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ABSTRACT
In present research 5×5 complete diallel analysis was performed on five genotypes named via FH-114, FH-207, CRS-456,
MNH-992 and Kahkashan for the study of combining ability effects and the contribution of gene action for various plant
parameter regarding height of plant, direct and indirect fruit bearing branches, first fruiting branch, yield and its related
traits and the collected data for such traits were analyzed by statistical analysis. F. calculated value for the F1s from
statistical analysis indicates the maximum variation for all parameter. Results observed from the complete diallel mating
design indicate that the collected data for all parameter were enough for Griffing’s approach (1956). Combining ability
analysis for all the parameter presented the maximum differences for GCA and SCA effects. Less contribution of the GCA
variance determine that the traits such as height of plant, indirect fruit bearing branches, weight of individual boll, seed
cotton yield of individual plant, lint index seed index, percentage of lint, number of boll on a single plant and first fruiting
branch is governed by non-additive type of gene action because the value of GCA/SCA ratio is less than one which indicates
that hybrids are more vigorous for all parameter under study but the greater contribution of GCA variance indicates that
the traits such as direct fruit bearing branches are largely controlled by dominant gene action because the value of
GCA/SCA is greater than one.
Key words: Cotton, gene action, combining ability
INTRODUCTION
Cotton crop is grown in many countries of the world. It is simultaneously a fiber as well as food crop. In addition to fiber
it also provides cotton seed cake which is used for animal feed. Cotton contributes in industrial, economic and agricultural
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development of a country. In many tropical areas of world it is major fiber and oil seed crop. It is a perennial plant and has
indeterminate growth habit. As being the core source of natural fiber, edible oil is also extracted from cotton seed. In soap
making and lubricant manufacturing low quality oil is used. For livestock feed the residual seed cake is a worth source of
protein. The significance of cotton crop is increasing in the economy of many countries as well as for Pakistan. Significant
efforts have been made by the cotton breeders and researchers in order to improve the genetic structure of cotton. This
crop is mainly grown for its fiber value and known as white gold due to its global importance (Shakeel et al., 2012). About
1.5 million population of Pakistan is earning livelihood from the cultivation of cotton (Hussain et al., 2010).
Seed cotton yield is lower in Pakistan compared to some countries. Cotton yield is a complex character and the product
of expression of various components traits. It is a quantitative trait controlled by many genes and not easy to be improved.
So for the creation of new genotype there should be necessary that genetic variation is existed within species. This is
imposited that to run a breeding program (Azhar et al., 2005). Various breeding strategies are utilized to get required traits
such as polyploidization, hybridization selection of better parent and introduction of foreign material with more diversity
(Shaukat l et al,. 2013). Selection is the best strategy for the evaluation of parent with robust variation which leads to
achievement of breeding program. Diallel analysis is being used for the evaluation of combining ability and hybrid vigor.
Tool like combining ability is also best for selection of better performing parents for the creation of hybrid vigor. It also
utilized for the evaluation of best performing crosses form the parental stock. Combining ability also indicates that when
the value of GCA is greater than the character is utilized for when diverse parent were crossed the F1 are produced if this
F1 performed better then best parent then we say there is heterosis (Roupakias et al., 1998).
MATERIALS AND METHOD
Current study was performed to analyze how the different quantitative parameters of Gossypium hirsutum L are governed
by the pattern of combining ability and by the action of gene at research area of the Department of Plant Breeding and
Genetics, University of Agriculture, Faisalabad during the years 2016-17. Five Cotton varieties nominated as FH-114,
FH207. MNH-992, CRS-456, and kahkashan was grown in earthen pots which were placed at the distance of 30 × 30 cm
apart in green house during October 2016. Possible controlled environmental condition (Temperature, Light) was provided
for the better germination and vegetative growth of plant. At time of flowering all of these five Parental Lines differing in
their characters were crossed in all possible combination by following the diallel mating design for the development of
plant material. During the period of making cross combination all the necessary precautionary measures was applied to
controlled the foreign contamination of required genetic material.
The resulting F0 seeds of twenty hybrids and five parent genotype were collected and then grown under RCBD design with
3 repeats in the normal field condition. All three repeats were consisted of 20 F1 hybrids and five parental lines. Each entry
is grown with 10 plants on a single row. Plant to Plant distance and Row to Row Distance was maintained as 30cm and
75cm respectively. All plant protection measure and required agronomic practices were applied at the time of need for
the healthy crop growth from sowing to harvesting.
When the Crop become mature data from each Row randomly of 5 plants for following traits was Calculated; Plant height,
Sympodial branches per plant, No. of bolls on each plant, Boll weight, Seed Index, Lint index, Seed cotton yield and Ginning
out per turn percentage. Recorded data from various plant character related to yield and fiber quality which were studied
was proceeded for further analysis of variance by applying the technique (Steel et al., 1997) to find out the significant
genetic variation between the cotton lines which were utilized in current study for various parameters. To check the SCA
and GCA effects of parents and their crosses the data was subjected for combining ability analysis of full diallel analysis
using the Griffing's approach model II, method I(Griffing’s 1956).
RESULTS AND DISCUSSION
From the analysis of variance for height of plant the significant variation exists between the genotype of cotton for various
combining ability effects such as SAC, GCA and RE. The table 2 clearly represented that in the 5×5 full diallel analysis the
genotype FH-114 (2.2073) and FH-207 (1.6097) showed the greater value of GCA for plant height while the genotype MNH992 (-2.0183) and CRS-456 (-1.4667) showed the minimum value of GCA for plant height. Table also satisfied that when
the value of SCA is greater than the plant height is governed by dominant type of gene action which valuable for selection
of better is yielding genotype (Kiani et al., 2007).
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Table 1 represents that in cross of CRS-456×MNH-992 the higher value for SCA noted as (3.4820) with significant variation
for plant height while in other crosses of FH-207×MNH-992 and FH-114×CRS-456 with respective values of minimum SCA
are (-5.5376) and (-5.5103). The cross combination with greater value of SCA for plant height can be utilized for further
selection of good yielding cultivars and may also involved in heterosis breeding (Yong-Jun et al., 2006).In reverse cross
combination of CRS-456×FH-207 and MNH-992×CRS-456 greater values were noted for RE as (10.2650) and (6.2550)
respectively for plant height while the cross of Kahkashan×FH-207 presented minimum value for RE for height of plant. All
other crosses founded to have no variation for height of plant. The cross combination with more value of RE showing the
maternal effects can be utilized for the yield enhancement of cotton (Azhar et al. 2005).
From the table 1 we can analyzed that the higher value of SCA (19.2936) and dominant variance for crosses (19.2936) is
shown while the less value of GCA (2.8067) and additive variance is (5.6134) is shown. From the table 1 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the yield improvement
in cotton. Because of less value of reciprocal variance than SCA variance were (15.06) and (19.2936) respectively which
indicates that there is non additive type of gene action. Exact like that result were determine by Kiani et al. (2007) and
Rauf et al. (2005).
Table 1: Combining ability of 5 x 5 diallel Analysis of plant height in upland cotton (Gossypium hirsutum L).
SOV
D.F
SS
MS
F. Value
Variance(δ2)
Genetic effects
GCA
4
137.8376
34.4594
5.3910**
2.8067
δ2A=5.6134
SCA
10
256.8562
25.6856
4.0184**
19.2936
δ2D=19.2936
RCA
10
365.2569
36.5257
5.7143**
15.06
Error
24
306.816
6.3920
* = Significant **= Highly Significant. N.S = Non Significant
Table 2: Genetic effects of parents and crosses for plant height in upland cotton (Gossypium hirsutum L).
Parents
GCA
FH-114
2.2073 **
FH-207
1.6097 *
CRS-456
-1.4667 *
MNH-992
-2.0183 **
Kahkashan
-0.3320 ns
S.E. ( gi - gj )
0.7151
Direct Crosses
SCA
FH-114×FH-207
2.6367 ns
FH-114×CRS-456
-5.5103 **
FH-114×MNH-992
0.7414 ns
FH-114×Kahkashan
-1.7983 ns
FH-207×CRS-456
2.2840 ns
FH-207×MNH-992
-5.5376 **
FH-207×Kahkashan
-1.5223 ns
CRS-456×MNH-992
3.4820 *
CRS-456×Kahkashan
2.9457 ns
MNH-992×Kahkashan
2.9290 ns
S.E. ( sij – sik)
2.0226
Indirect crosses
RCA
FH-207×FH-114
2.0217 ns
CRS-456×FH-114
-2.1317 ns
CRS-456×FH-207
10.2650 **
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MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

