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Abstract

Global climate change especially water shortage and heat waves have drastically
reduced cotron production. It is necessary to develop climate resistant coupled
with high yielder corron varieties surtable for various environments. For this
purpose, ten cotton verities with different morphological, yield parameters, and
drought tolerance/susceptibility were selected and hybridized using line X tester
mating design. To study the inheritance pattern, twenty-five combinations along
with their parents were grown in the field following augmented design with two
different treatments i-e normal and water-deficit. Under stress environment, the
GCA variance (02 gca) was higher than the SCA variance (02 sca) for CLCuD,
number of bolls, boll weight, seed index, fiber length, and micronaiere value that
shows additive type of gene action of investigated traits. Line LS (VH-327),
tester 15 (FH-Lalazar) and crosse 18 (L4 x 13) and cross 21 (L5 x T1)
performed best for yield and yreld contributing traits under water deficit
condition environment. Cross 18 (L4 x T3), 21 (L5 x TI) and 22 (L5 x T2)
had the higher SCA for the bolls number and cotton yreld (15-20% higher
from parents) both under normal and water deficit condition. Both under
normal and water deficit condition, the best-performing genotypes and
combinations (15 to 20% increase in seed cotton yreld) may be used in the
cotton breeding program to enahance the seed cotton yreld and drought

tolerance.

Ke}/WOI‘ds: Hybridization, GCA effects, SCA effects, drought, cotton
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Introduction

Global climate change due to frequent and intense weather conditions, has led to
the occurrence of abiotic and biotic stressors which have a detrimental impact on plant
growth, yield and quality (Zafar et al. 2022). Abiotic stresses, specifically, impede the
physiological and metabolic activities of plants at different growth stages. Both human
activities and climatic factors such as heat, drought, humidity and erratic rainfall patterns
have influenced crop productivity (Zhu et al. 2023). Cotton (Gossypium spp.) is an
important crop that is grown commercially in China, USA, India, Pakistan, Brazil,
Australia and Uzbekistan for its fiber, fuel and feed making (Kashif et al. 2023).
Probably, cotton covers more than 33 million hectares of land in more than 100
countries and fulfills the 31% demand for fiber all over the world (Ijaz et al. 2024).
Cotton contributes almost 0.8% of GDP along with 5.5% of agricultural value addition

and is cultivated in the Southern region of Punjab and some districts of the Sindh

province (Mahmood et al. 2021).

At different plant developmental and reproduction phases, water shortage and
high day and night temperatures have vulnerable effects on cotton plants which
emphasizes the crucial importance for developing drought-tolerant cultivars. During the
year, 2021, about 35% loss in cotton production was reported in Pakistan due to water
deficit condition. Deficiency in irrigation water has negative effects on morphological,
physiological and biochemical processes at different growth stages and results in yield
reduction (Bozorov et al. 2018). A rise in both maximum and minimum temperatures
gives rise to water evaporation and results in salt stress that induces water

shortage/ availability to the plants (Saleem et al. 2021). At the cell level, water deficit
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condition resulted in a higher concentration of reactive oxygen species (ROS) that lead
to oxidative stress due to the rupture of the cell membrane (Jans et al. 2021). Further, it
causes a reduction in cell division, leaf surface area, metabolic adaptation, root and stem
cell proliferation. These mechanisms resulted in limited access to resources and
ultimately inhibited plant growth and reproduction. Even at the boll development stage,
water deficiency for a short period could result in maximum loss in seed cotton yield
(Naz et al. 2022). It has also been reported that prolonged exposure to water deficit
condition lowers plant growth and productivity and ultimately causes plant death (Ullah
et al. 2019). Management practices such as more irrigation might be used to control the
water deficit condition but in the current situation, there is a dire need to boost the
cotton yield potential through the development of drought-resistant varieties with

limited water resources (Rehman et al. 2022).

To overcome this problem, various techniques have been used to develop climate-
resilient cotton germplasm for effective and long-lasting solutions (Rahman et al. 2020).
Exploitation of genetic variability in existing germplasm and screening based on
morpho-physiological and biochemical characters could lead to the development of
cotton genotypes with significant tolerance against abiotic stresses (Farooq et al. 2023).
For plant breeders, combining ability estimates are an important factor that can help to
achieve the desired targets through hybridization and selection schemes. As reported,
for the selection of desired parents, combining ability techniques has been best utilized
(Liagat et al. 2023). Significant genetic variability and heterosis are the main
components of a successful breeding program. Parent genotypes could be identified
from the F1 population through selection and then their performance-based evaluation.

For selection, estimation of combining ability and possible gene action of parental lines,
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Line X tester analysis, proved to be the Wisely adopted method in different breeding
programs (Ammar et al. 2023). It not only provides the estimation of specific
combining (SCA) and general combining ability (GCA) but also the major genetic

Components.

In the current study, line X tester mating design was utilized for the
hybridization of different cotton genotypes with contrasting traits to investigate the
inheritance pattern and enhance the drought tolerance and seed cotton yield. The main
objectives of this study were to develop the breeding material of cotton, undertaking the
morphological traits contributing to drought tolerance and inheritance pattern and

association in different combinations under different water level conditions.

Materials and Methods

2.1 Plant material and design of experimental
Ten commercial cotton varieties were selected for hybridization purposes. Line X

tester mating design viz five lines and five testers was employed, and 25 crosses were
developed (Kempthorne, 1957). The characteristics of the parent varieties along with
passport information is presented in Table OI. The experimental was conducted at
Cotton Research Institute Multan (30°08'55" N, 71°26'30" E) during the cotton
growing season 2022-23. The material was sown following augmented design under
normal (irrigation was applied at 8-10 days intervals till 165 days after sowing) and
water deficit conditions (one irrigation was skipped compared to Normal, after the
seedling establishment). Weather parameters including maximum and minimum

temperature (°C), rainfall (mm), and relative humidity (%), were recorded using the
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automatic weather station with data logger CRIO00X (Campbell Scientific Inc., UT,
USA) installed at ~750 m distance from the experimental area.
2.2 Data recording for investigated traits

Cotton leaf curl disease (CICuD) was scored for ten plants (avoiding border
plants) per replication (30 plants per entry) following the severity grade O
(Asymptomatic), I (slight thickening of primary veins), 2 (secondary and tertiary veins
thickening), 3 (vein thickening, enation or leaf curling or both), 4 (stunting of growth

along with leaf enation and curling). The disease index (%) was calculated according to

the formula by Liaqat et al. (2023).
Disease index = (Sum of all disease ratings/ total plants) X (IOO/ maximum grade)

Plant height (PH; cm), and yield components including number of bolls (NB), boll
weight (BW; g), seed index (SI; g), ginning out turn (GOT; %), seed cotton yield (SCY;
9), and quality traits related to fiber i.., fiber length (FL; cm), strength of fiber (FS;
g/tax), micronaire (Mic; pg/inch) were recorded. Seed index was computed by counting
the one hundred seeds, followed by weighing using analytical weight balance. Fiber

quality traits were recorded using Uster High Volume Instrumnet Spectrum I (Uster

Technologies AG (HQ), Switzerland).

