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ABSTRACT

An experiment was executed during Kharif 2021 at Regional Agricultural Research Station, Lam, Guntur in
randomized block design (RBD) in two replications for estimation of combining ability of the parents and
gene effects and also the extent of heterosis using line × tester fashion design. Statistical data were collected
on the biometrical observations viz., days to 50% flowering, plant height (cm), number of monopodia/
plant, number of sympodia/plant, number of bolls per plant, boll weight (g), seed index (g), lint index (g),
Ginning Out Turn (GOT %), seed cotton yield (kg/ha) and lint yield (kg/ha). The lines GISV298 and SCS1207;
the testers, Lam GPC 501 and Lam GPC 355 exhibited positive General Combining Ability (GCA) effects for
the traits Ginning Out Turn (GOT%), Seed Cotton Yield (SCY) and Lint Yield (LY) signifying that these
were good general combiners. The cross combinations viz., TCH1837/GP117, GISV298/GP274, and SCS1207
/ GP117 expressed significant specific combining ability (SCA) effects for Seed Cotton Yield (SCY) and Lint
Yield (LY). The cross combination, SCS1207/ Lam GPC 355 was identified as the best hybrid combination
with high GCA and SCA for important traits like GOT, seed cotton yield, and lint yield coupled with
significant positive heterosis which can be further tested in multi-location testing at the station and all
India level.

Key words: Cotton, Line × Tester Analysis, General Combining Ability (GCA), Specific Combining Ability (SCA), and
Heterosis.

Introduction

Cotton is one of the important natural fibre crops
widely used in the textile industry, a source of ed-
ible oil and planted in more than 80 countries/re-
gions of the world. The main aim of the cotton
breeder is to develop high-yielding cotton varieties,
through heterosis breeding using selection and hy-
bridization methods in the available germplasm.
The association between genetic and non-genetic
components has complex nature. The selection of

plants with desirable traits depends on the objectives
of the breeder. At this juncture, for the development
of promising genotypes, it is essential to study the
genetic material for nature and the degree of corre-
lation between the seed cotton yield and other attrib-
uting traits. The study of the magnitude of variation
in a particular trait in each plant and its inheritance
to the next generation is of utmost importance for
the effective screening of the breeding population.

The combination of ability or productivity is the
combination of cross-line potential concerning the
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transfer of desirable genes to their progeny. The
ability of combination between two parents has
been classified into general combining ability, de-
fined as the average performance of a line in a series
of crosses, and specific combining ability is known
as performance in specific combination consanguin-
eous parents (Sprague and Tatum, 1942).

Hybrid cotton is growing in many countries like
China, India, Vietnam, and Myanmar (Ansari, 2011).
In India, Rajasthan, Haryana and Punjab, and West-
ern Uttar Pradesh of the North Zone, Gujarat,
Madhya Pradesh, and Maharashtra of the Central
Zone, Karnataka, Andhra Pradesh, and Tamil Nadu
of the South zone cover about 95% of the cotton area
and also contribute about 95% to the total cotton
production. Commercial cultivation of cotton hy-
brids has brought about substantial change in cotton
production in India in terms of quality and quantity.
Seed cotton yield is a complex polygenic trait gov-
erned by many genes whose individual effect is very
minor and greatly influenced by the environment.
Hence, the utmost importance should be given to
increasing the productivity of better-quality raw
cotton.

The evidence on combining ability for seed cotton
yield and its attributing traits guides to select of suit-
able parents and promising cross combination in a
breeding program. Based on combining ability and
gene action, parents and cross combinations can be
selected to get the best phenotypic performance.
Usharani et al. 2016 stated that the line x tester
analysis is one of the most important statistic-genetic
methods that offer existing information about the
general combing ability of parents (GCA) and the
specific combining abilities of their crosses (SCA).