1.1617 ns
-0.5050 ns
6.2550 **
0.8167 ns
-4.7450 *
0.3050 ns
2.1500 ns
1.4742

From the analysis of variance it was observed that for sympodial branches the 5×5 full diallel analysis represent the
significant variation for GCA and RCA value while non significant for SCA for five genotypes of cotton. The table 3
presented the higher value of GCA from the 5×5 full diallel analysis for genotypes Kahkashan (0.8999) and MNH-992
(0.4052) gradually but on the other side the genotypes FH-114 (-0.6695) and FH-207 (-0.7191) respectively lower value
for the GCA for number of Sympodial branches. So the genotypes with higher value of GCA for sympodial branches are
governed by the additive type of gene action and can be further utilized for the improvement of high yielding genotype
(Azhar et al. 2005).
Recorded value for Sympodial branches in table 3 for crosses CRS-456×MNH-992, MNH-992×Kahkashan and CRS456×Kahkashan are 0.3791, 0.2678 and 0.2411 respectively have the greater value of SCA while the crosses of FH207×MNH-992, FH-114×CRS-456 and FH-114×FH-207 as -0.8832, -0.5479 and -0.4202 respectively have the lowest value
for the SCA. Greater value of SCA indicates that the trait is governed by the non additive type of action but most of the
crosses have very less value of SCA and observed as poor specific combiner Saravanan et al. (2010) In many of the reverse
crosses the value for the RE were noted in table 3 is higher for sympodial branches in crosses of MNH-992×FH-207 and
MNH-992×CRS-456 as 2.3033 and 1.4683 respectively but less for the crosses of MNH-992×FH-114 and CRS-456×FH-207
noted as -2.1283 and -1.3000 respectively and few of them showing smaller value of RE and evaluated as poor combiner.
From the table 4 we can analyzed that the higher value of SCA (-0.1198) and dominant variance for crosses (-0.1198) is
shown while the less value of GCA 0.4033 and additive variance is 0.8066 is shown. From the table 4 greater value for SCA
and dominance variance determine that these genotypes can be utilized in hybrid breeding for the yield improvement
through sumpodial branches in cotton. Because of less value of reciprocal variance than SCA variance were 1.3232 and (0.1198 respectively which indicates that there is non additive type of gene action. Significant variation in Sympodial
branches on single plant were because of general combining ability observed by Memon et al. (2014) and also reciprocal
combining ability by Islam (2014). Non-additive type of gene effect was observed by Patel et al. (2014) and Memon et al.
(2016).
Table 4: Combining ability of 5 x 5 diallel Analysis of number of sympodial branches of Gossypium hirsutum L.
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
SCA
RCA
Error

4
10
10
24

19.4602
7.1253
34.7868

* = Significant

4.8650
0.7125
3.4787
0.8323

5.8451**
0.8561n.s
4.1795**

0.4033
-0.1198
1.3232

δ2A=0.8066
δ2D=0.1198

**= Highly Significant N.S = Non Significant

Table 3: Various genetic effects of parents and crosses for number of sympodial branches in upland cotton
(Gossypium hirsutum L).
Parents
GCA
FH-114
-0.6695 *
FH-207
-0.7191 **
CRS-456
0.0835 ns
276 | P a g e