Table I: Passport of lines and testers used for hybridization

Lines | Varieties Characteristics

I VH-259 Tall, low input, medium boll size.

2 VH-282 Compact plant growth, early maturing, long staple length
(>30mm)

3 VH-363 Heat tolerant, single stem, short stature, early maturing.
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4 VH-369 Tall, broad leaf, late maturing
5 VH-327 High tolerant against sucking insect/pests, CLCuD and lodging
tolerant, creamy pollen.
Tester
I MNH-886 | Compact plant shape, early maturing,
2 MNH-814 | Tall, Bold boll size, spreading growth habit
3 MNH- Tall, semi-compact, low input, good boll opening.
1016
4 FH-142 Bold boll size, high yielder, CLCuD tolerant.
5 FH-Lalazar | Heat tolerant, spreading growth habit, big boll size.

2.3 Statistical analysis

Variability among lines, testers and FI hybrids was estimated through analysis of
variance using package “agricolea” at a significance level P < 0.0S (Mendiburu and de
Mendiburu, 2019). Genotype-trait-environement (GGE) biplot was used to evaluate the
performance of genotypes under normal and stress conditions. For the estimation of
genetic components and combining ability, line X tester analysis was performed. All the

statistics were performed using R software version 3.6.3.

Results

3.1 Weather conditions
Temperature, rainfall, and humidity are important parameters while studying

drought tolerance. During cotton growing season, range of maximum temperature was
recorded form 2I°C to 48°C while range for minimum was 9°C to 32°C. Maximum

rainfall was observed during July i.e. 57 mm (Figure I). Maximum temperature (48°C)
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was recorded during May, while high humidity (up to 90%) was observed during June

due to continuous rainfall (~30 mm).
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Figure 1: Daily average weather parameters during cotton growing season, 2022-23.

3.2 Evaluation of parents and Fimaterial

3.2.1 Analysis of variance

Sufficient variations among treatments, parents vs Crosses, parents, Crosses, and
their interaction were observed for all the traits under observation (Table 2) except few
non-sinficant trends. For instance, lines showed non-significant differences for boll
Weight, and testers varied non—signiﬁcandy for PH, GOT, FL, and Mic, under normal
conditions. While under water deficit conditions, all sources of variations varied

significantly (Table 3).

Table 2: Sum of squares for morphological and quality related traits of ten
parents and 25 Fi crosses under normal condition.

D | CLCu SC GO
Source | F D PH | NB |[BW | Y SI T FL | FS | Mic
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CLCu SC GO
D PH | NB |BW | Y SI T FL | FS | Mic

™ O

Source

2059 | I1.50 | 1.48 | 849 | 5.I5| 122. | 148 | 1.48 | 1.48 | 3.38
ReP. (R) 02 N.S N.S N.S N.S N.S 2 N.S N.S NS NS N.S

1.30 | 1.37 | 1.64 | 6.18 5.99 5.52
Trt. (T) 34 | 728.3* * * * * | 246 * 3.61* * 0.30*
Parents 147 | 3.89 | 1.44 | 3.39 9.62 7.44
(P) 09 | 517.2* * * * * 3.11* * 2.68* * 0.3I*
Crosses 1.29 | 1.76 | 147 | 6.82 4.87 5.03
(C) 24 | 8124 * * * * * 1 2.06% * 391I* * 0.30*
5.86 1952 |7.68 | 1.59 2.75 1.61
PvsC |0l | 6127 * * * * 5.97* * 5.04* * 0.25%
12332 | 248 | 4.19 | 0.78 | 2.42 145 1.58
Lines (L) 04 * * * NS * 6.78* * I1.12* * 0.60*
Tester 1400.2 | 7.09 | 1.72 | 2.86 | 7.09 1.86 | 1.39 | 9.35| O.1I1

(T) O 4_ X N.S xx xx xx I O 2* N.S N.S % N.S

[.14 | I.I16 | 1.30 | 2.40 3.20 [.25
LXT |I6|5602*| * * * = LIS | ¢ | 271% * | 0.27F

Error 68 | 022 |882]9.10|00I |248 | 0.04 |9.10 | 9.I0 | 9.10 | 0.04

*= Significant at p <0.05, N.S = Non-significant

Table 3: Sum of squares for morphological, yield, and fiber traits of ten parents
and 25 Fi1 crosses under water deficit condition.

Source D |CLCu |PH NB GO
F |D BW | SCY |SI T FL FS Mic.

Rep.(R) [02 |236.7 |195. |195. |5.60 |I12. |8.15|272.|172. |138. |9.72

N.S 8 N.S 8 N.S NS I NS NS I NS I N.S 6 N.S N.S
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Trt. (T) 34 | 589.0% | 639. | 109. |0.59 | I12. |0.71 | 2.66 | 2.61* | 26.7% | 0.10
] 6" * 7 * * %

Parents 09 | 558.8* | 6I12. |973. |0.52 | 670. ]0.88 |3.31 | 2.62* | 22.6* | 0.06
(p) I* 4% * g e % %

Crosses 24 | 549.5% | 675. |968. |0.68 |989. |0.70 | 3.0I |4.05* | 29.0 |0.I5
(C) 4% 5 % O* % % 4% %

PvysC Ol | I80.7% | 33.8% | 528. |0.79 | 855. | 047 | IL.I | 44.1* | 8.53* | 0.86

I* * I* * * %

Lines (L) | 04 | 117.3* | 582. | 940. |0.81 | 184. | 1.39 |9.85 | 17.8* | 31.6* | 0.49

I* 4 * 3 * * %

Tester 04 | 260.0 | 124. | 305. |2.86 | I83. |1.38 | 549 [691* | 13.0 |0.I7

(T) 6+ 7% * ] * * ok %
LXT 16 | 143.7% | 611. |453. | 0.I0 | 55I. | 0.36 | 0.67 | 0.65% | 291* | 0.07
5* 323 | * 5% * * *
I*

Error 68 | 20.5 122 | I1.0 | 036 | 17.8 |0.80 | 2.65 | 2.28 |7.64 |O.I1
4

*= Significant p <0.05, N.S = Non-significant
3.2.2. Estimates of genetic components, heritability and mid parent heterosis
Under normal conditions, the GCA was less than SCA variance of all traits that

represent the non-additive type of gene action under normal water condition. Also, the
ratio for GCA variance to SCA variance was lower than I, indicating higher contribution
of dominance genetic variance (Table 4). Comparatively, under water deficit condition
condition, the values of GCA variance for CLCuD index, NB, BW, SI, FL, and mic.
were observed higher than the SCA variance, representing the influence of additive type
of gene action for these traits under water deficit environment (Table §). Ratio of the

GCA variance to SCA variance was lower than I for all the studied traits except
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micronaiere value. Broad sense heritability (H”) and narrow sense heritability (h?)
showed a significant variaton among the two different environments (Table 4 & 35).
Under normal codition, BW had maximum (0.99) while ES possessed minimum (0.77)
H? value. In case of h?, BW, PH and FS had maximum value with 0.75. 0.74 and 0.64,
respectively. Under water deficit condition, FS (0.88) and BW (0.79) possessed
maximum H?value while in terms of h?, BW had maximumvalue of 0.79 also.

