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Inheritance, general combining ability and specific combining ability were studied using four parents:
FH-901, NIAB-Karishma, CIM-496 and MS-84 for different plant traits in Upland cotton (Gossypium
hirsutum L.). Mean values of all genotypes were significantly different from each other for all the traits
studied. Epistasis was not found to be involved in any of the traits. The inheritance of all the traits was
controlled by additive type of gene action with partial dominance except seed cotton yield that was
controlled by over-dominance type of gene action. It was further noticed that the parent MS-84 was best
general combiner for the traits like plant height, number of monopodial branches and number of bolls.
The cross MS-84 x NIAB-Karishma showed greater specific combining ability for plant height, number
of monopodial branches and number of sympodial branches.
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INTRODUCTION

Cotton (Gossypium hirsutum L.) is a major cash crop of
Pakistan as well as in the world. It contributes 7.8% to
value added in agriculture and about 1.6% in gross
domestic product (GDP) of the country. The area in the
year 2011 to 2012 under this crop was 2.83 million ha
and the production was 13.6 million bales. Cotton
provides raw material for the textile industry and is a
major source of foreign exchange earnings of the country.
Oil extracted from cotton seed is edible and its seed cake
is also a rich feed supplement  for milch
animals. Multi-use of this crop has made it important for

agricultural industry (Anonymous, 2012).

Inheritance pattern of different traits in crop plants is
very complex. Additive-dominance model as reported by
Hayman (1954) is an efficient method to study the
inheritance pattern of quantitatively inherited traits.

Inheritance studies have a key role in the crop
improvement programs. After acquainted with the
knowledge of inheritance of certain agronomic traits the
selection of suitable parents for a specific breeding
program becomes easy and efficient. Most of the traits in
Upland cotton show the same complex quantitative
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pattern of inheritance. Therefore, a full diallel analysis of
four cotton parents has been performed to study the
inheritance of different plant traits in this crop. Upland
cotton (G. hirsutum L.) belongs to family Malvaceae and
is tetraploid (2n = 4x = 52) by nature. G. hirsutum and
other species viz. Gossypium barbadense, Gossypium
arboreum and Gossypium herbaceum produce spinnable
fiber out of 50 species of genus Gossypium (Brubaker et
al., 1999).

Cotton improvement can be accomplished by favorable
combination of genes in cotton varieties through
hybridization and study of inheritance of different yield
contributing and fiber quality traits. For this purpose
inheritance study of different plant traits like plant height,
number of monopodial branches, number of sympodial
branches, number of bolls, boll weight and seed cotton
yield has been carried out to understand the genetic
behavior of these traits in Upland cotton. Previous studies
showed different results about the inheritance of these
traits. Ahmad et al. (2003) found that an additive type of
gene action was responsible for controlling the
inheritance of plant height, number of sympodia, boll
number and yield of seed cotton. Saravanan et al. (2003)
explored that over-dominance type of gene action was
involved in case of boll humber, seed number per boll,
plant height and vyield of seed cotton. Kumari and
Chaundeswari (2005) observed additive type of gene
action involved in the inheritance of yield of seed cotton
while non-additive type of gene action was responsible for
number of monopodial branches. Both additive and non-
additive type of gene action was involved in the
phenotypic expression of plant height, number of
sympodial branches and boll weight. Inheritance of seed
cotton yield is controlled by additive type of gene action
(Aguiar et al., 2007). Kiani et al. (2007) observed an
important role of additive gene effects in the inheritance of
monopodial branches. Both additive and non-additive
components of genetic variances were important in the
inheritance of yield, boll number, boll weight and plant
height. However, non-additive type of gene action was
observed for sympodial branches. Abbass et al. (2008)
studied the characters like number of monopodial
branches, number of sympodial branches, boll weight and
yield of seed cotton and found the involvement of additive
type of gene action with partial dominance. Over-
dominance type of gene action was involved in the
inheritance of number of bolls and boll weight while partial
dominance in case of yield of seed cotton (Hussain et al.,
2009). Singh et al. (2010) analyzed that inheritance of the
characters like yield of seed cotton and boll weight was
controlled by additive type of gene action. Additive type of
gene action was observed in the inheritance of number of
bolls per plant and boll weight (Lu and Myers, 2011).