Materials and Methods

The current investigation was executed at Regional
Agricultural Research Station (RARS), Lam, Guntur
during Kharif 2021 by using the experimental mate-
rial of three lines and six testers along with 18 F1
hybrids in Randomized Block Design (RBD) in two
replications to estimate general combining ability of
parents and specific combing ability of the F1 hy-
brids. Each parent and F1 hybrid were sown in two
rows of 6m in length each with a spacing of 105 x 60
cm. The necessary package of practices was imple-
mented to raise a healthy crop. Statistical data were
recorded on five randomly selected plants in all the
replications for the traits viz., days to 50% flowering,

plant height (cm), number of monopodia/ plant,
number of sympodia/plant, number of bolls/plant,
boll weight (g), seed index (g), lint index (g), Gin-
ning Out Turn (GOT) (%), Seed Cotton Yield (SCY)
(kg/ha) and Lint Yield (LY) (kg/ha).
Statistical analysis: The collected data were sub-
jected to statistical analysis for ANOVA as proposed
by Gomez and Gomez (1984), heterosis and
heterobeltiosis according to Falconer (1989), and the
line x tester as recommended by Kempthorne (1957)
as implemented by Singh and Chaudhary (1979).
The significance of Heterosis was determined using
the least significant difference value (L.S.D) at 0.05
and 0.01 levels of probability according to Steel and
Torrie (1980).

Results and Discussion

The average performance of the hybrids and their
parents was presented in Table 1. The F1hybrids,
SCS1207 / GP51, SCS1207 / GP355, GISV298 /
GP274, GISV298 / GP355, GISV298 / GP501 and
TCH1837 / GP117 were identified as top performers
for seed cotton yield, while the F1hybrids, SCS1207
/ GP355 followed by GISV298 / GP274, GISV298 /
GP355 exhibited high lint yield. The F1hybrids,
GISV298 / GP355, SCS1207 / GP501, SCS1207 /
GP274 and SCS1207 manifested high ginning out
turn per cent. The tester Lam GPC 355 showed no-
table average performance by crossing with females
SCS 1207 and GISV 298 for seed cotton and lint
yield.

The lines and testers that have high GCA esti-
mates are considered the best general combiners for
that particular character while the F1 hybrids that
are having high SCA effects are viewed as the speci-
fied best hybrid combination for the said trait.

To know the stake of each component; the rela-
tive role of females (lines), males (testers), and their
interaction (L × T) to whole genetic variance for dif-
ferent traits studied. The mean sum of squares for
combining ability for different traits was presented
in Table 2. Significant differences were observed due
to genotypes from the analysis of variance for all the
traits representing the existence of adequate vari-
ability in the experimental material. The parents
showed a significant mean sum of squares for the
traits, days to 50% flowering, plant height, number
of monopodia/plant, number of bolls/plant, boll
weight, seed index, and lint index whereas the F1

hybrids exhibited significant differences for all the
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traits except for seed index. The crosses (F1 hybrids)
showed great significant variation for all the traits
under study except for the seed index. The lines (L)
exhibited highly significant mean squares for the
traits days to 50% flowering, plant height, number of
sympodia/plant, number of bolls/plant, boll
weight, lint index, GOT % seed cotton yield, and lint
yield while non-significant values were observed for
the number of monopodia/plant and seed index. In
testers, highly significant variances were observed
for days to 50% flowering, plant height, the number
of monopodia/plant, boll weight, seed index, and
lint index whereas non-significant variances were
recorded for the number of sympodia/plant, the
number of bolls/plant, GOT, seed cotton yield and
lint yield. The relative impact of L × T interactions
contributed maximum and significance to the total
sum of squares for the characters except for the seed
index These results were in agreement with the find-
ings of Sivia et al. (2017). Significant differences were
observed among parents, crosses, and parents vs
crosses. This implied adequate genetic variability
among the lines (L), testers (T), and their crosses (F1

hybrids), and hence general combining ability for
lines and testers was estimated and partitioned from
the sum of squares as general comingling ability
(mean squares of lines/females) and Specific Com-
bining Ability (SCA) (mean squares of testers/
males). The non-significance of mean squares of
GCA for lines as well as testers and significance of
line × tester effect for most of the traits indicate the
predominance of both additive and non-additive
gene actions (Chattha et al., 2018; Prakash et al., 2018
and Chapara et al., 2020). The traits, days to 50%
flowering, number of monopodia/plant, and seed
index exhibited high GCA variances than SCA vari-
ances, and GCA to SCA ratio more than unity sug-
gesting the preponderance of additive gene action in
controlling these variables while superior SCA vari-
ances were noticed with plant height, number of
sympodia/plant, number of bolls/plant, boll
weight, lint index, GOT, seed cotton yield and lint
yield signifying the non-additive gene action
(Usharani et al., 2016). The ratio of GCA to SCA less
than unity confirmed the results and hence the selec-
tion of these traits should go through with popula-
tion improvement approaches like recombinant se-
lection in segregating generations.