Table 4: Genetic components of the morphological, yield and fiber traits under

normal condition.
Genetic
components | CLCuD | PH NB BW | SCY |SI GOT | FL FS | Mic.
C.OV' HLS. 448 89.4 |2024 | 145.7 10.37 [0.75 [0.56 9.7 [0.02
(hnes) 0.03
Cov. H.S. 56.0 2288 | 37211010 | 313.1 | _ -0.08 | -0.08 | 5.40 | -0.01
(tester) 0.008
Cov. HS. 6.3 3.78 | 149.5]0.04 | 110.6]0.02 [0.04 |0.02 |0.94|0.07
(average)
Cov. FES.
oV 354.7 4819 | 786.5|0.54 | 375.1 1097 |218 |1.69 |29.3|0.10
(average)
62gaa 6.3 375 | 149.6]0.04 | 110.60.02 [0.04 |0.025]|0.9 |0.005
0 ’sca 186.6 380.8 | 385.8 | 0.42 | 800.6 | 0.36 | 1.06 | 090 |4.1 |0.08
(i gca/ o
2sca 0.03 0.009 [0.38 |0.090.13 |0.05 |0.03 [0.02 |0.21 |0.06
F=0
Addici
dchgve 25.2 I15.1 [589.1 0.0 [4425|0.09 |0.16 [O0.IT |3.7 |[0.02
genetic
variance
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Genetic
components | CLCuD | PH NB BW | SCY |SI GOT | FL FS | Mic.
F=1
Additive 10 o< 15992 | 008 | 2212|004 008 005 |18 |001
gene'ac
variance
F=0
Variance | 1003 161717759 | 0.85 | 16011073 | 212 | 1.80 |83 |0.17
due to
dominance
F=1I
Variance | o6 1380.8 | 385.8 | 0.42 | 800.6 | 0.36 | 1.06 | 090 |41 | 008
due to
dominance
H? 099 | 084 |097 [099]089 |09I |095 [0.94 |0.77]099
h? 021 | 074 |024 |0.75]053 033 |024 |02I |0.64]0.61

Table S: Genetic components of the morphological, yield and fiber traits under

water deficit condition.

Genetic

Components | CLCuD | PH NB BW | SCY SI GOT | FL FS | Mic.
C.OV HS. -1.75 -1.95 [ 324 [0.04 8609 |0.07 |061 |I.14 |1.01]0.02
(hnes)

Cov HS. 164.0 27.5 [ 173.6]0.18 |888.7 |0.06 032 |041 |853|0.06
(tester)

Cov HS. 10.1 1.59 [ 12.8 [0.0I|109.3 |0.0080.05 [0.09 |0.65|0.02
(average)

Cov ES. 182.6 ) 12641029 | -119.5 | 0.08 |0.89 |2.05 |158|0.04
(average) 162.2
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0 2gca 10.1 [.595 | 12.85 ] 0.01 | 109.35 | 0.005 | 0.055 | 0.095 | 0.65 | 0.02

2 - - -
O *sca 37.9 204.9 5172 1 0.08 4I1.I |-0.I4 | 0.65 |-0.54 | 1.57|0.01

o’ gca/ (e -
sca -0.11 0.07 [-0.05 | 0.120.26 -0.03 | 0.08 |-0.17 |041 |20

F=0
Additive

genetic

40.5 6.39 |[SI.5 |0.05 4374 003 023 [0.39 |2.6I|0.08

variance

F=1
Additive

genetic

20.2 3.19 257 |0.02]|218.7 |0.0I |OII |0.I9 |I1.30]|0.04

variance

F=0

Variance - - - - _
due to 1758 409.8 | 434.1 | 0.17 -822.31-0.29 1 -1.31 | -1.08 3.15|0.03

dominance

F=1I

Variance - - - - -
due to -87.9 2049 [ 217.2 | 0.08 AILI 1 -0.14 1 -0.65 | -0.54 1.5710.01

dominance

H? 0.73 0.28 [0.59 ]0.79]0.63 0.5I [0.52 |0.71 ]0.38|0.20

h? 0.73 0.I8 [0.50 |0.79|0.438 040 |047 045 |0.64|0.20

CLCuD; Cotton leaf curl disease (%), PH; Plant height (ecm), NB; Number of bolls,
BW; Boll weight (g), SCY; Seed cotton yield (g), SI; Seed index (g), GOT; Ginning out
turn (%), FL; Fiber length (cm), Fiber strength (g/ tax), Mic; Micronaire (ug/ inch), 0°
GCA, GCA variance; 0> SCA, SCA variance; H? broad heritability; h? narrow
heritability
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3.2.3 Estimates of GCA of parents
GCA effects both under both conditions i.e., the normal & water deficit, have

been presented in the Table 7 and 8, respectively. CLcuD had negative and lower values
for L5 under normal conditions, L2 under water deficit conditions, and T5, T3 in both
conditions. Under normal conditions, LS had higher and positive GCA effects for NB,
SCY, FL, and FS , while L4 for PH, BW, and GOT. Comparatively, TS showed
positive and higher GCA effects for boll weight, GOT %, fiber length, strength, T3 for
the SCY, T4 had higher GCA for mic (Table 6). Under water deficit condition
condition, L2 had highest positive GCA values for the NB, SCY, and SI, LS for the
BW, GOT, FL, and mic. Among testers, TS showed significantly positive GCA for BW,
SL FL, and FS, and T3 for NB and SCY (Table 7).

Table 6: General combining ability estimates for lines and tester under normal

condition.
GCA
Effects | CLCuD | PH NB BW | SCY SI GOT |FL FS Mic.
Lines

LI 8.59 -0.6 41.1 |- -130.1 | - -0.0I |-I.T |- 0.19
0.11 0.38 1.08

L2 3.59 -7.6 -23.7 10.12 | -45.1 1.I7 | -1.5 0.3 43 (0.19

L3 3.54 -16.5 | -27.1 |- -884 |- 0.5 -0.6 |-0.9 |-0.01I
0.30 0.35

14 -0.60 154 14 0.29 | 92.5 - I1.0S |[0.5 2.4 -0.11

0.39

LS -15.13 |95 90.5 |- 171.2 |- -0.02 0.8 3.9 -0.27

0.01 0.05
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GCA
Effects | CLCuD | PH NB BW |SCY |SI GOT |FL |FS Mic.
S.E. 0.12 0.02 0.03 [0.03 | 0.04 0.04 [0.02 ]0.03 |0.02 |0.01I
Testers
TI 0.71 -1.6 476 |- 4.2 0.17 |-0.20 |- -2.2 | -0.07
0.30 0.31
T2 -0.42 -7.6 -18.2 | - -288 | - 0.I10 |- -2.8 [-0.03
0.08 0.06 0.01
T3 -6.42 9.4 234 |- 1172 | - -042 |- 0.2 |-0.05
0.38 0.26 0.05
T4 15.57 |44 -21.2 1 0.05 | -40.8 |- 0.001 |- 22 |0.14
0.20 0.11
TS -942 -4.6 -31.6 [0.71 [-51.8 |0.35 |0.52 |0.50 |25 [0.02
S.E. 0.12 0.02 0.02 10.0.3]0.03 0.05 [0.02 ]0.02 [0.02 |0.02

Table 7: General combining ability estimates for lines and tester under water

deficit condition.