© 2019 RnD Journals. All Rights Reserved. www.rndjournals.com | OPEN ACCESS
Khan et al., 2019 The. Int. J. Biol. Res. 2019

MNH-992
Kahkashan
S.E. ( gi - gj )
Direct Crosses
FH-114×FH-207
FH-114×CRS-456
FH-114×MNH-992
FH-114×Kahkashan
FH-207×CRS-456
FH-207×MNH-992
FH-207×Kahkashan
CRS-456×MNH-992
CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

0.4052 ns
0.8999 **
0.2580
SCA
-0.4202 ns
-0.5479 ns
0.0788 ns
-0.0675 ns
-0.3332 ns
-0.8832 ns
0.0271 ns
0.3791 ns
0.2411 ns
0.2678 ns
0.7299
RCA
1.1500 ns
0.9850 ns
-1.3000 *
-2.1283 **
2.3033 **
1.4683 *
0.0900 ns
-0.3900 ns
0.2600 ns
-1.0917 ns
0.6451

From the analysis of variance for Number of Bolls on individual plant illustrated that the significant variation exist between
the genotype of cotton for various combining ability effects such as SAC, GCA and RE. The table 5 clearly represented that
in the 5×5 full diallel analysis the genotype KAHKASHAN (1.9750) showed the greater value of GCA for Number of Bolls on
individual plant while the genotype FH-207 (-2.0033) and showed the minimum value of GCA for Number of Bolls on
individual plant. Table also satisfied that when the value of SCA is greater than the trait number of bolls is governed by
dominant type of gene action which valuable for selection of better is genotype for more number of bolls (Kiani et al.,
2007).
Table 5 represents that in cross of CRS-456×Kahkashan and FH-114×FH-207 shows the higher value for SCA noted as
(5.5967) and (2.3580) respectively with significant variation for Number of Bolls on individual plant while in other crosses
of FH-114×MNH-992and FH-114×Kahkashan with respective values of minimum SCA are (-4.1150) and (-2.2487). The cross
combination with greater value of SCA for number of bolls can be utilized for further selection of good yielding cultivars
and may also involved in heterosis breeding (Rauf et al., 2005).In reverse cross combination of FH-207×FH-114, MNH992×FH-114, CRS-456×FH-114, Kahkashan×MNH-992, MNH-992×FH-207 and Kahkashan×CRS-456 the greater values were
noted for RE as 5.6417, 4.6833, 4.5817,4.4650, 3.3933 and 2.9900respectively for boll numbers while the cross of
Kahkashan×FH-114 (-2.2600 ) presented minimum value for RE for number of boll on individual plant. All other crosses
founded to have no variation for boll numbers. The cross combination with more value of RE showing the maternal effects
can be utilized for the yield enhancement of cotton (Azhar et al. 2005).
From the table 6 we can analyzed that the higher value of SCA (19.3310) and dominant variance for crosses (19.3310) is
shown while the less value of GCA (1.8735) and additive variance is (3.747) is shown. From the table 6 greater value for
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SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the yield improvement
in cotton. Because of less value of reciprocal variance than SCA variance were 11.3859 and 19.3310 respectively which
indicates that there is non additive type of gene action. Exact like that result were determine by Murtaza et al. (2005) and
Singh et al. (2010).
Table 6: Combining ability of 5 x 5 diallel Analysis of number of bolls per plant in upland cotton Gossypium hirsutum
L.
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
4
83.5080
20.8770
9.7464**
1.8735
δ2A=3.747
SCA
10
214.7302
21.4730
10.0247**
19.3310
δ2D=19.3310
RCA
10
249.1380
24.9138
11.6310**
11.3859
Error
24
2.1420
* = Significant **= Highly Significant N.S = Non Significant
Table 5: Various genetic effects of parents and crosses for number of bolls per plant upland cotton (Gossypium
hirsutum L.).
Parents
GCA
FH-114
FH-207
CRS-456
MNH-992
Kahkashan
S.E. ( gi - gj )
Direct Crosses
FH-114×FH-207
FH-114×CRS-456
FH-114×MNH-992
FH-114×Kahkashan
FH-207×CRS-456
FH-207×MNH-992
FH-207×Kahkashan
CRS-456×MNH-992
CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )
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-0.5163 ns
-2.0033 **
0.1683 ns
0.3763 ns
1.9750 **
0.4140
SCA
2.3580 **
-0.6903 ns
-4.1150 **
-2.2487 *
-1.6583 ns
-1.5347 ns
-1.3683 ns
-1.3080 ns
5.5967 **
0.5637 ns
1.1709 0.8534
RCA
5.6417 **
4.5817 **
0.3117 ns
4.6833 **
3.3933 **
-1.4550 ns
-2.2600 *
-1.4500 ns
2.9900 **
4.4650 **
1.0349
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From the analysis of variance for seed cotton yield of individual plant the significant variation exists between the genotype
of cotton for various combining ability effects such as SAC, GCA and RE. The table 7 clearly represented that in the 5×5 full
diallel analysis the genotype CRS-456 (1.3180) showed the greater value of GCA for seed cotton yield of individual plant
while the genotype MNH-992 (-1.6320) and FH-114 (-0.8087) showed the minimum value of GCA for seed cotton yield of
individual plant. Table also satisfied that when the value of SCA is greater than the seed cotton yield is governed by
dominant type of gene action which valuable for selection of better is yielding genotype (Chincanc et al. 2007).
Table 7 represents that in cross of CRS-456×MNH-992, FH-207×Kahkashan and FH-114×Kahkashan the higher value for
SCA noted as 5.0020, 3.2653 and 1.7753 with significant variation for seed cotton yield while in other crosses of FH207×CRS-456, FH-114×MNH-992 and FH-114×FH-207with respective values of minimum SCA are-4.1313, -3.6047 and 1.9880. The cross combination with greater value of SCA for individual seed cotton yield can be utilized for further
selection of good yielding cultivars and may also involved in heterosis breeding (Yong-Jun et al., 2006).In reverse cross
combination of MNH-992×CRS-456, MNH-992×FH-207, MNH-992×FH-114 and Kahkashan×CRS-456greater values were
noted for RE as 4.3500, 3.2333,3.0333and 2.4500 respectively for seed cotton yield while the cross ofCRS-456×FH-114 and
FH-207×FH-114 as-5.1000 and -2.7833 presented minimum value for RE for cotton yield. All other crosses founded to have
no variation for yield of cotton. The cross combination with more value of RE showing the maternal effects can be utilized
for the yield enhancement of cotton (Azhar et al. 2005).
From the table 8 we can analyzed that the higher value of SCA (19.5108) and dominant variance for crosses (19.5108) is
shown while the less value of GCA (1.2319) and additive variance is (2.4638) is shown. From the table 8 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the yield improvement
in cotton. Because of less value of reciprocal variance than SCA variance were 7.4239 and 19.5108 respectively which
indicates that there is non additive type of gene action. Exact like that result were determine by Kiani et al. (2007) and
Anisa et al. (2005).
Table 8: Combining ability of 5 x 5 diallel Analysis of seed cotton in American cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
4
56.8538
14.2134
7.5032**
1.2319
δ2A=2.4638
SCA
10
214.0512
21.4051
11.2996**
19.5108
δ2D=19.5108
RCA
10
167.4222
16.7422
8.8381**
7.4239
Error
24
1.8943
* = Significant **= Highly Significant N.S = Non Significant
Table 7: Various genetic effects of parents and crosses for yield of seed cotton of Gossypium hirsutum L.
Parents
GCA
FH-114
-0.8087 *
FH-207
0.5347 ns
CRS-456
1.3180 **
MNH-992
-1.6320 **
Kahkashan
0.5880 ns
S.E. ( gi - gj )
0.3893
Direct Crosses
SCA
FH-114×FH-207
-1.9880 *
FH-114×CRS-456
1.5787 ns
FH-114×MNH-992
-3.6047 **
FH-114×Kahkashan
1.7753 *
FH-207×CRS-456
-4.1313 **
FH-207×MNH-992
0.5687 ns
FH-207×Kahkashan
3.2653 **
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CRS-456×MNH-992
CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