The proportional contribution of lines, testers,
and their L × T interaction (%) for various traits in
Gossypium hirsutum L was presented in table 3. The T
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line × tester effect was significant for all the traits
except for the seed index while lines and testers ex-
hibited the lowest contribution. Monicashree et al.
2017 reported similar findings in their study.

Combining ability

The GCA and SCA estimates for seed cotton yield
and its attributing traits were given in Tables 4 and
5.
Days to 50% flowering: The lines exhibited a GCA
range from -1.611 (SCS 1207) to 0.972 (TCH 1837),
whereas among the testers the GCA ranged from -
1.528 (Lam GPC 51) to 1.139 (Lam GPC 117). The
negative estimates of GCA are essential for earli-
ness. Nine out of eighteen F1 hybrids showed de-
sired negative SCA effects ranging from -1.889 to -
0.222 for early maturity. The F1 hybrids i.e., SCS1207
/ Lam GPC 355 (-1.8999) and GISV298 / Lam GPC
235 (1.472) were found as best specific cross combi-
nations for early maturity as these hybrids exhibited
maximum negative SCA effects in the desirable di-
rection. At the GCA level, the female line SCS 1207
and the male tester Lam GPC 51 exhibited signifi-
cant negative GCA effects for days to flowering and
performed significant negative SCA effects in their
F1 hybrids through contribution as high × low, low
× high, and low × low general combiners.
Plant height (cm): The lowest GCA values were
observed by the line SCS 1207 (-7.528) and the high-
est was recorded by TCS 1837 (5.472). Concerning
males, the lowest value was noticed with the tester
Lam GPC 274 (-12.194) and the highest with Lam
GPC 117 (12.472). For the trait plant height, ten F1

hybrids revealed positive SCA effects ranging from
0.528 to 21.944, while negative SCA effects were ex-
pressed by eight crosses ranging from -0.472 to -
24.222. The F1 hybrids viz., GISV298 / Lam GPC 51
(21.944) followed by SCS1207 / Lam GPC 235
(13.361) and GISV298 / Lam GPC 274 (11.444) ex-
pressed maximum positive SCA effects with high ×
low, low × high and high × low GCA effects while
the cross combinations GISV298 / Lam GPC 235 fol-
lowed by SCS1207 / Lam GPC 51 exhibited negative
SCA for this trait. The cross combinations viz., GISV
298 / Lam GPC 235, GISV 298 / Lam GPC 117, SCS
1207 / Lam GPC 51, TCH 1837 / Lam GPC 274 with
high × high, low × low and high × low GCA respec-
tively exhibited negative SCA values which are use-
ful for the development of short-statured genotype.
Number of monopodia/plant: The GCA ranged
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from -0.306 (SCS1207) to 0.194 (TCH 1837) for fe-
males whereas the testers exhibited a range from -
0.306 (SCS1207) to 0.194 (TCH 1837). The cross com-
binations, SCS1207 / Lam GPC 355 and TCH1837 /
Lam GPC 117 showed significant negative SCA for
the number of monopodia/plant with low × low
and high × low GCA respectively. Most of the hy-
brid combinations with the line SCS 1207 exhibited
zero monopodia/plant which is desirable for high-
density planting systems. Eleven hybrids out of
eighteen showed zero monopodia per plant which
was in the desirable direction. One hybrid SCS1207
/ Lam GPC 274 showed a significant positive SCA
effect for this trait.
Number of sympodia/plant: The lines exhibited
GCA range from -3.389 (SCS1207) to 2.028 (TCH
1837), while testers’ GCA ranged from -4.306 (Lam
GPC 355) to Lam GPC 117 (2.694). The SCA effects
ranged from -8.528 to 6.722. Nine hybrids out of
eighteen expressed positive SCA effects for this trait
along with high × high, high × low, low × high, and
low × low GCA effects. The cross combination,
SCS1207 / Lam GPC 117 (low × high GCA) exhib-
ited the highest significant positive SCA (6.722) for
this trait.