GCA
Effects | CLCuD |PH | NB BW |SCY |SI GOT |FL |ES Mic.
Lines

LI 2.29 106 |-2.5 - -7.3 -0.24 1 -0.03 [0.I8 |- 0.05
0.07 0.10

L2 -3.97 25 193 0.02 (371 (039 |-0.17 |040 |1.27 |-0.08

L3 3.02 -49 |-10.5 |- -534 [-0.3 |-091 |- 24 |-0.14
0.38 1.60
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GCA

Effects | CLCuD |PH |NB BW | SCY |SI GOT |FL |FS |Mic

L4 -0.97 31 |-24 |0I8|-I.2 |OII |-0.I9 |- 0.64 | -0.11
0.35

LS -0.37 004 |62 0.I9 249 |0.10 |I.3I |I1.36 |0.63 |0.29

S.E. 3.2 1.3 2.5 0.I5 |34 0.20 |042 ]0.30 |0.71 |0.08
Testers

TI 4.33 -74 | -6.66 |- -10.8 [ 0.07 |-0.30 |- 3.8 | -0.07
0.09 0.64

T2 3.0 -10.I | -840 |- -25.1 10.07 [-049 |- - 0.06
0.04 045 | 2.18

T3 -12.0 8.5 25.02 | - 621 |-029 |-041 |- 0.96 |-0.07
0.54 0.09

T4 18.33 5.2 -1.46 -19.2 1-0.28 [0.25 |0.09 | 1.80 | 0.14

0.07

TS -13.66 |38 -848 [0.68 |-68 043 094 |I1.09 |3.30 |-0.12

S.E. 2.7 1.2 I.3 0.I5]3.3 0.20 035 |0.30 [0.56 |0.08

3.2.4. Specific combining ability (SCA) effects for hybrids
Under normal condition, cross .2 X T4, showed the highest positive SCA value

for NB, SCY, and mic values. Cross L2 X T3 exhibited the higher SCA value for GOT
while cross L2 X T5 for FS. Cross L4 X T1 had the highes negative values for CLCuD
(Table 8). Under water deficit stress, L3 X T5 showed highest positive SCA values for
NB, SCY, SI, and FL (Table 9). Cross L2 X T1 showed the higher SCA value for BW.
Cross L3 X T4 had the higher SCA value for FS.

Table 8: SCA estimates for lines X tester under normal condition.
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Crosses |CLCuD |[PH |[NB |BW [SCY |SI |GOT|FL |FS |Mic.
LIXTI _ _ -
1228 0.6 [-52.8 |-0.83 |-54.2 071 0.12 |-0.08 350 | 016
LIXT2 - -
3.42 84 |150 [0.34 |288 |0.02]0.02 |-0.38 0.66 | 0.10
X _

LIXT3 442 9.6 |-76 [-045 |-92.2 027 -0.16 | 025 | 147 021
LIXT4 |-7.57 54 220 (050 |658 [046-038 031 |047 021
X _
LIXTS -12.57 |36 234 |044 |51.8 |0.50|040 |-0.10 |2.23 016
X _
L2XTI 2.28 27.6 |-49.2 |0.22 |-142 [0.52]-0.32 |0.95 [2.23 026
L2XT2 - _ _

3.42 -164 |66 |00 |-21.2 0.03 _1.62 1 0.75 112 | 020
[2XT3 - - - -
442 34 |-70 [-0.19 |-87.2 0.03 1.50 0.004 | 378 | 0.38
[2XT4 |-2.57 116 366 |0.56 |150.8|0.10|1.48 |[-0.54 |0.21 |0.51
X _
L2XTS 7.57 “194 | 13.0 [-0.69 |-282 0.55 _1.04 | -1.16 | 247 | 0.33
L3xTI 2.86 334 | -61.6 | 042 |-50.2 | 022 |-0.54 | . 0.37
’ [ N ’ T 071 | T e 124 |
X _
L3XT2 1.71 124192 [-0.89 |-37.2 |0.02|0.42 0.69 | 0.23
0.744
L3xT3 428 156 | 166 [-009 [-32 | 0.56 | -0.40 | 1.03 |
.. - . - - - - 0’27 - - - - . 0.04
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Crosses |CLCuD |[PH |[NB |BW [SCY |SI |GOT|FL |FS |Mic.
X _
L3xT4 1228 |10.6 [I122 |-0.13 |4.38 0.06 | -0.28 | 0.I5 [0.03 024
L3XT5 - -
1771 1 19.6 236 |0.70 |858 |0.90[020 |1.53 0.50 | 0.32
I4XTI |-1871 |-54 |-292 |-0.77 |488 [1.02]-0.58]0.35 [1.79]0.17
L4XT2 - -
2.42 206 |7.6 030 |-232 0.73 -0.08 | 0.85 | 1.23 0.16
[4XT3 [-11.57 |-64 [320 |0.70 |1458 |0.56|0.06 |0.49 [0.07 |0.05
14X T4 - - - -
1642 |86 |-104 |-043 1362 | 0.49 _1.02 | -1.64 092 | 024
L4XT5 _ i
1142 |-174 [00I |0.20 |-352 035 -0.30 | -0.06 516 0.17
L5XTI 1.28 10.6 | 1928 1096 |69.8 | 0.56 |-0.68 |0.73 |
- - . 3 - O’II . - . - O’IO
X _
L5xT2 -7.57 166 |-384 |0.14 [528 |0.72|1.26 |-0.48 012 0.23
L5XT3 |-1.57 -154 [ -34.0 [0.04 |368 [0.02]|-0.72|-0.34 | 1.21 |0.15
L3XT4 - -
_1857 |-254 |-604 |-0.49 |-852 013 J1.84 | 1.71 |0.21 024
L3XTS 2642 | 13.6 |-60.0 |-0.65 |-742 | 0.74 |-0.20 | _ -
' R R T 1049 | e 2.02 [ 0.02
SE. 0.27 0.05 005 [0.06 |0.57 [0.12]0.05 [0.05 |0.04]0.03
Table 9: SCA estimates for lines X tester under water deficit condition.
Crosses | CLCuD |[PH |[NB |BW [SCY |SI |GOT|FL |FS |Mic.
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Crosses | CLCuD |[PH |[NB |BW [SCY |SI |GOT|FL |FS |Mic.
LIXTI _ _
2.0 9.80 [0.0I |-0.23 |-19.12 |0.29 |-0.13 0.03 | 0.86 0.02
X _
LIXT2 2.66 420 |-391 [024 |-485 |0.I5 |-0.68 |0.I1 0.54 0.05
LIXT3 - _ _ _ _
L0 21.20 -13.6 1 0.IT 1 -2045 0.07 0.35 0.02 | 0.48 | 0.0I
LIXT4 _ _
-7.66 18.80 | 4.08 |-0.18 |-5.78 034 0.31 030 0.54 1 0.03
LIXT5 6.0 3.20 | 13.49]0.06 |5021 | 0.15 025|134 |
. - . - - - 0‘03 . - . 0.09
X _
LoxTI 3.66 1.80 |2.74 10.33 |31.68 |0.05 |0.07 |0.15]0.75 0.14
L2XT2 - _
5.0 613 |58 |-0.02|1528 0.0 0.19 [0.09]0.18 017
X _
L2%xT3 5.0 15.80 |9.12 |-0.05 [13.68 |0.18 |-0.11 |0.13]0.76 0.04
12X T4 _ _
3.0 5586 23.38 1 0.04 [334 |021 |-0.18|0.27 073 0.10
1L2XT5 _ - - _
3.33 2.13 1430 -0.30 | -63.98 0.44 0.02 0.65 | 0.96 0.24
L3XTI - - - -
5.66 29.86 1165 -0.12 | -45.78 0.39 0.03 020 | 1.06 0.15
L3XT2 _ _
5.33 2220 [-591 [0.02 |-14.85|0.33 |-0.51 0.39 | 0.40 0.12
L3XT3 | 8.66 142 | -0.10 |-57.12 | _ 0.15 | _ ] ]