The main objective of this study was to explore the
nature of gene action involved in the inheritance of
various traits, general combing ability, and specific
combining ability. This work will help cotton breeders to
choose suitable parents for hybridization in their future

breeding programs.

MATERIALS AND METHODS
Glasshouse experiment

The experiment was designed in a 4 x 4 diallel fashion. The seed of
four parents namely NIAB-Karishma, CIM-496, MS-84 and FH-901
was provided by the Department of Plant Breeding and Genetics,
University of Agriculture, Faisalabad (UAF) situated at 31.26 N and
73.06 E, with an elevation of 184 m above sea level. These four
parents were sown in pots placed in glasshouse of the Department
of Plant Breeding and Genetics, UAF under controlled conditions in
October, 2010.

All standard agronomic practices were performed from sowing to
maturity to maintain health of the plants. At the time of flowering,
these four parents were crossed in all possible combinations (Diallel
fashion) to obtain 6 direct crosses, 6 reciprocals and 4 selfs.

Field experiment

Seed of all these crosses (Fis) and selfs was sown in the field in
triplicate randomized complete block design in June, 2011. There
were total of 48 entries in the experiment, 16 in each replication.
There were 10 plants in a row of each genotype at 30 cm plant to
plant and 75 cm row to row distance. At maturity data regarding
plant height (cm), number of monopodial branches, number of
sympodial branches, number of bolls, boll weight (g) and seed
cotton yield (g) were recorded from 5 guarded plants in each entry
for different plant.

Statistical analysis of the data

Analysis of variance (ANOVA) by Steel et al. (1997) and genetic
analysis using additive-dominance model as proposed by Hayman
(1954) were performed. Regression coefficients (b) were calculated
for each trait and level of its significance was tested using scaling
test (t-test). Graphs were plotted between variances and
covariances for all the traits studied. General rules of understanding
the inheritance pattern from the graph are given as follows:

1) If the regression line intercepts the Wr axis at origin (zero
intercept) then there is complete dominance.

2) If the regression line intercepts the Wr axis above origin (positive
intercept) then there is partial dominance.

3) If the regression line intercepts the Wr axis below origin (negative
intercept) then it shows over-dominance.

The values of parabola limits for the four arrays were calculated and
a free hand parabola limit was drawn on the Vr/Wr graph after
plotting Wrii values against respective Vri values. Then array points
were plotted using array variance and covariance and these points
were scattered within the parabola limit.

RESULTS

The results indicated highly significant differences among
the genotypes for all the characters under study (Table
1). Results of the joint regression analysis exhibited that
data were fit for all the traits which confirmed the
adequacy of simple additive-dominance model (Table 2).
For all the traits the non-allelic interaction (epistasis) was
not observed as regression line did not deviate from unit
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Table 1. Mean square values for yield and yield components of different cotton genotypes.

Source of Degree of Plant No. of monopodial No. of sympodial Number Boll Seed
variation freedom height branches branches of bolls weight  cotton yield
Replications 2 9.81 0.076 1.261 0.615 0.007 50.931
Genotypes 15 43.30** 0.194** 1.705** 1.682** 0.093** 122.517**
Error 30 3.02 0.058 0.409 0.271 0.031 20.763
* ** Significant at 5 and 1% level of probability, respectively.
Table 2. Results of joint regression analysis of six traits of cotton plant.
Regression Plant No. of monopodial No. of sympodial Number of Boll Seed cotton
Coefficient height branches branches bolls weight yield
b value 0.99+0.01 0.98 + 0.048 0.94 +0.078 0.96 £ 0.21 1.09 +0.03 1.01+0.14
Conclusion Fit Fit Fit Fit Fit Fit

As the regression coefficient (b) value of all the traits deviated significantly from zero but not from unity therefore, the data of all the traits were fit for

genetic analysis.