Number of bolls/plant: For this trait, a GCA range
of -5.75 (SCS 1207) to 6.333 (GISV 298) was observed
for females while testers expressed a range of -5.333
(Lam GPC 235) to 6.000 (Lam GPC 501). Twelve
cross combinations expressed positive SCA effects
ranging from 0583 to 17.417, while leftover six F1
hybrids exhibited negative SCA effects (-28.167 to -
4.083). Highly significant positive SCA effects were
manifested by the F1 cross combination i.e. SCS1207
/ Lam GPC 117 (17.417) followed by GISV298 /
Lam GPC 235 (11.167) and TCH1837 / Lam GPC
117 (10.75) with low × high, high × low and low ×
high GCA effects.
Boll weight (g): For boll weight, the GCA for lines
ranged from -0.528 (TCH 1837) to 0.556 (GISV 298)
whereas testers exhibited a range of -0.361 (Lam
GPC 235) to 0.306 (Lam GPC 501). Positive SCA ef-
fects ranging from 0.028 to 1.028 were shown by ten
F1 hybrids, whereas the rest eight F1 crosses exhib-
ited negative SCA values (-1.556 to -0.139). A signifi-
cant positive SCA effect was possessed by the F1
hybrid TCH1837 / Lam GPC 117 (1.028) followed
by TCH1837 / Lam GPC 501 (0.861). Therefore, par-
ents with low × high GCA effects produced F1 hy-
brids with desirable SCA effects for this trait.T
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Seed Index (g): Overall, the highest
positive GCA effects of 0.078 (SCS
1207) and 1.944 (Lam GPC 117) and
the least -0.472 (TCH 1837) and -1.056
(Lam GPC 51) were expressed by the
females and males respectively. Eight
F1 hybrids revealed positive SCA with
a range of 0.222 to 1.889, while nega-
tive SCA values (-1.528 to -0.028) were
noted in ten F1 hybrids. However, F1

hybrids SCS1207 / Lam GPC 51
(1.889), SCS1207 / Lam GPC 117
(1.389) and GISV298 / Lam GPC 355
(1.306) were identified as best specific
combiners by having maximum SCA
effects. In the above F1 hybrids, the line
SCS 1207 and tester Lam GPC 117
were having high positive GCA effects
while the line GISV 298 and the tester
Lam GPC 51 and Lam GPC 355 exhib-
ited low positive GCA effects.
Lint Index (g): Among the lines, the
maximum GCA effects were observed
by GISV 298 (0.639) and while the least
was exhibited by TCH 1837 (-0.528)
whereas, among the testers, Lam GPC
177 (0.306) and Lam GPC 235 (-0.528)
expressed maximum GCA and mini-
mum GCA respectively. For the lint
index, eight F1 hybrids revealed posi-
tive SCA with a range of 0.278 to 1.361,
while negative SCA values (-2.306 to -
0.056) were exhibited by ten F1 hy-
brids. The F1 hybrid TCH1837 / Lam
GPC 117 (1.361) exhibited significant
positive SCA effects (1.361) followed
by SCS1207 / Lam GPC 117 (0.944),
TCH1837 / Lam GPC 501 (0.861) and
GISV298 / Lam GPC 51 (0.861) were
found as best specific combiners by
having maximum SCA effects. In the
above F1 hybrids, the lines (GISV 298)
and testers Lam GPC 117 and Lam
GPC 501 were having high GCA ef-
fects while the lines TCH 1837, SCS
1207 and the tester Lam GPC 51 exhib-
ited low GCA effects.
Ginning Out Turn (GOT) (%): Maxi-
mum GCA effect was noticed with the
line, SCS 1207 (3.167) while minimum
with TCH 1837 (-5.333). Among the T
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testers, Lam GPC 501 exhibited the high-
est GCA of 4.417 while the least was ex-
pressed by Lam GPC 235 (-3.250). Eight
F1 hybrids exhibited positive SCA effects
ranging from 0.667 to 8.333. The F1 hy-
brids viz., TCH1837 / Lam GPC 117
(8.333) followed by GISV298 / Lam GPC
235 (5.000) and GISV298 / Lam GPC 51
(4.000) expressed maximum positive
SCA with low × high and high × low
GCA effects. Ten cross combinations ex-
hibited negative SCA values for this trait.
Seed Cotton Yield (SCY) (kg/ha):  For
this trait, among lines, GCA ranged from
-261.972 (TCH 1837) to 154.694 (GISV
298) whereas, in the testers, the range
was from -222.222 (Lam GPC 235) to
139.444 (Lam GPC 355). For seed cotton
yield, positive SCA effects were demon-
strated by ten F1 hybrids ranging from
5.472 to 539.806, while eight F1 hybrids
exposed negative SCA effects (-591.361 to
-5.694). However, the highest needed
SCA effects were exhibited by the F1 hy-
brids i.e., TCH1837 / Lam GPC 117
(539.806), SCS1207 / Lam GPC 51
(365.379), GISV298 / Lam and GPC 274
(362.972) for seed cotton yield. Further,
these results revealed that low × low,
high × high, and high × low GCA paren-
tal genotypes were involved in the mani-
festation of desirable SCA effects in F1
hybrids for seed cotton yield.
Lint Yield (kg/ha): The line SCS 1207
(92.722) and GISV 298 (87.389) while the
testers Lam GPC 501 (117.139) and Lam
GPC 355 (68.472) revealed high positive
GCA effects for this trait. Nine out of
eighteen F1 hybrids showed desired posi-
tive SCA effects ranging from 14.444 to
325.778 for this trait while rest nine hy-
brids showed negative SCA effects rang-
ing from -340.222 to -7.056. The F1 hy-
brids i.e., TCH1837 / Lam GPC 117
(325.778), SCS1207 / Lam GPC 355
(164.278), GISV298 / Lam GPC 235
(149.444), GISV298 / Lam GPC 274
(144.944) and TCH1837 / Lam GPC 501
(133.444) were identified as best specific
cross combinations for lint yield as these
hybrids exhibited maximum significant T
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positive SCA effects in the desirable di-
rection. At the GCA level, the female lines
SCS 1207 and GISV 298 and the testers
Lam GPC 117 and Lam GPC 501 showed
high positive GCA effects while the fe-
male TCH 1837 and the males’ Lam GPC
355, Lam GPC 235, and Lam GPC 274 ex-
hibited low GCA effects and contributed
their best F1 hybrids through contribution
as low × high, high × high, high × low
and low × high general combiners. The
hybrids, TCH1837 / Lam GPC 117 fol-
lowed by SCS1207 / Lam GPC 51 and
GISV298 / Lam GPC 274 manifested high
specific combining ability for seed cotton
yield and lint yield.