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643

Article ID: 2078

https://doi.org/10.53762/grjnst.04.02.29



https://portal.issn.org/resource/ISSN/2790-7643

Page 20
Crosses | CLCuD |[PH |NB |BW |[SCY |SI GOT |FL |FS | Mic.
16.34 0.42 042 | 0.84 | 0.04
X -
L3xT4 -10.0 20.80 | 14.08 | -0.04 | 34.21 0.06 0.29 |0.28 | 142 |0.03
X -
L3XTS -9.66 546 |19.82]024 |83.547|0.54 | 0.03 |0.75|0.88 026
X -
LAXTI -2.0 0.I3 834 |00I |I16.347|0.40 |-0.26 |0.23]0.61 0.08
[4XT2 - -
2.66 -5.53 |-0.58 | -0.04 | -3.387 0.39 -0.IT | 0.55|0.37 0.14
[4XT3 | -7.33 19.13 | 13.7210.06 |51.680|0.26 |0.04 |041|0.72 |0.02
[4XT4 - - - -
5.66 .53 -8.78 10.02 |-15.32 0.07 0.37 0.76 | 1.44 0.03
L4XTS - - - _
1.0 -1.20 12.70 -0.06 | -49.32 0.19 -0.04 043 | 027 0.I7
LSXTI - -
-5.33 -1.86 [ 0.53 |0.007 | 16.83 035 0.29 0.14 0.56 | 0.04
LSXT2 - -
-5.66 580 |4.60 |-0.21 |7.8I3 0.09 [.I1 0.36 0.38 | 0.14
LSXT3 - -
2.66 046 |7.17 |-00I | 1221 |0.04 |-043 009 | 0.16 0.08
X -
L5xT4 9.0 -1.20 |-5.99 | 0.IS |-16.45 |0.26 |-0.80 | 0.51 | 0.20 0.20
L5XTS - -
-0.66 -3.20 | -6.31 | 0.06 |-20.45 |0.14 |-0.I6 | 0.08 099 | 0.06
S.E. I.I6 221 | 191 |0.35 |271 0.5I {094 |0.87|1.59 |0.19
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3.2.5 Mid parent hetersosis

Mid parent hetersosis of all traits under both environmental conditions was
calsulated and presented in Table 10 & 11, respectively. Combinations, LI X T4 and
L2 X T4, revealed the positive and highly significant heterosis for NB, BW and SCY
under water defcit condition in contrast to normal condition. While, cross L3 X T4
showed positive and highly significant heterosis for NB, BW and SCY both under
normal and water deficit conditions. Maximum and highly sifnificant possitive heterosis
was observed for SCY in the cross L3 X TS5, for NB in cross L.2 X T1, for BW in L3
X T4 under water deficit environment. Under normal condition, the maximum and
significant posssitive heterosis for FL was observed in L4 X T3, for FS in L2 X TT, for
micronaier valu in cross L2 X TS. all sources of variations varied significantly (Table 3)
deficit condition, maximum positive and significant heterosis for FL was recorded in

cross L2 X T2, for FS in cross L1 X T35, for micronaier value in combination L2 X T4.

Table 10: Mid parent heterosis of crosses under normal condition.

