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Abstract

Cotton is a major commercial crop with global importance, especially in the textile sector. Enhancing its yield and fibre quality
through hybrid breeding is a key goal in crop improvement. This study was conducted during Kharif 2024 at Lovely Professional
University, School of Agriculture, Genetics and Plant Breeding Research Farm in Phagwara, Punjab, to evaluate combining
ability, gene action, and heterosis in cotton (Gossypium hirsutum L.). A total of 24 F, hybrids were developed using 10 cotton
genotypes (6 lines and 4 testers) along with a standard check (G. Cot. Hy 18) in a line x tester design. Analysis of variance
revealed significant variability in seed yield, boll weight, and fibre quality traits, indicating potential for improvement. Non-
additive gene action was observed for seed yield, boll production, and fiber quality, whereas additive gene action was prominent
for earliness traits like flowering and boll bursting. The lines 761H20 and GJHV-510, along with the tester Sanjay (CJ-73), were
identified as effective general combiners for seed yield, boll weight, and fiber quality. Among the hybrids, 761H20 x V-797,
GJHV-503 x Guj. Cot.-15, and 761H20 x Deviraj stood out as the top performers, exhibiting strong performance, high SCA ef-
fects, and improved heterosis for yield and fiber traits. Additionally, the hybrid GJC-101 x V-797 showed excellent performance
in boll production and weight. These hybrids have strong potential for commercial through heterosis breeding.. The variance
ratio (0°GCA/02SCA) being less than one confirmed the predominance of non-additive gene action. This study provides in-
sights for developing superior cotton hybrids.
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INTRODUCTION

Cotton, a crucial cash crop, has over 50 species in the
genus Gossypium, of which at least 45 are categorized
as diploid (2n = 2x = 26 chromosomes) and at least 6
are Allotetraploid (2n = 4x = 52 chromosomes) (Amna
et al., 2023). Cotton is a vital cash crop, accounting for

approximately 21% of global fibre production. Often
referred to as the "King of Fiber" and "White Gold," it
encompasses several cultivated species, including
Gossypium arboreum, Gossypium herbaceum, Gossy-
pium hirsutum, and Gossypium barbadense (Malathi et
al., 2019). Cotton is primarily cultivated for its fiber,
which accounts for 34-48% of its total weight. This fiber
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is used in natural textiles, while the oil extracted from
cotton is utilized in food products for humans, account-
ing for 18-26% of the cotton's weight (Venkatesan et
al., 2024). Additionally, the by-product meal is a protein-
rich animal feed. Any surplus production can be export-
ed for foreign currency.

Most cotton breeding programs focus on enhancing the
quantity and quality of the fibers, promoting early ma-
turity, and improving resistance to pests and diseases
(Shahzad et al., 2022). Given the global interest in cot-
ton, research centers are dedicated to developing
unique cultivars by studying variations and genetic traits
that may help achieve these goals. In the 2021-22 peri-
od, India's cotton productivity was approximately 445 kg
ha™, positioning the country as one of the leading cot-
ton producers, consumers, and exporters globally
(Directorate of Economics and Statistics, 2022-23). In-
dia ranks first globally in cotton acreage, with approxi-
mately 11.91 million hectares dedicated to cotton culti-
vation, accounting for about 36% of the total world area
of 32.636 million hectares. Furthermore, India is the
third-largest exporter, holding a 4.6% share in the tex-
tile industry.

Utilizing heterotic potential (heterosis) in cotton has
been recoginsed as a benefical approach for enhancing
yield and other key traits in breeding programs. The
primary objective of heterosis breeding is to achieve a
substantial improvement in crop yield and quality
(Rakesh et al., 2024). With this perspective in mind, the
current study aims to examine the extent and direction
of standard heterosis for yield and its contributing char-
acteristics in cotton. To determine which lines, have the
best combining effects, it is necessary to evaluate the
general combining ability (GCA) in parents and the spe-
cialized combining ability (SCA) in crosses, as stated by
Solangi et al., (2025). The GCA provides insights into
the additive gene effects, while the SCA reveals both
intra-allelic as well as inter-allelic interactions for
(dominance) and (epistasis) respectively Bilwal et al.,
(2018).

SCA is the performance of a cross that deviates from
expectations based on the parents GCA. The Line x
Tester analysis technique is one of the most widely
used and methodical methods for determining superior
parents and crosses proposed by Kempthorne (1957).
The present study aimed to estimate heterosis and
combining ability in cotton (Gossypium hirsutum L.) for
12 traits, including yield and its contributing compo-
nents, using a line x tester mating scheme.