 Among the lines, GISV 298 followed
by SCS 1207, and among the testers, Lam
GPC 355 followed by Lam GPC 501
showed significant positive GCA effects
for ginning out turn percent, seed cotton
yield, and lint yield and were identified
as the best general combiners/pollinators
for these traits. The line SCS 1207 and the
tester Lam GPC 501 were also identified
for earliness, hence, these can be used for
breeding programs with the objective of
earliness and high yield. Among the par-
ents, the lines viz., GISV 298, SCS 1207
followed by TCH 1837; the testers viz.,
Lam GPC 501, Lam GPC 235, and Lam
GPC 355 yielded high seed cotton yield as
well as lint yield. Concerning GOT (%),
the line SCS 1207 and the testers, Lam
GPC 235 and Lam GPC 117 exhibited
high GOT percent.

In the current investigation, the spe-
cific F1hybrid combinations with high ×
high and high × low general combiners
accomplished well for seed cotton yield/
ha, lint yield/ha, and GOT (%).
Karademir et al., 2016 and Chinchane et
al., 2018, in their investigation, reported
that having at least one good GCA parent
in the hybrid combinations produced
best-performed hybrids for seed cotton
yield as well as for other traits in cotton.
Hence, the traits like seed cotton yield/
ha, lint yield/ha, and ginning out turn
percent could be further improved by us-
ing the high general combiners. T
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Among all eighteen F1 hybrids, TCH1837 / Lam
GPC 117 was the topmost cross combination with
desirable SCA effects for all the traits except for the
seed index involving high × high as well as high ×
low and low x high combinations. The 2nd best scor-
ing F1 hybrids were TCH1837 / Lam GPC 117
(325.778), SCS1207 / Lam GPC 355 (164.278),
GISV298 / Lam GPC 235 (149.444), GISV298 / Lam
GPC 274 (144.944) and TCH1837 / Lam GPC 501
(133.444) which showed desirable SCA effects for
boll weight, ginning out turn, seed cotton yield/ha
and lint yield/ha. It was observed that the best F1

cross combinations were derived from at least one of
the parents with high/average GCA for a given
character in cotton. The females/ lines and males/
testers with needed GCA effects accomplished well
and exhibited extreme genetic variability in their F1

hybrid combinations. It was also noticed that for the
development of good hybrid combinations the par-
ents don’t need to always have high GCA. It was
evident that the parents with low GCA also contrib-
uted to yielding promising hybrids in the current
study. These findings are in agreement with Reddy
et al. 2017. These results indicated the non-additive
gene action for seed cotton yield, lint yield, and gin-
ning out turn hence, selection can be done in F4-F5

generations for these traits.