Crosses | CLCuD | PH NB BW SCY SI GOT FL ES Mic.
LI X -

TI 426" | 8.80"* | 4.57** 15447 | -14.07** | -4.42* | 0.63* | -0.31** | -3.13** | -6.15**
LI X -

T2 526" | 9.80% | 3.57%* 19447 | -17.07%* | -3.42" | 1.63* | -1.31** | -4.13** | -5.15**
LI X -

T3 -5.88" | -5.66™ | 6.89%* [6.21%* | 25 [.52NS | L.IT* | -0.53** | 0.64™ | -2.08**
LI X

T4 -6.66% | 847% | -27.84™ | 2.23** | -20 -3.42% | 1.O** | 0.8%* 10.60%* | 3.09**
LI X

TS -14.2%% | 14.28** | 10.7SNS | 32.18"* | 48.83** | 0.23* | -0.12* | 0.I** [1.94% | 6.12**
L2 X

TI -57.14% | 1.81** | O* 26.82%% | 28.57% | 4.72** | 1.59% | -0.52%* | 13.66™* | -2.08**
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L2 X -
T2 -12.5™ | 18.51" | §8.73% | 6.32** | 64.70"* | 1693 | 1.44* | 5.66™ | -0.78"* | 3.22NS
L2 X - - -
T3 o™ 21.42% | 23.07% | 6.17% | 27.81™ | 421" | 221" | 6.83* | 15.38"* | O**
L2 X -
T4 one -9.677 | -6.59% | 6.32** | IL.IT*™ | 6.01* | 6.36™ | 3.30%* | 18.84"* | -5.37**
L2 X
TS 0% 15.38% | 90.88** | 27.93** | 49.05** | 2.59™ | 5.60** | 0.5I** | -2.85"* | 17.02**
L3 X |- - -
TI 45.45™ | 2413 | 11.86** | -3.37** | 7.69* -0.50% | I.I5* | -0.85** | 0.689** | 13.04**
L3 X -
T2 0 S25%F | -1 447 | 207 [5.55% | 5.88* | [.oI** | 1.142™ | -6.16™ | 10.37**
L3 X -
T3 0% -16™ | 9.85% 16.41* | -6.77* | 7.5 [.834% | 0% -4.41™ | 9.37%
L3 X -
T4 207 7.14% 1 16.09% | 18.70"* | 38.09** | 5.88"* | 0.24™ | 0.35** | 0** 1.54**
L3 X -
TS SO** 21.73%% | 2.36™* [8.21* | 19.14* | 4.29% | 0.122*% | [41** | 1.36™ | 0.43**
[4 X |-
TI 7777 | 7.69% | 23.07** | 38.66%* | 82.60"* | 18.56"* | 0.84" | 6.9** -2.78% | -1.7%*
[4 X |- -
T2 66.66%* | -3.22%* | 50.79** | 6.45™ | 130.98%* | 34.2** | 0.36™* | 5.4™* 4.72% | -6™*
L[4 X -
T3 20%* 6.25% | 3.12%* 43.75% | 66.67* | 1.96% | 0.60** | 9.09** | -0.68"* | II.IT**
L4 X
T4 -50™* S8.577 | 26.55% | 78.770%% | 25.45™ | 21.91*F | 0.98" | 6.90** | -0.64** | -8.0**
L[4 X -
TS 71427 | 13.33%% | -32.43™ | 34.22** | -1.36™ | [.28"* | 3.03™* | -1.58" | 0.63** | 10.89**
LS X - -
TI 71.427% | 18.18™ | -26.22%* | 47.22%* | 50** 7.5% 0.35% | 4.67% | -4.94™ | -3.03**
LS X
T2 -60™* [2.28%* | 488.40%* | 28** 94.28* | 9.20™ | 0.24% | -1.42%* | 3.40%* | -3.37**
LS X |-
T3 84.62% | 847* | 55.71** | 9.09** | 71.64** | 11.76™ | 1.70™* | 1.O27** | -2.6™* | 2.27**
LS X |- - -
T4 81.82** | 10.76™* | 40.52** | 15.85"* | 63.88** | 5.52** | 2.85" | 0.68** | 3.7** -1 12
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LS X - -
‘ TS ‘ 76477 | -5.45% | 15.70%* ‘ 1.92%* ‘ 15.88% | -1.74™% | 6.09N | 6.7%* ‘ 5 ‘ -6.66%*
*= Significant, **= Highly Significant, N.S = Non-significant
Table 11: Mid parent heterosis of crosses under water deficit condition.
Crosses | CLCuD | PH NB BW SCY SI GOT |FL ES Mic.
LI X
TI 3.7 10%* 27.45% | -20.58% | ONS -5.26%F | 1.84N | _1.ISNS | -6.I% | -5.88™
LI X -
T2 4 S18.18% | 31.14% | 8.82% 42.85% | -6.32% | 1.06N | 2,713 | -4.8% | 693N
LI X
T3 4,767 | I8 51" | -11.76% | -3.44% | -7.40% | -2.59% | 3.0M -1.84% | -0.95™ | 1.96™
LI X
T4 10.34% | 15.78% | 36.17% |23.52% | 68.75% | 0.6INS | 0.I18™ |[0.I8N |4.83% | QO
LI X
TS -20%% -25% I11.80% | 15.38% | 28** L.19™ | 1.29 | -1.8™ | 10.86% | -2.97™
L2 X
TI 127 -407* 88.75% | 5.55% 100 17.5% | 1.25Y | 8.22% | OM -7.07™
L2 X -
T2 4347 | -59.09% | 34,94 | OF* 34.61% | 3.0 -5.3%* 11.36%% | -3.27% | 4.081™
L2 X -
T3 26,31 | -25.92% | 15.315%% | 3.22%** 32.25% | 7.8%* 7.1 0. I8N | -1.51** | -5.05™
L2 X
T4 I | -36.84% | 50.7% 13.88% | 90** -2.13% | 4.00% 148%™ | _4#* 14.85%
L2 X
TS 44 47 | 41,67 | 40,77 | -7.3%F 33.33% | 2.6 -0.07M5 1 20.54Ns | 3. 7% 12.24*%
I3 X |-
TI [8.18% | -56.25% | 21.495% | 13.3** 53.84% | 6.5%* 0.37N 1 0.58% | -7.91* | 13.6**
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L3
T2 207 -22.22%% | 944 | -13.33" | -24.05** | 9.09* | 1.36™ | 2.53** | -3.87** | 10.63*
I’i‘?& [2.5% | -4.347" | 65.38** | [2** 84.6™* 5.0%* -0.76™ | -2.04™ | -7.9% | 3. I5™
I’f‘i 33.33% | 46.66™* | S1.02** | 16.66™ | 33.3** 4.054% | -0.24™ | 1.50™ | -0.72™ | [.O3™
I{"?; _73.33** o™ 70.2%* 34.28% | 213.0%* | 26.79** | -0.61™ | 9.023** | -S.I** | -2.12™
}1:41' _64.70*"‘ 9.80** 44.08* | 29.82* | 113.7** | 40.14** E)‘746NS 5227 | 4.27% | -7.69*
}1:[; 20 -20%* -16.53% | 36.842%% | 38.36** | 4.89* |0.24™ | 10.90%* | -3.54** | -6.79**
L4 - 0.832
T3 45457 | -16.92** | 31.60** | 74.468%* | 128.5%* | 23.74** | ™® S.OI* | -3.31% | -7.69™
%’i 68.42%% | 22.44% | -ST.14%* | 29.82% | -29.03** | -4.05** | 0.12™ | -2.35™ | -6.57** | -11.3*
}1:45' [00** | -18.64%* | -22.22%* | 43.28** | 52.72** | 7.18&™ | 0.48™ | 6.0%* o -4.85™
I’I"SI -60™* 23.404%* | 60.572** | 23.94* | 108.88** | 11.6™* | -0.37™ | 3.9** 2.7 | -1.O7™
I’I; S77.77% | 137727 | 56,9507 | 4.22%* 63.17% | 8.7% 0.36™ | 5.4% -4.89% | 2.17™
I’Ig _71.42** -18.03% | 46.52%* | 14.75** | 65.5I** | 7.6** -2.52™ | 1.73% | 2747 | -1.07™
I’I"f} 9.090** | -2.2%* 2121 | -1.40%* | 19.14* | -3.03** | -6.14** | 8.61* | -0.66™ | -74™
I’I"SS 38.46™ | -5.45" | 21.160™* | -6.17%* | 28.7** _I 176" | -1.O9™ | 3.44* | -5.19% | O™

*= Significant, **= Highly Significant, N.S = Non-significant

3.2.6 Proportional contribution of lines, testers, and their interactions

The proportional contribution of lines, testers and their interactions

under

normal and water defict conditions have been presented in Fig. 3a & 3b. Under normal

condition, lines contributed higher for the traits; SCY, SI, GOT, FL, while the

contribution of crosses was higher for CLCuD, PH, BW, and mic. Under water deficit
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condition, testers contributed significantly higher for CLCuD, NB, BW and mic value.
Lines contributed higher towards GOT, FL, and FS.  Crosses showed higher
contribution to PH, SCY, and SI.
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acud P N st
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Figure 2: Proportional contribution of lines, testers, and their interaction (line X

tester) for the morphological, yield, and fiber quality traits under normal (a) and water
deficit (b) conditions.