MATERIALS AND METHODS

The present research study was carried out at Lovely
Professional University, School of Agriculture, Genetics
and Plant Breeding Research Farm, Phagwara, Punjab,
through the development 24 F;s using 10 genotypes of

upland cotton (G. hirsutum L.) (6 lines and 4 testers)
and one standard check (G. Cot. Hy 18) (Table 1) eval-
uated in RBD with 3 replications in Kharif 2024. Twelve
quantitative traits were examined from five randomly
selected plants of each parent and F, generation viz.
DFF- Days to 50% flowering, DBB- Days to 50% boll
bursting, PH- Plant height (cm), NPP- Number of mon-
opodia per plant, SPP- Number of sympodia per plant,
BPP- Number of bolls per plant, BW- Boll weight (g),
SYP- Seed cotton yield per plant (g), GP- Ginning per-
centage (%), Sl- Seed index (g), LI- Lint index and OC-
Oil content (%).

Estimation of heterosis

Analysis of variance (ANOVA) was used to determine
the significance of treatment differences

using the procedure outlined by Panse and Sukhatme
(1985) for Randomized Block Design (RBD) to all the
biometric (quantitative) traits studied. The performance
of the F1 hybrid was evaluated based on the heterosis
over standard check, following the method proposed by
Fonseca and Patterson (1968). The Percentage In-
crease or decrease in F4 hybrids over standard checks
was calcualated to determine heterotic potential
(heterosis) in both positive and negative directions,
using the formulae given by Singh and Chaudhary
(1977).

Heterosis over standard check (SH)

SH% = =% 100

Sc Eq.1
Where, SH = Standard or commercial check mean per-
formance,
F1 = Mean performance of the F(I hybrid
SC = Mean performance of the Standard Check variety
or hybrids.

Estimation of General Combining Ability (GCA) and
Specific Combining Ability (SCA)

ANOVA for the analysis of combining ability using the
Line x Tester method and a test of significance for dif-
ferent genotypes was performed according to
Kempthorne (1957) and Singh and Chaudhary (1985).
By analyzing the two-way table of male and female
parents and then totaling up the results across several
replications, the individual effects of GCA and SCA
were estimated.

(a) GCA effects of A" line

. xA  ¥x
Gi = ; — E
Where,

Gi = General Combining Ability (GCA) effect of the i-th
parent (line or tester)

xA = Total performance (sum of trait values) of all
crosses involving the i-th parent

Tr = Number of testers (if the parent is a line) or num-

Eq.2
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ber of lines (if the parent is a tester)

> x = Total performance (sum of all trait values) for all
hybrids in the experiment

L = Number of lines in the line x tester design

Tr = Number of testers (appears again as part of total
number of hybrids: L x Tr)

(b) GCA effects of B" tester
_xB Y«x

J = e
Where,
Gj = General Combining Ability (GCA) effect of the j-th
tester
xB = Total performance (sum of trait values) of all
crosses involving the j-th tester
Lr = Number of lines crossed with the j-th tester (in
most line x tester designs, Lr = number of lines = L)
> x = Total performance (sum of all trait values) for all
hybrids in the experiment
L = Number of lines
Tr = Number of testers
L x Tr = Total number of hybrids evaluated

Eq. 3

(c) SCA effects of AB" cross

Sij:xAB_E_E Lx.

r T Lr LTr Eq.4
Where,
Y x

. = total sum of all crosses, xA. = total sum of A"
lines over all testers and replications

Xa = total of B" tester over all lines and replications,

xa5 = AB" line x tester combination total over all repli-
cations,

r = No. of replications, L and T = No. of of lines and
testers.

Estimation of variances of GCA and SCA
Estimation of variance of GCA and SCA was calculated
by formulae (Singh and Chaudhary, 1977)

2 _ (ML+MT-2M.LT)
orGlA = r(L+T) Eq5

52SCA — (M.L.T —M.r)
r(L+T) Eq6

Where,

02GCA

M.L = Mean squares of female lines, M.T = Mean
squares of male testers, M.L.T = Mean squares of line
x tester (cross), L and T = number of lines and testers,
r = number of replications.

Contribution of line, testers and their interactions
to total variance

Line, testers, and their interactions proportional contri-
butions to estimate total variance

as per (Singh and Chaudhary, 1977)

S.5.(L)

—————x100
S.8 (C'.*‘osses)X

Contribution of Line =

Eq.7
Contributi Tester = 5.5.(T) 100
ontribution Of ester = SS (Ci‘asses) X Eq 8
Contributi Line x Tester — S XD 14
ontripution Of me x {ester = SS (Crosses) X Eq 9

Where,

S.S.L = sum squares of lines

S.S.T = sum squares of testers

S.S. crosses = sum squares of crosses

S.S Line x Tester = sum squares of line x tester

RESULTS AND DISCUSSION

Analysis of Variance

The results showed highly significant differences (p <
0.01) for all traits (days to 50% flowering, days to 50%
boll bursting, plant height (cm), number of monopodia
per plant, number of sympodia per plant, number of
bolls per plant, boll weight (g), seed cotton yield per
plant (g), ginning percentage (%), seed index (g), lint
index (g), oil content (%) among genotypes, demon-
strating the presence of genetic variability among the
studied lines and hybrids (Table 2). The ANOVA re-
sults revealed significant genetic variation for most
traits, highlighting the potential for genetic improvement
through hybridization. The significant Line x Tester
interaction effects suggest a strong role of specific pa-
rental combinations in determining hybrid performance
(Table 3). These findings emphasize the importance of
selecting superior parents and utilizing heterosis to
enhance cotton yield and its associated traits. Patel et

Table 1. Parents used in the crossing programme with a commercial check

Lines (6) Testers (4) Commercial Check
Guj. Cot. - 23

GJHV- 503 Deviraj

761H20 V-797

GJC- 101 Sanjay (CJ-73) G. Cot. Hy 18
GJHV- 510 Guj. Cot. -15

GJHV- 517

1229



Patel, J. D. et al. / J. Appl. & Nat.