slope (Figures 1 to 6). In joint regression analysis the
regression coefficient (b value) must deviate significantly
from zero but not from unity for the data to be adequate
for simple additive-dominance model developed by
Hayman (1954). The graphs were plotted between
variances (Vr) and covariances (Wr) of all the traits to
explore the gene action involved in the inheritance of
these traits. The Vr/Wr graphs (Figures 1 to 5) showed
that regression line in each graph intercepted the Wr-axis
above the origin which indicated an additive type of gene
action with partial dominance involved in the phenotypic
expression of plant height, number of monopodial
branches, number of sympodial branches, number of
bolls and boll weight. Whereas, the graphical
representation of Vr/Wr graph for seed cotton vyield
(Figure 6) revealed that regression line intercepted the
Wr-axis below the origin which indicated non-additive type
of gene action involved in the inheritance of seed cotton
yield.

The parent MS-84 being nearest to the origin
possessed maximum dominant genes, while CIM-496
being away had maximum recessive genes for plant
height as revealed by their relative positions on the
regression line (Figure 1). The average performance of
the parents and their crosses (Table 3) indicated that
variety MS-84 was best general combiner for plant height
as it scored the highest array mean (94.94) for plant
height. The best specific combining ability for this trait
was exhibited by MS-84 x NIAB-Karishma scoring highest
value of 95.58.

The relative positions of the array points on the
regression line revealed that MS-84 being nearest to the
origin possessed maximum dominant genes while NIAB-
Karishma being away had the maximum recessive genes
for number of monopodial branches (Figure 2). The diallel

mean table (Table 3) indicated that parent NIAB-
Karishma with the highest array mean value of 2.03
proved best general combiner among four cotton varieties
under study and cross NIAB-Karishma x MS-84 has
highest specific combining ability for number of
monopodial branches as it possessed maximum value of
1.97 for this trait.

The Vr/Wr graph for number of sympodial branches
(Figure 3) exhibited that MS-84 being nearest to the
origin possessed maximum dominant genes while FH -
901 being away had the maximum recessive genes. The
data (Table 3) showed that the parent MS-84 with highest
array mean was best general combiner and cross MS-84
x NIAB-Karishma having maximum value of 13.63 proved
the best specific combiner for the trait.

Distribution of array points on the regression line shown
in the Vr/Wr graph for number of bolls (Figure 4) indicated
that the variety CIM-496 being close to origin possessed
the maximum number of dominant genes and MS-84
being farthest from the origin had maximum number of
recessive genes. Diallel mean table (Table 3) for number
of bolls revealed highest array mean 16.92 for this trait
indicating that the parent MS-84 was good general
combiner, while cross MS-84 x FH-901 possessed
highest value of 16.88 showing the best specific
combining ability effects for the character.

The figure of Vr/Wr graph for boll weight (Figure 5)
showed that the variety CIM-496 possessed maximum
dominant genes because it was nearest to the origin as
exhibited by its relevant position on the regression line while
NIAB-Karishma had maximum recessive genes due to its
reverse position. The data of diallel mean table (Table 3)
showed that the variety CIM-496 with the maximum array
mean (2.83) had highest general combining ability and cross
CIM-496 x FH-901 possessed
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Figure 1. Vr/Wr graph for plant height.

007 q
a =0.026
b =0.98+0.048
Vp=012 NIAB-Karishma
0.06 CIM-49€
H-901
005 A MS-84
0.04
S
003 4
0.02 A
001 4
0 T T T T T T T \
0 0.005 0.0 0015 0.02 0.025 003 0035 0.04

Vr

Figure 2. Vr/Wr graph for number of monopodial branches.
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Figure 4. Vr/Wr graph for number of bolls.

line revealed that variety NIAB-Karishma being in close
proximity to the origin, possessed the maximum number
of dominant genes for seed cotton yield while FH-901 had
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Figure 6. Vr/Wr graph for seed cotton yield.
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maximum number of recessive genes for this trait as it
occupied the farthest position from the origin (Figure 6).
The variety NIAB-Karishma scoring the maximum array
mean (38.82) proved to be the best general combiner and
it made the best combination with FH-901 as its value in
this specific cross was 41.23 for this character (Table 3).