3.2.7. Performance of parents and their hybrids under normal and water deficit
conditions

Under normal condition, PCI and PC2 explained 33.8% and 20.6% of the total

variability, respectively (Fig. 3a). Overall, hybrids (H21; LS x T1, HI8; L4 x T3, H23;
LS x T3) showed highest values for seed cotton yield and number of bolls under both
normal and water deficit condition environments. Parents had higher values for CICuD
compared to hybrids. Cross 15 (L3 x TS) had highest boll weight, cross 6 (L2 x TT)
had highest seed index. Line S had highest number of bolls, while T3 showed highest
GOT%.
Under water deficit condition environment, PCI explained the 41.8% while PC2
18.1% of the variability (Fig. 3b). Line § was found at the extreme of the plot for the
number of bolls. Tester, T3, was also higher for GOT% same as under normal
condition,
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O (TR

@ | (b)
Figure 3: Biplot analysis of lines, testers and hybrids for morphological, yield and fiber

traits under normal (a) and water deficit (b) conditions.
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3.2.8 Mean performance of crosses for morphological, yield and fiber traits
The data for morphological, yield and fiber parameters under both water

environments were recorded. Mean data of crosses have been presented in Fig. 4. Cross
20 (L4 x TS) and 21 (LS x TT) showed higher men values for boll weight. Cross 15
(L3 x TS), 16 (L4 x TT) and 22 (LS x T2) were significantly high for seed index. In
case of CLCuD, fiber length, strength and micronaire value, cross 22 (LS x T2), 23 (LS
x T3) and 24 (LS x T4) were observed with maximum mean values both under normal

and water deficit condition.
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Discussion

Global climate change threatens cotton yield (Loka et al. 2020). A 5°C rise in
temperature enhance the risk of both floods and droughts (Soong et al. 2020). Both the
increasing global population and fiber demand have created a challenge to develop
stress-resistant cultivars. Cotton crop is exposed to various climate-driven biotic and
abiotic stresses (Haroon et al. 2023). This calls for assessment of variability and create
new genetic combinations to select drought and heat tolerant germplasm for future
breeding programs. This study found that the genetic variability was better manifested in
hybrids as they revealed significant variations for all the traits under two different
environmental conditions (Table & 3) (Kamara et al. 2021I). Genetic dversity was
further portioned into different components due to SCA and GCA (Griffing, 1956)
which provides a better understanding of how these characters have been controlled
(Imtiaz et al. 2023). SCA and GCA variances were found significant under both watered
envionments that revealed the contribution of additive and non-additive gene action.
Earlier, in various studies, both type of gene actions have been reported in the
inheritance pattern of morphological, yield, and fiber traits (Abro et al. 2009; Imran et
al. 2012). It was observed that under normal irrigation condition, the GCA variance was
less than the SCA variance indicating the superiority of non-additive gene action for all
the traits (Table 4). Previously, the dominating role of the non-additive genes for SI,
fiber quality and SCY has been reported (Zare et al. 2014; Ali et al. 2016). Non-
additive gene action supports the opportunity for the selection of such genotypes or
combinations for the improvement of the specific trait in a hybrid. While under water
deficit condition condition, traits like CLCuD, NB, BW, SI, FL, and mic value exhibit a
higher GCA variance than the SCA variance which represents the additive type of gene
action (Table 5) as also supported by Javid et al. 2014. Sufficint heterosis is also needed
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for any breeding programme. Crosses, LI X T4, L2 X T4, L3 X T4, L3 X TS, L2 X
TI, L3 X T4 were observed with with maximum heterosis for different traits under
both treatments. These results are related with previos findings and may be selected to
design the breeding stategy for the targeted traits (Monicashree et al. 2017; Magbool et
al. 2017; Sajjad et al. 2010).

For a successtul breeding program and gene pyramiding, several crossing cycles
followed by selection of good combining parents are important (Desoky et al. 2021).
Among lines, LS (VH-327), had the highest values for the NB, SCY, FL and FS both
under normal and water deficit condition environments (Table 6) which indicated that
this line can be used for the improvement of these traits. While, TS (FH-Lalazar)
showed higher GCA effects for BW, GOT%, FL, FS under normal while higher values
for BW, SI, FL and FS under water deficit condition (Table 7). Previously, the
dominant role of genes regarding the genetic mechanism for these traits has been
reported (Imran et al. 2012; Shakeel et al. 2012). Specific combining ability estimates is
used to identify the crosses that perform well in specific combinations for the desired
trait (Liagat et al. 2023). Under water deficit condition, cross L3 X TS, possessed
higher SCA value for NB, SCY, SI, and FL. Such crosses can produce transgressive
segregants, hence giving rise to new genetic combinations and significantly improving the
specific traits. Under water deficit condition, line S possessed a higher value for the NB,
Cross 18 (L4 x T3) and cross 21 (LS x TT1) was the best performing for SCY and
tester, T3, was also higher for GOT% and present on the extreme of biplot (Fig. 3b).
These lines, crossed and testers revealed significant potential for morphological and yield

traits under water deficit condition environment and important from breeding point of
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view. Emphasis on seed number per boll (Seed index) and boll numbers could be an

important criterion while breeding for drought-tolerant cotton genotypes (Ur Rehman

et al. 2007).

Conclusion

Changing climate scenario has become a serious threat to cotton yield and
production. This study provides valuable insights for the genetic components underlying
morphological, yield, and fiber traits of different cotton varieties and their interaction
under water deficit condition. Hybridization in different combinations resulted in
increased seed cotton yield and drought tolerance. General and specific combining
ability estimates revealed the inheritance pattern of lines, testers and their interactions
for morphological and yield traits undernormal and water stress conditions. VH-327,
FH-Lalazar and cross 18 (L4 x T3) and cross 21 (LS x TT) were the best performing
for yield contributing traits under water deficit condition. These lines and testers have
the potential to be utilized in breeding programme specifically under water stress
environment. Cross L3 X TS possessed the higher SCA effect and may be exploited for
the development of a hybrid for specific traits. Cross 18 (L4 x T3), 21 (L5 x TT), 22
(LS x T2) and 23 (LS x T3) exhibited the maximum seed cotton yield and number of
bolls under both normal and water deficit condition condition that is almost 15-20%
higher than the parental genotypes. Our investigation not only provides an
understanding of the inheritance pattern of drought tolerance but also provides the
opportunity to design the breeding strategy specifically for the drought-stress
environment.

Abbreviations: DF; Degree of freedom, CLCuD; Cotton leaf curl disease (%), PH; Plant
height (ecm), NB; Number of bolls, BW; Boll weight (g), SCY; Seed cotton yield (g), SI;
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Seed index (g), GOT; Ginning out turn (%), FL; Fiber length (cm), FS; Fiber strength
(g/tax), Mic; Micronaire (pMg/inch).

Declarations
Conflict of interest: We confirm that this paper has not been published anywhere.