Sci. 17(3), 1227 - 1239 (2025)

Table 2. ANOVA for Randomized Block Design in cotton for 12 traits

Source of Df DFF DBB PH MPP SPP BPP

Variation

Replication 2 154 6.56 9.41 0.20 0.16 6.06
*% *k *% *% * % 84'88**

Genotypes 33 8055 213.72 1226.83 1.52 53.39

Error 66  1.60 9.90 23.07 0.08 2.79 17.09

Source of Df BW SYP GP sI LI oc

Variation

Replication 2 011 883.17 2,57 1.28 0.70 0.63

Genotypes 33 2.04* 7858.10*  29.74** 4.90 3.20% 3.30

Error 66 0.11 604.92 3.87 0.67 0.24 0.23

*, ** denotes significance at 5% and 1% respectively

al. (2024), Faldu et al., (2024), and Hussain et al.,
(2023) reported similar patterns of genetic variability
among parental lines and F; hybrids in upland cotton
(G. hirstum L.), based on line x tester analysis for traits
such as seed cotton yield, boll weight, ginning percent-
age and lint index in cotton.

Heterosis for earliness and yield-related traits

The present study revealed significant heterosis for
earliness traits, growth parameters, yield components,
and fiber quality traits, emphasizing the potential of
specific crosses in improving cotton performance
(Table 4). For earliness traits, crosses 761H20 x V-797,
761H20 x Deviraj, and 761H20 x Sanjay (CJ-73) indi-
cate their suitability for developing early-maturing cot-
ton varieties. Similarly 761H20 x V-797, 761H20 x Guj.
Cot. -15, and Guj. Cot. — 23 x Guj. Cot.- 15 demonstrat-
ed early boll bursting (DBB), which is advantageous for
synchronized harvesting and reduced environmental
stress exposure. These findings align with the reports
of Patel et al. (2024), Faldu et al. (2024), and Madugula
et al. (2023), who observed significant heterosis for
earliness traits in G. hirsutum hybrids.

Regarding growth parameters, the present study rec-
orded enhanced plant height (PH) in hybrids GJC-101 x
V-797, GJHV-510 x Deviraj, and GJHV-510 x Sanjay
(CJ-73). However, moderate plant height is generally
preferred for mechanized harvesting. For monopodia
per plant (MPP) and sympodia per plant (SPP), the
highest heterosis was observed in GJHV-510 x V-797
and GJHV-510 x Sanjay (CJ-73), indicating their poten-
tial for breeding ideal canopy structures and yield eff-
ciencies. Similar patterns in growth traits were reported
in cotton, particularly for traits such as plant height and
the number of sympodial per plant, as noted by
Keerthivarman et al. (2022), Vanapariya et al. (2024),
and Richika et al. (2021), which support the current
findings.

In terms of yield components and fiber traits, boll
weight (BW) showed highest heterosis in GJHV-510 x

Deviraj, 761H20 x Sanjay (CJ-73), and GJC-101 x V-
797. The hybrids 761H20 x Sanjay (CJ-73), 761H20 x
Deviraj, and GJHV-510 x Sanjay (CJ-73) recorded
maximum heterosis for seed cotton yield per plant
(SYP), indicating strong commercial potential. These
results are in agreement with Patel et al., (2024) and
Madugula et al., (2023), who reported significant heter-
osis for yield-related traits in cotton.

For fiber quality, ginning percentage (GP) was highest
in GJHV-517 x Deviraj, GJHV-503 x Deviraj, and GJHV
-510 x Deviraj, indicating their efficiency in fiber recov-
ery. The seed index (Sl) and lint index (LI) were notably
improved in GJHV-517 x Sanjay (CJ-73) and GJHV-
517 x Deviraj, respectively. Moreover, increased oil
content (OC) was observed in GJHV-510 x Guj. Cot.-
15, GJHV-503 x V-797, and 761H20 x Deviraj, showing
their potential in dual-purpose breeding for fiber and oil.
These findings are consistent with those of Richika et
al. (2021), who found fibrous quality as well as oil con-
tent, and others who reported similar improvements in
oil and fibre traits. The present study highlights the
genetic variability and heterotic potential of specific hy-
brids across agronomic and quality traits. These superi-
or crosses offer valuable resources for hybrid develop-
ment in cotton breeding programs aiming at enhanced
productivity, fiber quality, and adaptability. The best-
performing hybrids for better parent heterosis (BPH)
and standard heterosis (SH) are detailed in Table 5.