5.0020 **
-0.0680 ns
1.0153 ns
1.1011 0.8025
RCA
-2.7833 **
-5.1000 **
0.6667 ns
3.0333 **
3.2333 **
4.3500 **
-1.9333 ns
0.1333 ns
2.4500 *
1.0833 ns
0.9732

From the analysis of variance for individual boll weight significant variation exists between the genotype of cotton for
various combining ability effects such as SAC, GCA and RE. The table 9 clearly represented that in the 5×5 full diallel
analysis the genotype FH-114 (0.2058) showed the greater value of GCA for individual boll weight of individual plant while
the genotype FH-207 (-0.1145) showed the minimum value of GCA for individual boll weight. Table also satisfied that when
the value of SCA is greater than the boll weight is governed by dominant type of gene action which valuable for selection
of better yielding genotype with more boll weight (Kiani et al., 2007).
Table 9 represents that in cross of FH-114×FH-207the higher value for SCA noted as 0.2469 with significant variation for
individual boll weight while in other crosses of FH-207×MNH-992with respective values of minimum SCA are-0.3208. The
cross combination with greater value of SCA for boll weight can be utilized for further selection of good yielding cultivars
and may also involved in heterosis breeding (Yong-Jun et al., 2006).
In reverse cross combination ofKahkashan×FH-114and MNH-992×FH-207 greater values are noted for RE as 0.3933 and
0.3150 respectively for individual boll weight while all other crosses founded to have no variation for boll weight. The
cross combination with more value of RE showing the maternal effects can be utilized for the yield enhancement of cotton
(Azhar et al. 2005).
From the table 10 we can analyzed that the higher value of SCA (0.0317) and dominant variance for crosses (0.0317) is
shown while the less value of GCA (0.0118) and additive variance is (0.0236) is shown. From the table 10 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the yield improvement
in cotton. Because of less value of reciprocal variance than SCA variance were 0.0155 and 0.0317respectively which
indicates that there is non additive type of gene action. Exact like that result were determine by Ahmad et al. (2000).
Table 10: Combining ability of 5 x 5 diallel Analysis of boll weight in upland cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
4
0.6296
0. 7415
4.0374*
0.0118
δ2A=0.0236
SCA
10
0.7071
0.0707
1.8139ns
0.0317
δ2D=0.0317
RCA
10
0.7001
0.0700
1.7961ns
0.0155
Error
24
0.0390
* = Significant
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Table 9: Various genetic effects of parents and crosses for Boll weight in upland cotton (Gossypium hirsutum L.).
Parents
GCA
FH-114
0.2058 **
FH-207
-0.1145 *
CRS-456
0.0188 ns
MNH-992
-0.0782 ns
Kahkashan
-0.0319 ns
S.E. ( gi - gj )
0.0558
Direct Crosses
SCA
FH-114×FH-207
0.2469 *
FH-114×CRS-456
-0.2048 ns
FH-114×MNH-992
0.0539 ns
FH-114×Kahkashan
0.1709 ns
FH-207×CRS-456
-0.0745 ns
FH-207×MNH-992
-0.3208 **
FH-207×Kahkashan
0.0212 ns
CRS-456×MNH-992
0.1909 ns
CRS-456×Kahkashan
-0.0555 ns
MNH-992×Kahkashan
-0.0618 ns
S.E. ( sij – sik)
0.1580 0.1151
Indirect crosses
RCA
FH-207×FH-114
-0.0600 ns
CRS-456×FH-114
0.0717 ns
CRS-456×FH-207
-0.0267 ns
MNH-992×FH-114
0.0467 ns
MNH-992×FH-207
0.3150 *
MNH-992×CRS-456
-0.0150 ns
Kahkashan×FH-114
0.3933 **
Kahkashan×FH-207
-0.0167 ns
Kahkashan×CRS-456
0.2500 ns
Kahkashan×MNH-992
0.1467 ns
S.E. ( rij – rkl )
0.1396
From the analysis of variance for seed cotton yield of individual plant significant variation exists between the genotype of
cotton for various combining ability effects such as SAC, GCA and RE. The table 11 clearly represented that in the 5×5 full
diallel analysis the genotype FH-207 (0.1329) showed the greater value of GCA for lint index while all other genotype were
founded to have no variation for GCA of lint index. Table also satisfied that when the value of SCA is greater than the lint
index is governed by dominant type of gene action which valuable for selection of better yielding genotype with good lint
index (Imran et al., 2012).
Table 11 represents that in cross of FH-114×FH-207 and CRS-456×Kahkashan the higher value for SCA noted as 0.3601 and
0.2047with significant variation for lint index while in other cross MNH-992×Kahkashan with respective values of minimum
SCA are-0.2139. The cross combination with greater value of SCA for lint index can be utilized for further selection of good
yielding cultivars and may also involved in heterosis breeding (Kaliyaperumal et al., 2010).
In reverse cross combination of Kahkashan×FH-207, Kahkashan×MNH-992and CRS-456×FH-114 greater values are noted
for RE as 0.3017,0.4750 and 0.2717 respectively for lint index while the cross ofKahkashan×CRS-456and FH-207×FH-114as0.4883 and -0.2650 presented minimum value for RE for lint index. All other crosses founded to have no variation for lint
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index. The cross combination with more value of RE showing the maternal effects can be utilized for the better genotypes
for lint index (Mukhtar et al. 2000).
From the table 12 we can analyzed that the higher value of SCA (0.0498) and dominant variance for crosses (0.0498) is
shown while the less value of GCA (0.0040) and additive variance is (0.0080) is shown. From the table 12 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the lint quality
improvement in cotton. Because of less value of reciprocal variance than SCA variance were 0.0080and 0.0498 respectively
which indicates that there is non additive type of gene action. Exact like that result were determine by Kiani et al. (2007),
Azhar et al. (2005) and Rauf et al. (2005).
Table 12: Combining ability of 5 x 5 diallel Analysis of lint index in upland cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
4
0.2491
0.0623
2.7744*
0.0040
δ2A=0.0080
SCA
RCA
Error