Heterosis Estimates

Heterosis estimates are used to determine the de-
gree of phenotypic variance due to genetic variance.
Positive heterosis is generally considered desirable
for all studied traits, except days to 50% flowering
and the number of monopodia/plant. The estimates
of mid-parental and better-parental heterosis were
mentioned in Tables 6 and 7. In the current study the
results revealed that out of eighteen F1 crosses, seven
crosses were promising and exhibited positive het-
erotic values relative to the better parent for seed
cotton yield and lint cotton yield. The F1 hybrid
SCS1207 / GP355 exhibited positive better parental
heterosis for the number of bolls/plant, boll weight,
lint index, ginning out turn, seed cotton yield/ha,
and lint yield/ha and exhibited negative heterosis
for days to 50% flowering, plant height and the
number of monopodia in the desirable direction.
The F1 hybrid, GISV298 / GP274 exhibited signifi-
cant positive heterosis for the number of sympodia/
plant, the number of bolls/plant, boll weight, lint
index, seed cotton yield/ha, and lint yield/ha. The

crosses GISV298/GP51, GISV298/GP235, GISV298
/ GP274, SCS1207/GP51, SCS1207 / GP355 and
GISV298 / Lam GPC 274 were identified as promis-
ing crosses with positive mid/better parental het-
erosis for number of bolls/plant, boll weight, lint
index, seed cotton yield/ha and lint yield/ha. Simi-
lar results were reported by Bankar et al. (2018),
Khokhar et al. (2018), Patel and Patel (2018), and
Gnanasekaran et al., 2019.

Conclusion

The current study showed that non-additive gene
effects were important for attaining extreme im-
provement in quantitative traits.

The female lines GISV 298 and SCS 1207 and the
testers Lam GPC 501 and Lam GPC 355 were iden-
tified as the best general combiners, and their in-
volvement in F1 hybrids SCS1207 / Lam GPC 355,
GISV298 / Lam GPC 235, GISV298 / Lam GPC 274
showed the best performance for boll weight, gin-
ning out turn, seed cotton yield and lint yield traits
with positive better parental heterosis.

Therefore, these promising hybrids may be pre-
ferred for future heterosis breeding of cotton crop
improvement programs.

From the current study, the F1 hybrid, SCS1207 /
Lam GPC 355 was considered the best hybrid for
ginning out turn, seed cotton yield/ha, and lint
yield/ha with high GCA and high SCA coupled
with positive better parental heterosis. Hence, this
hybrid can be further tested in multi-location testing
at the station and the All India Coordinated Crop
Improvement program for commercial scale.
Author Contributions: K.V. Siva Reddy and Rani
Chapara wrote the main manuscript text and pre-
pared tables; prepared tables and reviewed the
manuscript, M. Sudha Rani helped in statistical
analysis and overall guidance; B. Sree Lakshmi pro-
vided overall guidance, supervision, and help in the
review of the article, J. Pranaya provided help in
collecting data on biometrical observations.
Ethics approval and consent to participate: Not
applicable.
Conflict of Interest: All authors have no conflict of
interest.
Funding: Funded by Acharya N.G. Ranga Agricul-
tural University under NSP scheme, Lam, Guntur,
Andhra Pradesh, India.



REDDY ET AL S235

References

Ansari, B.A. 2011. Annual reportof Sindh Govt. Project
“production of cotton hybrids with best-combining
ability estimate”. Department of Plant Breeding and
Genetics, Faculty of Crop Production, Sindh Agri-
culture University, Tandojam. 1.

Bankar, A.H., Sangwan, O., Nirania, K.S., Kumar, A. and
Sunayan, A. 2018.  Manifestation of economic het-
erosis for seed cotton yield and its component traits
in American cotton (Gossypium hirsutum L.). Interna-
tional Journal of Pure and Applied Bioscience. 6 (1) : 976-
981.

