM-496 × Sadori displayed 
higher heritability estimates coupled with more genetic gains for sympodial 
branches per plant, lint percentage and fibre length and also showed significant 
results for other traits. The progeny Bt. cotton x Sadori exhibited higher values 
of genetic parameters for bolls per plant, seed cotton yield, lint percentage, 
seed index and substantial values for other traits. So, these populations may 
be persuaded in further generations of selfing to select desirable segregants 
for improving most of the quantitative characters studied. 
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