Combing ability for earliness and yield related traits
General Combining Ability (GCA) effects in cotton
hybrids

The present study revealed significant general combin-
ing ability (GCA) effects among the parental lines, high-
lighting promising combiners for key agronomic and
economic traits in cotton breeding (Table 6). For earli-
ness traits, GJHV-517 and GJC-101 among females,
and Guj. Cot. - 15 among testers, exhibited the most
desirable negative GCA effects for days to 50% flower-
ing (DFF), indicating their suitability for breeding early-
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Table 3. Analysis of variance for Line X Tester involving parents for yield and its attributing traits

Source of Variation Df DFF DBB PH MPP SPP BPP
Replication 2 2.54 22.10 6.46 0.22 2.60 10.31
Genotypes 33 80.55** 231.72* 1226.83** 1.52** 53.39** 84.88**

Crosses 23 93.52 ** 22214 ** 879.94 ** 1.79 ** 37.86 ** 94.18 **
Line (c) 5 285.89** 512.18 ** 1673.65 * 2.68 114.03** 150.24
Tester (c) 3 118.13 * 296.38 1828.25 * 3.15 48.25* 180.97
LxT(c) 15 24 47 ** 110.62 ** 425.72 ** 1.23 ** 10.39 ** 58.13 **
Parent 9 42.53** 111.80** 1788.13** 0.51** 55.50** 52.38**
Error 46 1.76 7.18 23.19 0.10 3.17 12.51
Total 136
Source of Variation Df BW SYP GP Sl LI oC
Replication 2 0.27 181.52 474 0.35 0.31 0.16
Genotypes 33 2.04** 7858.09** 29.73** 4.90** 3.20** 3.30**
Crosses 23 2.39 ** 6862.15 ** 33.57 ** 411 ** 3.38 ** 4.07 **
Line(c) 5 3.39 12617.19 * 14.81 5.00 5.27 * 5.88
Tester(c) 3 596 * 15233.68 * 160.40 ** 8.76 11.07 ** 5.40
LxT(c) 15 1.34 ** 3269.50 ** 14.46 ** 2.88 ** 1.21** 3.20 **
Parent 9 0.59** 7025.07** 5.36 4.58** 1.08** 1.36**
Error 46 0.10 286.20 4.32 0.46 0.27 0.25
Total 136

*, ** denotes significance at 5% and 1% respectively

maturing varieties. Guj. Cot. -15 was the best tester for
early boll bursting, while 761H20 and GJHV=510
demonstrated the least desirable GCA effects for days
to 50% boll bursting (DBB), similar to the observations
by Singh et al. (2024).

For growth traits, GJHV-510 and GJC-101 were the
best combiners for plant height (PH), whereas 761H20
and Guj. Cot.-23 contributed to reduced plant height.
Among testers, Sanjay (CJ-73) and V-797 showed pos-
itive GCA effects, favoring tall plants, while Deviraj and
Guj. Cot. - 15 contributed to reduced height. For mono-
podia per plant (NPP), GJHV-503 and GJHV-510, and
Sanjay (CJ-73), emerged as the best combiners for
increased monopodial branches. In sympodia per plant
(SPP), GJHV-510 and GJC-101 recorded the highest
positive GCA effects, with Guj. Cot. - 15 being the best
tester.

For yield components, 761H20 and GJHV-517 were the
best general combiners for bolls per plant (BPP), while
GJHV-510 and Guj.Cot. -23 exhibited the highest posi-
tive GCA effects for boll weight (BW). Among testers,
Sanjay (CJ-73) and Deviraj made a significant contribu-
tion to increased boll weight. The most promising com-
biners for seed cotton yield per plant (SYP) were
761H20 and GJHV-510 among females, and Sanjay
(CJ-73) and V-797 among testers, confirming their suit-
ability for high-yield breeding programs.

In fiber and seed traits, GJHV-517 and Guj. Cot. - 23
exhibited the highest GCA effects for ginning percent-
age (GP), while Deviraj and Guj. Cot. - 15 were the
best testers for this trait. GJHV-517 and Guj. Cot. - 23
also contributed positively to the seed index (SI),
whereas GJC-101 and GJHV-517 were favourable for

lint index (LI). Deviraj was the most effective tester for
improving lint yield. Regarding oil content (OC), GJHV-
503 and Guj. Cot. - 23 among females, and Guj. Cot. -
15 among testers were the best general combiners for
enhancing oil percentage in seeds.

