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ABSTRACT 
 

A four parent’s complete diallel mating design was used for evaluating the 
inheritance pattern and gene action for various yield attributing parameters in 
upland cotton cultivars (Gossypium hirsutum L.) viz: FH-113, CIM-506, LA-82-
52-1 and ALRASHAM. The experiment was conducted in the Department of 
Plant Breeding and Genetics, University of Agriculture Faisalabad, Pakistan 
during 2010-12. The seed of parents and their F1 crosses were sown in the field 
in RCBD with three replications during the cropping season June, 2011. The 
data recorded were subjected to analysis of variance for plant height, number 
of sympodial branches, number of bolls per plant, boll weight and seed cotton 
yield. The scaling test was employed to check further suitability of data for 
additive dominance model. Highly significant genetic variations were 
discovered among the varieties and their F1 hybrids for all the parameters 
under study. It was observed that additive type of gene action with partial 
dominance was controlling the inheritance pattern of the parameters studied. 
Epistasis was found to be absent in these traits. The cultivar FH-113 had the 
highest number of dominant genes for plant height, CIM-506 for number of 
sympodial branches whereas LA-82-52-1 carried maximum dominant genes for 
boll weight, number of bolls per plant and seed cotton yield. The process of 
selection breeding could be used advantageously for the improvement of these 
characters as they exhibited high estimates of heritability and additive type of 
gene action with partial dominance.  
 
KEYWORDS: Gossypium hirsutum L.; cultivars; cross breeding; gene action; 

inheritance pattern; F1 cross; Pakistan. 
 

INTRODUCTION 
 
Cotton is a profitable cash crop covering 12 percent of total cultivated area of 
Pakistan (16). Its contributes 70 percent in value added products and 1.5 
percent in GDP of Pakistan. In 2012-13, the cotton crop was sown on an 
area of 2.879 million hectares with production of 13.0 million bales, and 
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average yield of 767.63 kg/ha. Cotton derived textiles constitute 46 percent 
of total manufacturing products, over 60 percent of the total exports and 
make possible employment for 38 percent of the total industrial labour (3).  
 
The diallel analysis technique is a useful tool for securing precise knowledge 
about any type of specific action of genes involved for the expression of 
different yield and fibre traits and to estimate the efficiency of the generations 
in latter segregating populations (22). It gives a well-planned approach for the 
identification of relevant parent and hybrids better in respect of investigated 
characters. It also assists a plant breeder to select the most proficient 
method of selection by permitting them to evaluate several traits of genetic 
perspectives (33).  
 
Present study has, therefore been planned to generate such information 
about the small sample of germplasm of G. hirsutum L. for various          
plant traits.  
 

MATERIALS AND METHODS 
 

Present study was conducted in the research area of Department of Plant 
Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan during 
2010-12. The plant material for these studies was developed by crossing four 
different genotypes of cotton, namely FH-113, CIM-506, LA-82-52-1 and 
ALRASHAM. Four parents complete diallel mating design was used for 
studying the gene action and inheritance pattern involved in different plant 
traits in upland cotton cultivars (Gossypium hirsutum L). All the entries 
belonging to Gossypium hirsutum L. were maintained by the department. The 
parents were grown in 30 × 30 cm earthen pots placed in glass house during 
November 2010. The proper growing conditions i.e. temperature and light 
were controlled by using the inbuilt steam heaters and extra mercury lamps 
to provide optimum conditions for germination and growth of the plants. All 
possible combinations including selfs, direct crosses and reciprocals were 
attempted at the time of flowering. All the necessary precautionary measures 
were made to avoid the contamination of the genetic material. Adequate 
number of crosses were attempted in order to produce sufficient quantity of 
F1 hybrid seed. 
 

The seeds of all crosses and their parents were planted in the field in a 
triplicate RCBD during 1st week of May, 2011. All of the 16 entries in a 
replication were sown in single rows having 10 plants spaced at 30 cm in 75 
cm apart rows. All the recommended agronomic and plant protection 
practices were followed from sowing till harvest. At maturity the data were 
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collected from 5 guarded plants in each row. The data collected were 
subjected to Fisher’s analysis of variance technique (10) as reported by Steel 
et al. (30) in order to determine the significance of differences for plant 
characters under study. The data for the characters showing significant 
genotypic differences among the twenty hybrids and their parents were 
further analyzed genetically following additive-dominance model developed 
by Hayman (11) and Jinks (14). 
 