10
10
24

0.7227
1.4753

0.0723
0.1475
0.0224

3.2197**
6.5722**

0.0498
0.0625

δ2D=0.0498

* = Significant **= Highly Significant N.S = Non Significant
Table 11: Various genetic effects of parents and crosses for lint index in upland cotton (Gossypium hirsutum L.).
Parents
GCA
FH-114
-0.0224 ns
FH-207
0.1329 **
CRS-456
0.0049 ns
MNH-992
-0.0631 ns
Kahkashan
-0.0524 ns
S.E. ( gi - gj )
0.0424
Direct Crosses
SCA
FH-114×FH-207
0.3601 **
FH-114×CRS-456
-0.0019 ns
FH-114×MNH-992
-0.0673 ns
FH-114×Kahkashan
-0.1579 ns
FH-207×CRS-456
-0.1606 ns
FH-207×MNH-992
0.0507 ns
FH-207×Kahkashan
-0.0866 ns
CRS-456×MNH-992
0.0221 ns
CRS-456×Kahkashan
0.2047 *
MNH-992×Kahkashan
-0.2139 *
S.E. ( sij – sik)
0.1199 0.0874
Indirect crosses
RCA
FH-207×FH-114
-0.2650 *
CRS-456×FH-114
0.2717 *
CRS-456×FH-207
0.0017 ns
MNH-992×FH-114
0.0783 ns
MNH-992×FH-207
0.0717 ns
MNH-992×CRS-456
0.1350 ns
Kahkashan×FH-114
-0.0950 ns
Kahkashan×FH-207
0.3017 **
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Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

-0.4883 **
0.4750 **
0.1059

From the analysis of variance for seed significant variation exists between the genotype of cotton for various combining
ability effects such as SAC, GCA and RE. The table 13 clearly represented that in the 5×5 full diallel analysis the genotype
CRS-456 (0.1541) showed the greater value of GCA for seed index while all other genotype were founded to have no
variation for GCA of seed index. Table also satisfied that when the value of SCA is greater than the seed index is governed
by dominant type of gene action which is valuable for selection of better genotype for seed index (Kiani et al., 2007).
Table 13 represents that in cross of CRS-456×MNH-992, FH-114×CRS-456, FH-207×Kahkashanand FH-114×FH-207the
higher value for SCA noted as 0.7489, 0.6186, 0.6109 and 0.5099 with significant variation for seed index while in other
crosses of FH-207×CRS-456 and MNH-992×Kahkashan with respective values of minimum SCA are-0.6504 and -0.4431.
The cross combination with greater value of SCA for seed index can be utilized for further selection of good cultivars and
may also involved in heterosis breeding (Nadeem et al., 2006).
In reverse cross combination of MNH-992×FH-207,Kahkashan×FH-114, Kahkashan×CRS-456 and CRS-456×FH-207greater
values were noted for RE as 0.9133, 0.7733, 0.6017 and 0.3733respectively for seed index while the cross
ofKahkashan×FH-207, MNH-992×FH-114and FH-207×FH-114 as -0.7117, -0.4383 and -0.3817 presented minimum value
for RE for seed index. All other crosses founded to have no variation for yield of seed index. The cross combination with
more value of RE showing the maternal effects can be utilized for the enhancement of index (Mukhtar et al. 2000).
From the table 14 we can analyzed that the higher value of SCA (0.5650) and dominant variance for crosses (0.5650) is
shown while the less value of GCA (0.0024) and additive variance is (0.0048) is shown. From the table 14 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the seed index
improvement in cotton. Because of less value of reciprocal variance than SCA variance were 0.25 and 0.5650 respectively
which indicates that there is non additive type of gene action. Exact like that result was determined by Kiani et al. (2007),
Azhar et al. (2005) and Muthu et al. (2005).
Table 14: Combining ability of 5 x 5 diallel Analysis of Seed index in upland cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
SCA
RCA
Error