Based on their superior GCA effects across multiple
traits, the top three general combiners identified were:
761H20 — Strongest contributor to seed cotton yield
and boll production. GJHV-510 — Best performer for
plant height, boll weight, and seed cotton yield. Sanjay
(CJ-73) — Most promising tester for plant height, boll
weight, and seed cotton yield. These combiners hold
significant potential for hybrid development aimed at
improving cotton yield, earliness, and fiber quality. The
findings are in line with those of Vanapariya et al.
(2024) and Richika et al. (2021), who also reported a
strong GCA effect for oil content and yield-related traits
in cotton.

Specific Combining Ability (SCA) effects in cotton
hybrids

The present study revealed that the specific combining
ability (SCA) effects indicated significant genetic inter-
actions among hybrids, identifying superior cross-
combinations for key agronomic and economic traits in
cotton breeding (Table 7). For earliness traits, hybrids
Guj. Cot. - 23 x Guj. Cot. - 15, 761H20 x V=797, and
GJHV-510 x Guj. Cot. - 15 exhibited the most desirable
negative SCA effects for days to 50% flowering (DFF),
making them promising for early-maturing varieties.
The present study found that Guj. Cot. - 23 x Guj. Cot.
- 15 and 761H20 x V-797 showed the greatest negative
SCA effects for days to 50% boll bursting (DBB), indi-
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Fig. 1. Contribution of Lines, Testers and Line X Tester for gene action

acting early boll maturity. In contrast, 761H20 x Guj.
Cot. - 15 and GJHV-510 x Guj. Cot. - 15 demonstrated
delayed maturity. Similar trends were reported in up-
land cotton (G. hirsutum) for traits such as seed cotton
yield, boll weight and oil content by Zhang et al.,
(2024).

In growth traits, GJHV-517 x Deviraj and GJHV-503 x
Sanjay (CJ-73) recorded the highest positive SCA ef-
fects for plant height (PH), indicating their potential for
taller plants, whereas GJHV-517 x Sanjay (CJ-73) and
GJC-101 x Guj. Cot. - 15 were ideal for shorter stature.
For monopodia per plant (NPP), hybrids GJHV-510 x V
-797 and Guj. Cot. - 23 x Deviraj showed the highest
positive SCA effects, favoring monopodial branch de-
velopment. The present study observed significant pos-
itive SCA effects for sympodia per plant (SPP), in the
hybrids GJC-101 x Sanjay (CJ-73) and Guj. Cot. - 23 x
Guj. Cot. — 15 suggesting their potential for improved
fruiting branches. Similar findings were reported by
Bhimireddy et al. (2023) in upland cotton (Gossypium
hirsutum) for traits such as seed cotton yield, plant
height, and number of bolls per plant.

For yield components, hybrids GJHV-503 x Sanjay (CJ-
73) and GJC-101 x V-797 exhibited the most positive
SCA effects for bolls per plant (BPP), whereas GJHV-
503 x V-797 and GJHV-510 x V-797 recorded negative
effects. The highest positive SCA effects for boll weight
(BW) were observed in GJC-101 x V-797 and 761H20
x V-797, while GJHV-517 x V-797 and GJHV-510 x
Guj. Cot. - 15 showed negative effects Rao et al.
(2024). The most promising hybrids for seed cotton

yield per plant (SYP) were GJHV-503 x Guj.Cot. - 15
and 761H20 x Deviraj, whereas 761H20 x V-797 and
GJHV-503 x Deviraj exhibited significantly negative
effects.

The present study revealed that the hybrids Guj. Cot.-
23 x V-797 and GJHV-510 x Deviraj exhibited the high-
est specific combining ability (SCA) effects for ginning
percentage (GP), indicating their potential for improved
fiber recovery. In contrast, GJHV-510 x V-797 and
761H20 x Sanjay (CJ-73) showed negative SCA effects
for this trait. For seed index (Sl), 7671H20 x Deviraj and
GJHV-517 x Guj. Cot.-15 were identified as the most
effective combiners, contributing positively to seed
weight, while 7671H20 x V-797 and 761H20 x Guj. Cot.-
15 showed negative SCA effects. These results are in
agreement with the findings of Rakesh et al., (2016),
who also reported variability in SCA effects for fiber and
seed traits in Gossypium hirsutum hybrids. The present
study recorded significant positive SCA effects for lint
index (LI) in the hybrids 761H20 x Deviraj and Guj. Cot.
- 23 x V-797, while 791H20 x V-797 and GJC-101 x
Deviraj showed negative effects. Similar trends were
observed by Ali et al. (2024) in their evaluation of up-
land cotton hybrids. In oil content (OC), GJHV-517 x V-
797 and GJHV-517 x Guj. Cot. - 15 recorded the high-
est SCA effects, while GJHV-510 x Deviraj and Guj.
Cot. - 23 x Guj. Cot. - 15 showed negative effects.

Top specific combiners
Based on their superior SCA effects across multiple
traits (Table 7), the top three specific combiners identi-

1234



Patel, J. D. et al. / J. Appl. & Nat. Sci. 17(3), 1227 - 1239 (2025)

‘AjoAnoadsal 9, pue 9,G je aoueanubis ssjousp ., ‘.