Chapara, R., Rani, S.M. and Satish, Y. 2020. Combining
ability studies in cotton (Gossypium hirsutum L.) for
yield and fibre quality parameters. International Jour-
nal of Chemical Studies. 8 (2) : 523-527.

Chattha, W.S., Shakeel, A., Malik, T.A., Saleem, M.F.,
Akram, H.M., Yaseen, M. and Naeem, M. 2018.
Combining ability analysis of yield and fiber qual-
ity traits under normal and water deficit condition
in G. hirsutum L. The Journal of Animal and Plant Sci-
ences. 28 : 1062-1067.

Chinchane, V.N., Patil, V.S. and Ingole, D.G. 2018. Com-
bining ability studies fo ryield and its components
in desi cotton (Gossypium arboretum L.).  International
Journal of Current Microbiology and Applied Sciences.
6 : 1368-1372.

Falconer, D.S. 1998. Introduction to Quantitative Genetics, (3rd

ed). Longman Scientific and Technical CoUK, 117.
Gomez, K.A. and Gomez, A.A. 1984.  Statistical Procedures

for Agricultural Research. John Wiley, NewYork. 680.
Karademir, E., Karademir, C. and Basal, H. 2016. Combin-

ing ability and line × tester analysis on heat tolerance
in cotton (Gossypium hirsutum L.). Indian Journal of
Natural Sciences. 6 (34) : 10515-10525.

Kempthorne, O. 1957. An Introductionto Genetical Statis-
tics. The Iowa State University Press, Ames, Iowa,
(1957) 545.

Khokhar, E.S., Shakeel, A., Maqbool, M.A., Abuzar, M.K.,
Zareen, S., Aamir, S.S. and Asadullah, M. 2018.
Studying combining ability and heterosis in differ-
ent cotton (Gossypium hirsutum L.) genotypes for
yield and yield contributing traits. Pakistan Journal

of Agricultural Research. 31: 55-68.
Gnanasekaran, M., Thiyagu, K. and Gunasekaran, M.

2019. Combining ability and heterosis studies for
seed cotton yield and fibre quality traits in hirsutum
cotton. Electronic Journal of Plant Breeding. 10 (4) :
1519-1531.

Monicashree, C., Amala Balu, P. and Gunasekaran, M.
2017. Combining Ability and Heterosis Studies on
Yield and Fibre Quality Traits in Upland Cotton
(Gossypium hirsutum L.). International Journal of Cur-
rent Microbiology and Applied Sciences. 6(8) : 912-927.

Patel, H.R. and Patel, D.H. 2018. Heterotic analysis of GMS
based hybrids of seed cotton yield and fibre quality
traits in cotton (Gossypium hirsutum L.). International
Journal of Chemical Studies. 6(5) : 1910- 1914.

Prakash, G., Korekar, S.L. and Mankare, S. 2018. Combin-
ing ability analysis in bt cotton (Gossypium hirsutum
L.) to harness high yield under contrasting planting
densities through heterosis breeding. International
Journal of Current Microbiology and Applied Sciences.
7 : 1765-1774.

Reddy, K.B., Reddy, V.C., Ahmed, M.L., Naidu, T.C.M.
and Srinivasarao, V. 2017. Combining ability analy-
sis for seed cotton yield and quality traits in upland
cotton (G. hirsutum L.). Electronic Journal of Plant
Breeding. 8 :142-152.

Singh, R.K. and Chaudhary, B.D. 1979. Line x Tester
Analysis. In: Biometrical Methods in Quantitative Ge-
netic Analysis, New Delhi Kalyani Publishers. 205-
214.

Sivia, S.S., Siwach, S.S., Sangwan, O., Lingaraja, L. and
Vekariya, R.D. 2017. Combining Ability Estimates
for Yield Traits in Line x Tester Crosses of Upland
Cotton (Gossypium hirsutum). International Journal of
Pure and Applied Bioscience. 5(1) : 464- 474.

Sprague, F.F. and Tatum, L.A. 1942. General ver
susspecific combining ability in single crosses of
corn. Journal of American Society. 34 : 923-932.

Steel, R.G.D. and Torrie, J.H. 1980. Principles and Procedures
of Statistics. McGraw Hill Book Company Inc, New
York, USA.

Usharani, C.V., Manjula, S.M. and Patil, S.S. 2016.  Estimat-
ing combining ability through Line× Tester analy-
sis in upland cotton. Research in the Environment and
Life Sciences. 9: 628-633.