DISCUSSION

Simple selection is suitable for improvement of the traits
like plant height, number of monopodial branches,
number of sympodial branches, number of bolls and boll
weight because inheritance of all these traits were
controlled by additive type of gene action with partial
dominance. These results were also supported by
Banumathy and Patil (2000), Ahmad et al. (2003),
Neelima et al. (2004), Azhar and Khan (2005), Ahmad et
al. (2006), Abbass et al. (2008), Kumboh et al. (2008), Al
et al. (2009), Khan et al. (2009a), Zangi et al. (2010) and
Singh et al. (2010). However, different results were
reported by Zia-ul-Islam et al. (2001), Saravanan et al.
(2003), Kumari and Chaundeswari (2005), Igbal et al.
(2003), Inam-ul-Haq and Azhar (2004) and Khan et al.
(2009b). These different results might be due to using
different genotypes and experiments conducted in
different environments.

General combining ability effects showed that parent
MS-84 can be used in varietal improvement programs to
enhance the traits like plant height, number of sympodial
branches and number of bolls, being a best general
combiner for these traits as it has the highest array
means 94.94, 13.27 and 16.92 for these traits,
respectively. The parent NIAB-Karishma can be selected
for improvement of number of monopodial branches with
the highest array mean value of 2.03 for this trait.
However, specific combining ability effects shows that the
parent MS-84 in its cross with NIAB-Krishma has
relatively high values for plant height, number of
monopodial branches and number of sympodial branches
but these values of crosses do not remarkably differ from
parent values therefore there is no need to consider this
cross for hybrid development for these traits.

However, the trait seed cotton yield can be improved
through hybrid breeding as its inheritance was controlled
by over-dominance type of gene action. Similar results
were also found by Inam-ul-Haq and Azhar (2004), Ali et
al. (2009) and Khan et al. (2009b). The cross combination
NIAB-Karishma x FH-901 can be developed into a hybrid
having high seed cotton yield as its value in this specific
cross was 41.23 for this character.

Conclusion

From the findings of this study, it can be inferred that
additive type of gene action was involved in the
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Table 3. 4x4 Diallel mean table for six plant traits in Upland cotton.

Plant No. of monopodial No. of sympodial No. of Boll Seed cotton
Genotypes crossed height branches branches bolls weight yield
FH-901 88.7 1.8 12.37 15.83 291 25.24
FH-901 NIAB-Karishma 92.2 2.07 12.95 16.42 2.69 41.23
CIM-496 89.53 1.7 11.88 16.03 2.88 40.49
MS-84 93.32 1.85 13.25 16.88 2.77 34.58
FH-901 92.2 2.07 12.95 16.42 2.69 41.23
NIAB-Karishma  NIAB-Karishma 93.63 2.27 13.3 16.83 2.47 35.23
CIM-496 91.6 1.83 12.47 16.22 2.72 38.38
MS-84 95.58 1.97 13.32 16.78 2.58 40.43
FH-901 89.53 1.7 11.88 16.03 2.88 40.49
CIM-496 NIAB-Karishma 91.6 1.83 12.47 16.22 2.72 38.38
CIM-496 88.67 1.4 11.83 15.9 291 36.93
MS-84 93.77 1.6 12.97 16.3 2.82 31.31
FH-901 93.32 1.85 13.25 16.88 2.77 34.58
MS-84 NIAB-Karishma 95.58 1.97 13.32 16.78 2.58 40.43
CIM-496 93.77 1.6 12.97 16.3 2.82 31.31
MS-84 97.1 1.8 13.53 17.7 2.68 33.54

inheritance of most of traits except seed cotton yield
which was being controlled by over-dominance type of
gene action. Further gene action was not complicated
with non-allelic interaction. This information explains that
the characters involving additive type of gene action can
be improved through simple selection. The inheritance of
seed cotton vyield revealed some heterosis in the
characters thus implying towards exploitation of such
progenies in a breeding program where development of
hybrid cotton is the ultimate objective.
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