6£°0 ov0 €50 191 zZLel vZ'0 v.'C 8L 520 7K 80¢C €0l (seu) %1 @ Ad
620 0€0 6€°0 1zl €8'6 810 902 €0t 6L°0 08¢ 961 110 (sau) %5 @ Ao
¥1°0 GL0 0Z0 090 88V 60°0 201 1G'0 60°0 6E°L 110 8£0 (seur) ¥38
w180 « LEO- L1V0- o llL « 0GPVl . €E0- = EEY 0Bl 500 wx 611" «x BL°G «92¢ GL—100 g 0l
«x 9€°0- 020~ 20l 4GB L~ w bWWYZ w2970 8¢L- «6L0 . /1G0 PP LL «x 6671 « 661 (£2-rD) Aelueg 6
N_\O| *¥ muwol *¥ @@Ol *¥ mOmul ¥¥ @O.VN *¥ O@Ol NFO *¥ .Vm _‘| x¥ MNOl x¥ N.Vm NMUO ¥¥ .VNO N®N|> w
*¥ NMUO| *¥% .V—‘—‘ * @NOl *¥ .VNMU *¥ N@MUMV ¥¥ @NO ¥¥ WOM| *¥ @F _\| *¥ mel *¥ Nr@l *¥ mw.vm *¥ NO—‘ .—m;__>®ﬁ_ VA
SSETRCED
«G90" «lG0  a blLL ¥8°0 18-« LE0- « €9 Z0 LL'0 5/°0- 6v°0 wCL G- LLS-AHMD 9
*¥ .V@O ¥¥ m”mol @FOl * m”m” r| *¥ @@@N ¥¥ MUNO * @NNl ¥¥ _‘Om *¥ MHMHO *¥ OF.V_‘ *¥ O@mwl «.*—‘N.m O—‘ml>_l:.o m
« G0~ 001 L'0- L0- 99l 4 220" 10°) €81 ZLo- «0V8 €0V bl P LOL-Oro %
mOO ¥¥ @Nol *¥ wwcl mO r| *¥ ONO@.V *¥ F@Ol *¥ NO@ *¥ OONl *¥ N@Ol *¥ .VN.VFl *¥ mwml *%Nm.mul ONIF@N m
«x G0 €L°0- 60°0- ¥0°0 «1S°CL- 20°0- 68°L- w GV Ll- x990 =28V « G99 «lTG £0S-AHMO Z
«x G0 10°0- GL°0 « 1971 =828V P50 €GP «x BGE" 4 20" « ETEL- «x 06°G «62Y  €2-"100 o L
SaNIT
20 n IS do dAS mg ddg dds ddiN Hd EEL 44a sadAjoussy ‘ON 'S
uono) ul syuaied Buowe syied) Z| 10} 1098 YOO "9 d|qeL
~EG'C 16, -Ax€Z-"10D I 68T [eaneQ x 0ZH1L9. (%) usuo) 10 zL
AR Gl - 100 ‘N9 x LLG-AHID ~0S'V [elineQ x OZHL9L Xspuljun L
wZlE e1naQ x 0LG-AHMD G6'E 164N x €2 - 100 ‘9 (B) xopuj poes 0l
68°ZY lesined x 0ZH 9. wSL'GY Gl — 100 N x LOG-AHID (%) ebejusoied Buluuig 6
1G6'G 164-N\ x 0ZHL9.L w789 164-A x LOL-OrD () ueid sed pjaIA uopod paes 8
«86°L1L 16/-\ x LOL-OMD «G9'ZL (€2-r0) Aelues x €0G-AHIMD (6) ybian 108 .
jue|d Jad sjjog o JaquinN 9
«~CV'S Gl - 100 ‘o x ¢z - 100 "IN «+68°G (€2-r0) Aelues x L0L-0ro
jue|d Jad eipodwAg jo JaquinN (o]
86 (€2-r0) Aelues x LOL-OMroO AN 161N x OLG-AHID
jue|d Jad eipodouoyy Jo JaquinN ¥
«6891 (£2-rD) Aelues x £0G-AHMO ~GP'8L fexne@ x LLG-AHMO
. o . (wo) JybreH jueld €
«£0G°2- G- 10D "D x OLG-AHIO «0€°6" 161-A\ x 0ZHL9Z
Buising |109 %05 0} shkeq Z
«0€°G- 16/-A\ x OZHL9. V29 Gl —109 ‘o x gg - 10D "o
Buliemo|4 %06 01 sAeq 1
(%) HS HS 10} sso.) }sag (%) Hdg9 Hdg 10} sso4) }sag siajoeley) ON 'S

(HS) pJiepuess pue (Hdg) ualed Janaq yjoq ui sisoialay Joj spLgAy Bulwiopad-jsag -G ajqeL

1235



Patel, J. D. et al. / J. Appl. & Nat. Sci. 17(3), 1227 - 1239 (2025)