RESULTS AND DISCUSSION 
 

Highly significant genetic variations were discovered among the varieties and 
their F1 hybrids for all the parameters under study except boll weight when 
data were subjected to analysis of variance (Table 1). 
 

Table 1.  Analysis of variance for some yield traits of cotton in 4 × 4 diallel cross. 
 

NS = Non-significant, **=Significant at P = 0.01. 
 

Table 2.  Results of joint regression analysis of five traits of cotton plant. 
 

NS = Non-significant, **=Significant at P = 0.01. 

Characters Mean squares 
Replications 

(df=2) 
Genotypes 

(df=15) 
Error (df=30) 

Plant height 5.47572ns 447.01** 9.591894 
Number of sympodial branches 1.746419 ns 23.34** 1.651476 
Number of bolls per plant 1.563422 ns 37.29** 1.935421 
Boll weight 1.058769 ns 0.25 ns 1.272426 
Seed cotton yield/plant 21.36775 ns 306.11** 14.89024 

Sr. 
No. 

Characters Regression 
coefficient  

Remarks  Conclusions 

b=1 b=2   
1. Plant height 

 
-0.15 NS 7.23** b value differed 

significantly from zero 
but not from unity. 

The data were 
adequate for 
simple additive-
dominance model. 

2. Number of 
sympodial 
branches 

0.91 NS 10.51** 

 

b value differed 
significantly from zero 
but not from unity 

The data were fit 
for  additive-
dominance model 

3. Number of 
bolls per plant 

 

0.12 NS 8.91** 

 

b value deviate 
significantly from zero 
but not from unity. 

The data were 
adequate for 
genetic analysis. 

4. Boll weight 
 

0.63 NS 3.30* b value deviated 
significantly from zero 
but not from unity.  

The data were fit 
for  additive-
dominance model 

5. Seed cotton 
yield/plant 

0.034 NS 7.62** b value differed 
significantly from zero 
but not from unity. 

The data were fit 
for genetic 
analysis.  
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Plant height 
 
The results (Table 1) of analysis of variance for plant height revealed highly 
significant differences among the parental varieties and their F1 hybrids. For 
genetic analysis actual and array mean values are arranged and Vr/Wr graph 
is presented in Fig. 1. The b value deviated significantly from zero but not 
from unity (Table 2) thus indicating the adequacy of data for genetic analysis. 
The pattern of Fig.1 showed that regression line intercepted the Wr-axis 
above the point of origin indicating that additive type of gene action with 
partial dominance was controlling the inheritance of plant height. Epistasis 
was absent as the regression line did not deviate significantly from unit slope. 
Similar results have been reported by earlier workers (1, 8, 32, 18). However, 
results differ from those of Ahmad et al. (4), Khan et al. (15), Saravanan et al. 
(25), Soomroet al. (29) and Ali et al. (5) who reported that additive type of 
gene action with over-dominance was controlling the inheritance of this 
character. From the varietal positions on regression line it was observed that 
variety FH-113 had maximum dominant genes being closer to the point of 
origin while the variety CIM-506 had most of recessive genes being farthest 
from origin. 
 

 
 

Number of sympodial branches 
 

Highly significant genetic variances were found among the parents and their 
F1 hybrids for number of sympodial branches. The variance and covariance 
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values were calculated to draw Vr/Wr graph (Fig. 2). Additive type of gene 
action with partial dominance was involved in the inheritance of sympodial 
branches as the regression line intercepted the Wr-axis above the point of 
origin (Fig. 2). Epistasis was absent as the regression line did not deviate 
significantly from unit slope (Table 2). The results are compatible with the 
findings of Ali and Khan (6), Ashraf et al. (8) and Khan and Qasim (18) while 
Kiani et al. (19), Abbas et al. (2) and Ali et al. (5) reported that additive type 
of gene action with over-dominance was involved in the phenotypic 
expression of this trait. From the position of array points on regression line it 
was observed that variety CIM-506 being closer to the origin had maximum 
dominant genes while the variety LA-82-52-1 being away from origin carried 
maximum recessive genes for this character. 
 