4
10
10
24

0.3699
6.3372
5.7051

0.0925
0.6337
0.5705
0.0688

1.3448ns
9.2153**
8.2962**

0.0024
0.5650
0.25

δ2A=0.0048
δ2D=0.5650

* = Significant **= Highly Significant N.S = Non Significant
Table 13: Various genetic effects of parents and crosses for seed index in upland cotton (Gossypium hirsutum L.).
Parents
GCA
FH-114
-0.0346 ns
FH-207
0.0094 ns
CRS-456
0.1541 *
MNH-992
-0.0216 ns
Kahkashan
-0.1073 ns
S.E. ( gi - gj )
0.0742
Direct Crosses
SCA
FH-114×FH-207
0.5099 **
FH-114×CRS-456
0.6186 **
FH-114×MNH-992
0.1459 ns
FH-114×Kahkashan
-0.1701 ns
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FH-207×CRS-456
FH-207×MNH-992
FH-207×Kahkashan
CRS-456×MNH-992
CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

-0.6504 **
-0.1581 ns
0.6109 **
0.7489 **
-0.2121 ns
-0.4431 **
0.2098 0.1529
RCA
-0.3817 *
-0.1817 ns
0.3733 *
-0.4383 *
0.9133 **
-0.1367 ns
0.7733 **
-0.7117 **
0.6017 **
0.1517 ns
0.1854

From the analysis of variance for first fruiting branch significant variation exists between the genotype of cotton for various
combining ability effects such as SAC, GCA and RE. The table 15 clearly represented that in the 5×5 full diallel analysis the
genotype MNH-992 (0.3246) showed the greater value of GCA for first fruiting branch while all other genotype were
founded to have no variation for GCA of first fruiting branch. Table also satisfied that when the value of SCA is greater
than the first fruiting branch is governed by dominant type of gene action which is valuable for selection of better genotype
with earlier first fruiting branch (Kaliyaperumal et al., 2010).
Table 15 represents that in cross of CRS-456×MNH-992and FH-207×CRS-456the higher value for SCA noted as 0.8191 and
0.7527 with significant variation for first fruiting branch yield while in other crosses of CRS-456×Kahkashan and FH207×MNH-992with respective values of minimum SCA are-1.8933 and -1.0476. The cross combination with greater -ve
value of SCA for first fruiting branch can be utilized for further selection of good yielding cultivars and may also involved
in heterosis breeding (Basel et al., 2011).
In reverse cross combination of Kahkashan×CRS-456greater values are noted for RE as 1.1600 for first fruiting branch while
the cross ofCRS-456×FH-207and Kahkashan×FH-114as -0.8217 and -0.8117 presented minimum value for RE for first
fruiting branch. All other crosses founded to have no variation for first fruiting branch. The cross combination with more
value of RE showing the maternal effects can be utilized for the yield enhancement of cotton (Amein et al. 2013).
From the table 16 we can analyzed that the higher value of SCA (1.3785) and dominant variance for crosses (1.3785) is
shown while the less value of GCA (0.0201) and additive variance is (0.0402) is shown. From the table 16 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the earlier first fruiting
branches. Because of less value of reciprocal variance than SCA variance were 0.2682 and 1.3785 respectively which
indicates that there is non additive type of gene action. Exact like that result were determine by Kiani et al. (2007) and
Azhar et al. (2005).
Table 16: Combining ability of 5 x 5 diallel Analysis of First fruiting branch in upland cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
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GCA