120 080 SO'L 423 v2'9¢ 8’0 6Y'S 9.¢C 0S50 vl 9Ly 90'¢ (eds) %L @ Ad
860 09°0 620 Zr'e 99'61 90 LLp 10C 80 09'S LLe ¥SL (e2s) %G ® A
62°0 0€0 6€°0 0z'L 116 810 ¥0'C €0'L 6L°0 8.2 G5l 1270 (eos) ¥3S
bVl 81°0- L00-  +¥8°0- .0L'CC <0 96°L- 260 «6€°0 00t s «G8'C GL-100 IND X LLG-AHID  +Z
V10 900~ 050~ /S0 19C 810 9G° L= 8E'l- 290" «BZGL- zeL- 9¥'0 (¢2-r0) Relues X /LG-AHMD €2
wlll GE0 ¥€'0 Al &Y 260" vy'e 880 LLo «18°€- 290 £G9'L- L1BL-AXLLS-AHMD 22
8¢°0- ZLo- 10 ozo *08 mw. €€0 1800  €¥O0- ZL0  «SL'GL 06t £GO'L- feine@ x ZLG-AHMO 12
Zro 610 60°0- 661 0.2 ze0- BG'E  «GYE- €10 6G°G- PGl GO GL =100 MO XQLG-AHMD 02
Y€0  «/60 10 Ge'L Pl «P0- 8/'¢- 8¥'0 20 IS0l 0L'0 «C9'L (£2-rD) Aelues x OLG-AHMO 61
«8L°0 860" 1o m0¢ m €28 €90 «ELP- L'l «8L7L «L99 £96°¢- 18°0- 1[6/-AXO0LG-AHM 8L
PG L 810 8170 98'L  .x05°9€ 0L'0 92V 9G'L  wxlllm wBGLL- «89°€- «~G8'C lenne@ X OLG-AHMD L1
wll0 LZ0 081 250" +66 Nw A 060- 092  «ZV0-  «89LL- AN 9.2 GL—100 Mo xLoL-0ro 9l
180" ov'0 200~ Zro 6291 zLo 11~ wBLT 00L°0 0’9 vZ'0- 9z'L- (€2-rD) Aelues x LOL-Oro 6L
€L°0- ov'0 9/°0-  GLO- '€ 80 wB6ZL 6L°0 €80~ WbVl 62'C- v1°0- L6L-AX10L-OrD ¥l
€20 860" 2L 0" 0€0 20°2- 120 19Z-  8€0- 590 018 »G9'G v1°0- feine@x LOL-Oro €L
GE0- €10 wWlTL- 120 0zZ'slL LL'0 «9L P 9G'L LOV0 8601 OV Ll wEVY GL—100 M9 x0OZHL9L 2L
12°0- 0£0- 601  vET 267~ IS0  «88YF LLo- GE'0  «S20L- zee- 290" (£2-rD) Aelues x 0gHL9L LI
G20 XS90-  wlbL- geo ™78 om. N GZ'Ll- 110 .SYO- b9 016" VT 16/-AX0ZHL9. Ol
€10 w801  «6GL GZ'l 990V 100 250 890 0€°0- 689 Ve vL- fexne@ x OZHL9Z 6
AN oL0- 2z 0- 620 «P60F .80 5.0 Lo'L 91°0- «20°L wP0G-  WGlE- G1- 10D N9 X €0G-AHIMD 8
9z°0- ¥S°0- 0£0 0.0 oL'Z ZL0- 619 z5')- Y20~  «SL'EL 8Ly 9L (g2-rD) Aelues x £0G-AHIMO .
€10 G50 9g0 260  SYOL- VO~ 22V ZLO0- 9¢°0 660 619 89T 161-A\ X €0SG-AHIM 9
«GT'L 60°0 sro- 150~ ™00 km GE0- zee- €90 ¥0°0 «80°2- «E6'G- 66°0- [eaine@ X €0S-AHID S
Ll €000 800  65L- Gy - v1'0 2L 08T 80°0- «~0€'6 wC99  WPZE- Gl —10D o x ¢z -100 "o 14
ze0 €V0-  LPO'L- 8L .6GCC ¥€0- 95°2- 9z°0- €0 65 V- ¥'0- «C9'L- (£2-rD) Aelues x €z - 100 "N €
€20 €€0 920 V8T wBGLE 290 €LLl-  BG L «l80-  «9E€0L- VS ~+E6'C 16/-AX €2- 100 "IN 4
«8G°0 0L°0 6L°0 .60°€- ¥Y5'2- L2V 0- 1660 010 590 9SG 672 «£6°L fexne@ x €2 - 100D L
o
20 n IS do dAS mg ddg dds ddiN Hd adga 44a sadAjouen M

U009 Ul SpugAy Buowe sjiel; g} 10} 1088 YOS "/ d|qel

1236



Patel, J. D. et al. / J. Appl. & Nat. Sci. 17(3), 1227 - 1239 (2025)

fied were: GJHV503 x Guj. Cot. - 15 — Exhibited the
highest SCA impacts on the production of seed cotton,
as well as positive effects for boll production. 761H20 x
Deviraj — A promising hybrid for seed cotton yield, lint
index, and seed index. GJC-101 x V-797 — Showed
strong performance in boll production and boll weight.
These hybrids hold potential for breeding programs
targeting yield improvement, fiber quality, and en-
hanced agronomic traits in cotton.