 
 
Number of bolls per plant 
 
There were significant differences among the varieties and their hybrids 
when evaluated for number of bolls per plant (Table 1). The results of joint 
regression analysis indicated that b value deviated significantly from zero but 
not from one (Table 2) so the data were fit for further genetic analysis as 
suggested by Hayman (11) and Jinks (14). The values of variances (Vr) and 
co-variances (Wr) were calculated and the graphical representation (Fig. 3) 
showed that regression line (b) intercepted the Wr-axis above the point of 
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origin indicating that the trait number of bolls per plant was under the 
influence of additive type of gene action with partial dominance. Similar 
results have been reported by earlier scientists (31, 25, 16, 20, 21, 18), while 
Ahmad et al. (4), Soomro et al. (29), Hussain et al. (12) and Ali et al. (5) 
observed over-dominance type of gene action for number of bolls per plant. 
The distribution of array points on the regression line indicated that the 
variety LA-82-52-1 received maximum dominant genes being closest to the 
point of origin whereas the variety FH-113 being farthest from point of origin 
received maximum recessive genes. 
 

 
 
 

Boll weight 
 

There were non-significant differences among the parents and their crosses 
showing that these genotypes differed genetically from each other for boll 
weight (Table 1). Mean values of the genotypes and variance/covariance 
values were calculated to draw Vr/Wr graph (Fig. 4). A study of Fig. 4 
illustrated that additive type of gene action with partial dominance was 
controlling the inheritance of this trait as the regression line intercepted the 
Wr-axis above the point of origin. As the regression line is of a unit slope, it 
confirmed the absence of epistasis (Table 2). These results seemed to be in 
agreement with those of Saravanan et al. (25), Ali and Khan (6), Abbas et al. 
(2), Ashraf et al. (8), Khan et al. (16), Liu et al. (28), Singh et al. (27), Lu and 
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Myers (21) and Khan and Qasim (32). Whereas Soomro et al. (29), Hussain 
et al. (12), Talaat (32) and Ali et al. (5) observed that additive type of gene 
action with over-dominance was involved in the phenotypic manifestation of 
boll weight. As far as the position of array points on regression line was 
concerned variety LA-82-52-1 received maximum dominant genes and 
variety CIM-506 secured maximum recessive genes because of their closer 
and farther positions from the point of origin, respectively. 
 

 
 
Seed cotton yield per plant 
 
The analysis of variance for seed cotton yield showed highly significant 
differences among the parental varieties and their F1 hybrids. The b value 
deviated significantly from zero but not from unity (Table 2) thus indicating 
the adequacy of data for further genetic analysis. Additive type of genetic 
action with partial dominance was involved in the inheritance of seed cotton 
yield as the regression line intercepted the Wr-axis above the point of origin 
(Fig. 5). There was no interaction of genes as the regression line did not 
deviate significantly from unit slope. The results obtained were supported by 
earlier scientists (4, 6, 9, 2, 8, 12, 26, 27, 17, 18)  Whereas Saravanan et al. 
(25), Iqbal et al. (13) and Talaat (2) reported that over-dominance type of 
gene action was involved in the inheritance of this character. As far as the 
position of array points on regression line was concerned the variety LA-82-
52-1 occupied most of dominant genes as being closer to the origin whereas 
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variety FH-113 secured maximum recessive genes because of its farther 
position from the origin. 

 

 
 

CONCLUSION 
 

It has been concluded from the study that additive type of gene action with 
partial dominance was controlling the phenotypic expression of all the plant 
parameters i.e. plant height, number of sympodial branches, number of bolls 
per plant, boll weight and seed cotton yield. The inheritance of the traits 
studied could be enhanced through the process of selection. The distribution 
of array points within the regression line for various plant characters exhibited 
the existence of genetic variation in plant material. This variation could be 
searched out through appropriate breeding programme. Non-allelic gene 
interaction was found to be absent which may assist the application of single 
plant selection and recurrent selection for the enhancement of these traits. 
The presence of additive genetic effects for characters may be helpful to 
cotton breeders as a good index for heritability. 
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