4

2.0664

0.5166

1.6392ns

0.0201

SCA

10

16.9368

1.6937

5.3743**

1.3785

RCA

10

8.5158

0.8516

2.7022*

0.2682

Error

24

δ2A=0.0402
δ2D=1.3785

0.3151

* = Significant

**= Highly Significant N.S = Non Significant

Table 15: Various genetic effects of parents and crosses for first fruiting branch in upland cotton (Gossypium hirsutum
L.).
Parents
GCA
FH-114
FH-207
CRS-456
MNH-992
Kahkashan
S.E. ( gi - gj )
Direct Crosses
FH-114×FH-207
FH-114×CRS-456
FH-114×MNH-992
FH-114×Kahkashan
FH-207×CRS-456
FH-207×MNH-992
FH-207×Kahkashan
CRS-456×MNH-992
CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )
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-0.2884 ns
0.0543 ns
0.0293 ns
0.3246 *
-0.1197 ns
0.1588
SCA
0.5037 ns
-0.0596 ns
0.4617 ns
-0.1323 ns
0.7527 *
-1.0476 **
0.0567 ns
0.8191 *
-1.8933 **
0.6097 ns
0.4491 0.3273
RCA
0.6700 ns
-0.6650 ns
-0.8217 *
-0.1600 ns
0.4400 ns
-0.2783 ns
-0.8117 *
-0.3900 ns
1.1600 **
0.4883 ns
0.3970
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From the analysis of variance for lint percentage significant variation exists between the genotype of cotton for various
combining ability effects such as SAC, GCA and RE. The table 17 clearly represented that in the 5×5 full diallel analysis the
genotype MNH-992 (1.8291) showed the greater value of GCA for lint percentage while the genotype CRS-456 (-0.9734)
and Kahkashan (-0.8599) showed the minimum value of GCA for lint percentage. Table also satisfied that when the value
of SCA is greater than the Lint percentage is governed by dominant type of gene action which is valuable for selection of
better genotype with lint percentage(Amein et al., 2013).
Table 17 represents that in cross of CRS-456×Kahkashan and FH-114×CRS-456the higher value for SCA noted as 1.0246
and 0.9477 with significant variation for lint percentage while in other crosses of MNH-992×Kahkashan and FH-207×MNH992with respective values of minimum SCA are-2.4207 and -1.1001. The cross combination with greater +ve value of SCA
for lint percentage can be utilized for further selection of good yielding cultivars and may also involved in heterosis
breeding (Base et al., 2011).
In reverse cross combination of MNH-992×FH-207and MNH-992×CRS-456greater values were noted for RE as 0.9867 and
0.9750 for lint percentage while the cross ofKahkashan×FH-207as -1.0067 presented minimum value for RE for lint
percentage. All other crosses founded to have no variation for first fruiting branch. The cross combination with more value
of RE showing the maternal effects can be utilized for the enhancement of lint percentage (Azhar et al. 2005).
From the table 18 we can analyzed that the higher value of SCA (3.7468) and dominant variance for crosses (3.7468) is
shown while the less value of GCA (1.2262) and additive variance is (2.4524) is shown. From the table 18 greater value for
SCA and dominance variance determine that these genotypes can be utilized in hybrid breeding for the lint percentage.
Because of less value of reciprocal variance than SCA variance were 0.2604 and 3.7468 respectively which indicates that
there is non additive type of gene action. Exact like that result were determine by Amein et al. (2013) and Azhar et al.
(2005).
Table 18: Combining ability of 5 x 5 diallel Analysis of GOT in upland cotton (Gossypium hirsutum L.).
SOV
D.F
SS
MS
F Value)
Variance(δ2)
Genetic effects
GCA
SCA
RCA
Error

4
10
10
24

50.5811
41.2981
9.0393

12.6453
4.1298
0.9039
0.3830

33.0181**
10.7834**
2.3602*

1.2262
3.7468
0.2604

δ2A=2.4524
δ2D=3.7468

* = Significant **= Highly Significant N.S = Non Significant
Table 17: Various genetic effects of parents and crosses of GOT in upland cotton (Gossypium hirsutum L.).
Parents
GCA
FH-114
-0.1130 ns
FH-207
0.1173 ns
CRS-456
-0.9734 **
MNH-992
1.8291 **
Kahkashan
-0.8599 **
S.E. ( gi - gj )
0.1750
Direct Crosses
SCA
FH-114×FH-207
-0.3296 ns
FH-114×CRS-456
0.9477 *
FH-114×MNH-992
-0.3681 ns
FH-114×Kahkashan
0.6493 ns
FH-207×CRS-456
0.1107 ns
FH-207×MNH-992
-1.1001 **
FH-207×Kahkashan
0.1589 ns
CRS-456×MNH-992
0.0323 ns
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CRS-456×Kahkashan
MNH-992×Kahkashan
S.E. ( sij – sik)
Indirect crosses
FH-207×FH-114
CRS-456×FH-114
CRS-456×FH-207
MNH-992×FH-114
MNH-992×FH-207
MNH-992×CRS-456
Kahkashan×FH-114
Kahkashan×FH-207
Kahkashan×CRS-456
Kahkashan×MNH-992
S.E. ( rij – rkl )

1.0246 **
-2.4207 **
0.4951 0.3609
RCA
-0.5467 ns
-0.0900 ns
0.4267 ns
0.8583 ns
0.9867 *
0.9750 *
0.4650 ns
-1.0067 *
0.0200 ns
-0.3738 ns
0.4376

A significant variation is existed among all the parental genotypes which were studied currently at (p=0.5) for almost all
parameter such as height of plant, direct fruit bearing branches, number of boll, weight of boll, lint index and percentage
of lint for GCA except than the seed index and monopodial branches as elaborated in table 4.14. While in case of the direct
crosses traits except than the direct and indirect fruit bearing branches and weight of boll all other parameter were
founded to have maximum variation among them. In case of reciprocal crosses excluding the indirect fruit bearing
branches and weight of boll all characters were determined as significant which is elaborated from table 4.14.
Calculated combining ability in American cotton for various parameters and their mean square value as well as genetic
variance for every parameter indicates the maximum variation at (p=0.5) as visible in tables (4.11, 4.12 and 4.13) which
promoted us to use Grilling’s approach (1956) for the determination of part or sharing of variance from the parental
genotypes due the causes of SCA, GCA and RE and their inheritance pattern for various parameter under study in American
cotton.
Calculated data from the experiment determine the maximum variation is present due to the cause of GCA and variation
observed by the cause of SCA are smaller than that of GCA for parameter such as height of plant, direct fruit bearing
branches, number of boll, weight of boll, lint index and percentage of lint which represented in table 4.14. It is estimation
that the sharing of reciprocal and general combining ability effects more than that of SCA for parameter plant height,
sympodial branches, number of bolls and seed index while the SCA effects were indicated more for seed cotton yield,
lint index, got and first fruiting branch than the reciprocal and general combining ability effects from table 4.14.
From the result table 4.14 investigated that the parameter plant height, monopodial branches, boll per plant, seed cotton
yield and its related traits were highly governed by the non additive typeof gene action because the value of GCA/SCA
ratio is less than one which indicates that hybrids are more vigorous for all parameter under study. Same results for
additive non additive gene action were earlier observed for such parameter by the Amein et al. (2013) and Ali et al. (2017).
AUTHOR CONTRIBUTIONS
All authors contributed equally.
CONFLICTS OF INTEREST
The authors declare no conflict of interest.
REFERENCES
1. Ahmad, S., T. M. Khan and A. M. Khan. 2000. Genetic
studies of some important quantitative characters in
Gossypium hirsutum L. Int. J. Agric. Biol. 2(1-2):121124.
287 | P a g e

2. Ali, B., M.S. Iqbal, M.K.N. Shah, G. Shabbir and N.M.
Cheema. 2011. Genetic analysis for various traits in
cotton (Gossypium hirsutum L). Pak. J. Agric. Biol. 10:
217-220.