Gene action for earliness and yield-related traits
The gene action that controls how different cotton char-
acteristics are inherited is essential in identifying the
most suitable breeding strategy. The variance esti-
mates for specific combining ability (SCA) and general
combining ability (GCA) provide insights into whether a
trait is primarily influenced by additive or non-additive
genetic effects. The present study revealed that traits
such as DFF, SPP, GP, and LI exhibited additive gene
action, indicating their potential for improvement
through selection-based breeding approaches (Table
6). These findings are supported by Khan et al. (2024),
who reported similar genetic behaviour for these traits
in G. hirsutum. The predominance of additive effects in
these traits indicates that parental performance is a
good predictor of hybrid performance, making pedigree
breeding, recurrent selection, and pure-line selection
viable strategies for their enhancement.
On the other hand, traits like DBB, PH, MPP, BPP, BW,
SYP, Sl, and OC were primarily controlled by Non-
Additive gene action, implying that dominance and epi-
static interactions significantly contribute to their ex-
pression (Table 7). This suggests that hybrid vigor
(heterosis) and hybrid breeding programs would be
more effective for improving these traits rather than
conventional selection methods.

Non-additive gene action is typically influenced by inter-
actions between alleles at different loci, meaning that
the selection of superior hybrids or composite varieties
would be a more efficient breeding strategy than direct
selection in early generations. The present study found
that, with the exception of sympodia per plant, bolls per
plant, and boll weight, the GCA/SCA ratio was less
than unity, suggesting that non-additive gene action
predominates in the inheritance of most traits studied
Hamed and Said (2021); Hamed et al. (2024) (Fig. 1).
Among the yield-related traits, Seed cotton yield per
plant, Number of bolls per plant, and Boll

weight exhibited non-additive gene action, indicating
the potential for heterosis breeding in enhancing
productivity. Futhermore, the present study observed
higher variance due to SCA than GCA in several traits,
reaffirming the suitability of hybrid development through
exploitation of dominance and epistasis. These findings
are supported by Amna et al. (2023), who reported sim-
ilar patterns in cotton hybrids. Additionally, the present

results showed that testers made significant contribu-
tions to traits like ginning percentage and lint index,
underlining the importance of male parents' influence
on fibre-related characteristics (Table 3). This observa-
tion is consistent with the findings of Abd El-Mageed et
al. (2022) who highlighted of parental influence on fibre
quality improvement.

Although the findings of the present study are in agree-
ment with earlier reports by Amna et al., (2023), Ali et
al., (2024), and Khan et al., (2024), it offers novel in-
sights by evaluating a unique set of six parental lines
(Guj. Cot. — 23, GJHV-503, 761H20, GJC-101, GJHV-
510, GJHV-517) and four testers (Deviraj, V-797, San-
jay (CJ-73), Guj. Cot. — 15), resulting in 24 diverse hy-
brids through a Line x Tester mating design under the
specific agro-climatic conditions of Punjab during Kharif
2024. The use of diverse genotypes, particularly prom-
ising local and regional cultivars like Guj. Cot.-23,
761H20, and GJHV-510, in a line x tester mating de-
sign, provided new evidence on combining ability pat-
terns and heterosis for traits related to earliness, plant
architecture, yield components, and seed quality. More-
over, the study integrates both earliness traits and seed
-based economic traits such as lint index and oil con-
tent, which are rarely addressed together in hybrid cot-
ton improvement. These findings not only validate pre-
vious research but also generate location-specific rec-
ommendations for hybrid development and parental
selection in cotton breeding programs targeting en-
hanced productivity, maturity, and seed value traits in
G. hirsutum.

Conclusion

The study identified promising parental lines and hy-
brids for upland cotton (G. hirsutum L.) improvement,
focusing on combining ability, gene action, and hetero-
sis. Significant variability was observed for yield and
fiber traits, with non-additive gene action dominating for
yield and fiber quality traits, while additive gene action
was prominent for earliness. The top-performing hy-
brids, including 761H20 x V-797 and GJHV-503 x Guj.
Cot.-15, exhibited strong potential for heterosis breed-
ing, improving cotton yield and fiber quality. The best
general combiners, 761H20, GJHV-510, and GJHV-
517, along with promising testers like Sanjay (CJ-73)
and Guj. Cot. — 15, were key contributors. For yield
traits, non-additive gene action predominates, support-
ing heterosis breeding, while additive gene action in
fibre traits favours recurrent selection. These findings
offer valuable genetic resources for enhancing cotton
productivity and sustainability.
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