© 2019 RnD Journals. All Rights Reserved. www.rndjournals.com | OPEN ACCESS
Khan et al., 2019 The. Int. J. Biol. Res. 2019

3. Amein, M.M.M., M.I. Masri, A.M.R. Abd El-Bary and
S.S. Attia. 2013. Combining ability and heterosis for
yield and fiber quality traits in cotton (Gossypium
barbadense L.). Egypt. J. Plant Breed 17(5): 129 – 141.
4. Anisa, L., G. M. Baloch, M. B. Kumbhar and M. Ali,
2005.Combining ability analysis for some economic
characters in cotton. Indus Cotton, 2(1): 85-88.
5. Azhar, M. T., A.A. Khan. 2005. Combining ability
analysis of seed cotton yield and its components in
canon (Gossypium hirsutum L.). P. J. S. I. R 48 (5): 358361.
6. Basal, H., O. Canavar, N.U Khan and C.S. Cerit. 2011.
Combining ability and heterotic studies through line ×
tester in local and exotic upland cotton genotypes.
Pak. J. Bot. 43(3): 1699-1706.
7. Chincanc, V. N., V. U. Kale, D. G. Chandankar, N. B.
Chincane and H. D. Sarang. 2002. Studies of combing
ability in cotton (Gossypium hirsutum L.) Ann. Plant.
Physiol. 16(2): 160-165.
8. Hussain, A., F.M. Azhar, M.A. Ali, S. Ahmad and K.
Mahmood. 2010. Genetic studies of fiber quality
characters in upland cotton. J. Anim. Plant Sci. 20(4):
234-238.
9. Imran, M., A. Shakeel, F. Azhar, J. Farooq, M. Saleem,
A. Saeed and A. Javaid. 2012. Combining ability
analysis for within-boll yield components in upland
cotton (Gossypium hirsutum L.). Gene. Mol. Res. 11:
2790-2800.
10. Islam, M.K., Md. Akhteruzzaman and Md. Farid Uddin.
2014. Heterosis test and estimation of general and
specific combining ability of the crossed cotton
genotypes. A. Res. Rep. Cotton Development Board,
Ministry of Agriculture, Bangladesh. 83-96.
11. Kaliyaperumal, A. 2010. Combining ability estimates
for yield and fiber quality traits in line x tester crosses
of upland cotton. (Gossypium hirsutum).int. J. Biol.
2.179-183.
12. Kiani, K. G., Ali, N. Zadeh, S. K. Kazemit. 0. Alisha. 2007.
Combining ability in cotton cultivars for agronomic
traits. Int. J. Agric. Bi I. 0(3): 5'1-522.
13. Memon, M.J., M.B. Kumbhar, M.J. Rind, M.I. Keerio
and S.Memon. 2016. Combining ability estimates for
yield and fiber quality parameters in Gossypium
Hirsutum L. hybrids. J. B. A. Sci. 12: 53-58.
14. Memon, S., P.A. Shar, A.G. Shar, S. Memon, S. Memon,
M.A. Memon and A.H. Shar. 2014. Biometrical analysis
of some quantitative traits of cotton (Gossypium
hirsutum L). Int. J. Sci. Environ. 3(6): 2069-2075.
288 | P a g e

15. Murtaza, N. 2005.Study of gene effects for boll
number, boll weight, and seed index in cotton. J. Cent.
Eur. Agri. 6(3): 255-262.
16. Nadeem, K. and F. M. Azhar, 2004. Genetic analysis of
seed cotton yield and its components in Gossypium
hirsutum L. Int. J. Agri. Biol. 6(5): 865-868.
17. Patel, D.H., D.U. Patel and V. Kumar. 2014. Heterosis
and combining ability analysis in tetraploid cotton
(G.hirsutum L. and G.barbadense L.). Elec. J. Plant
Breeding 5(3): 408-414.
18. Rauf, S., T.M. Khan and S. Nazir. 2005. Combining
ability and heterosis in Gossypium hirsutum L. Int. J.
Agric. Biol. 7: 109-113.
19. Shakeel, A., S. Ahmad., M. Naeem., H.M.N. Tahir., M.F.
Saleem., S. Fred and W. Nazeer. 2012. Evaluation of
Gossypium hirsutum L. Genotypes for combining
ability studies of yield and quality traits. J. Inst. Sci.
Tech. 2: 67-70.
20. Shaukat, S.H.A.D.A.B., T.M. Khan, A.M.I.R. Shakeel and
S.I.D.D.R.A. Ijaz. 2013. Estimation of best parents and
superior cross combinations for yield and fiber quality
related traits in upland cotton (Gossypium hirsutum
L.). J. Sci. Tech. Dev. 32: 281-284.
21. Singh, S., V.V. Singh and A.D. Choudhary. 2010.
Combining ability estimates for oil content, yield
components and fiber quality traits in cotton (G.
hirsutum) using an 8 × 8 diallel mating design. Trop.
Subtrop. Agroecosystems 12: 161-166.
22. Yong-Jun, M.E.I., Y.E. Zi-Hong, and Li-Li Zhang. 2006.
Genetic Analysis for F1 Yield Traits with Conditional
Approach in Island Cotton (Gossypium barbadense L.).
Acta Genetica Sinica, 33(9): 841-850.

© 2019 RnD Journals. All Rights Reserved. www.rndjournals.com | OPEN ACCESS
Khan et al., 2019 The. Int. J. Biol. Res. 2019