Ethical approval: All the authors have no conflict of interest with any institution, journal

etc.
Funding: No specific funding was received for this research.
References

Abro S, Kandhro MM, Laghari S, et al. Combining ability and heterosis for yieid
contributing traits in upland cotton (Gossypium hirsurum L.). Pak ] Bot.
2009; 41(4):1769-1774.

Ali 1, Shakeel A, Saeed A, et al. Combining ability analysis and heterotic studies for
within-boll yield components and fibre quality in cotton. JAPS: ] Anim Plant Sci.

2016; 26(1):156-162.

Ammar A, Ali Z, Saddique MAB, et al. Genetic analysis and expression profiling of
TaHSPO0A transcripts confer heat tolerance in wheat. SABRAO ] Breed Genet.
2023; 55(3):653-670. http://doi.org/10.54910/sabrao2023.55.3.5.

Bozorov TA, Usmanov RM, Yang H, Hamdullaev SA, et al. Effect of water deficiency
on relationships between metabolism, physiology, biomass, and yield of upland
cotton (Gossyprum  hirsutum  L.).] Arid Land.  2018; 10:441-456.
https://doi.org/10.1007/s40333-018-0009-y.

Desoky ESM, Mansour E, Ali MM, et al. Exogenously used 24-epibrassinolide
promotes drought tolerance in maize hybrids by improving plant and water

productivity n an arid environment. Plants. 2021; 10(2):354.
https://doi.org/10.3390/p1ant510020354.

Farooq MA, Chattha WS, Shafique MS, et al. Transgenerational impact of climatic
changes on cotton  production. Front  Plant  Sci. 2023;  14:987514.
https://doi.org/10.3389/fpls.2023.987514.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2078
https://doi.org/10.53762/grjnst.04.02.29



https://portal.issn.org/resource/ISSN/2790-7643
https://doi.org/10.3390/plants10020354

Page 32

Griffing BRUCE. Concept of general and specific combining ability in relation to diallel
crossing systems. Aust | Biol Sci. 1956; 9(4):463-493.

Haroon M, Anas M, Naurin I, et al. Autoimmunity in plants; a powerful weapon in
Kingdom Plantae to combat stresses. Int | Biosci. 2023; 12(3):159-164.
https:/ / doi.org/ 10.47278/journal.ijab/2023.059.

Ljaz A, Anwar Z, Ali A, et al. Unraveling the genetic and molecular basis of heat stress in
cotton. Front Genet. 2024;15:1296622.
https:/ / doi.org/ 10.3389/foene.2024.1296622.

Imtiaz M, Shakeel A, Khan AI, Ul Rehman MSN. Identification of potential plant
material and genetic analysis for drought tolerance in upland cotton based on

physiological indicators. Pak ] Bot. 2023; §5:1215-1227.

Jans Y, Von Bloh W, Schaphoft S, Muller C. Global cotton production under climate
change—Implications for yield and water consumption. Hydrol Earth Syst Sci.
2021; 25: 2027-2044. https:/ / doi'org/ 10.5194/hess-25-2027-2021, 2021.

Javaid A, Azhar FM, Khan IA, Rana SA. Genetic basis of some yield components in
Gossyprum hirsurum L. Pak ] Agri Sci. 2014; SI(1):143-146.

Kamara MM, Ibrahim KM, Mansour E, Kheir AM, et al. Combining ability and gene
action controﬂing grain yield and its related traits in bread wheat under heat stress
and normal conditions. Agron. 2021; T1(8):1450.
https://doi.org/10.3390/agronomyI 1081450.

Kashif M, Sang Y, Mo S, et al. Deciphering the biodesulfurization pathway employing
marine mangrove Bacillus aryabhattai strain NMI-A2 according to whole genome

sequencing and  transcriptome  analyses. Genomics.  2023; 115(3):110635.
https://doi.orQ/IO.IOI6/i.ygeno.2023.1 10635.

Kempthorne O. The contributions of statistics to agronomy. AdvAgron. 1957; 9:177-
204. https://doi.org/10.1016/S0065-2113(08)60113-3.

Liagat S, Tipu ALK, Ahmad G, et al. Genetic diversity among cotton (gossypium
hirsutum 1) Germplasm for yield and fibre traits under arid climatic

condition. Agric Sci J. 2023; 5(1):1-7. https://doi.org/10.56520/asj.v5i1.187.

Loka DA, Oosterhuis DM. Physiological and biochemical responses of two cotton
(Gossypium hirsurum L.) cultivars differing in Thermotolerance to high night

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2078
https://doi.org/10.53762/grjnst.04.02.29


https://portal.issn.org/resource/ISSN/2790-7643

Page 33

temperatures during Anthesis. Agriculture. 2020; 10(9):407.
https:/ / doi.org/ 10.3390/ agriculture]0090407.

Mahmood T, Wang X, Ahmar S, et al. Genetic potential and inheritance pattern of
phenological growth and drought tolerance in cotton (Gossypium hirsutum

L.). Front Plant Sci. 2021; 12:705392.
https://doi.org/lO.3389/fpls.2021.705392.

Magbool MA, Aslam M, Khan MS, et al. Evaluation of single cross yellow maize
hybrids for agronomic and carotenoid traits. Int J Agric Biol. 2017; 19:1087-
1098. https://doi: 10.17957/IJAB/15.0389

Imran M, Shakeel A, Azhar FM, et al. Combining ability analysis for within-boll yield
components in upland cotton (Gossypium hirsutum L.). Genet Mol Res.
2012; 11(3):2790-2800. DOI http://dx.doi.org/10.4238 /2012.August.24.4

Naz R, Gul F, Zahoor S, et al. Interactive effects of hydrogen sulphide and silicon
enhance drought and heat tolerance by modulating hormones, antioxidant defence

enzymes and redox status in barley (Hordeum Vu/g.;zre L.). Plant Biol.
2022;: 24:684-696. https://doi.org/IO.I 11 I/plb.l3374.

Rahman MHU, Ahmad I, Ghaffar A, et al. Climate resilient cotton production system: a
case study in Pakistan. In: Ahmad S, Hasanuzzaman M (eds) Cotton Production
and Uses. Springer, Singapore. 2020; 447-484. https:/ / doi‘org/ 10.1007/978-
981-15-1472-2 22.

Rehman T, Tabassum B, Yousaf S, et al. Consequences of drought stress encountered

during seedling stage on physiology and yield of cultivated cotton. Front Plant
Sci. 2022; 13:906444. https://doi’org/IO.3389/fpls.2022.906444.

Sajjad M, Azhar MT, Ul Malook S. LineX tester analysis for different yield and its
attributed traits in Upland. ( Gossyprum hirsutum L.) Agric Biol ] N Am. 2016;
7(4):163-172. d0i:10.5251 /abjna.2016.7.4.163.172.

Saleem MA, Malik W, Qayyum A, et al. Impact of heat stress responsive factors on

growth and physiology of cotton (Gossyprium hirsutum L.). Mol Biol Rep.
2021; 48:1069-1079. https://doi.org/l()’1007/5I 1033-021-06217-z.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2078
https://doi.org/10.53762/grjnst.04.02.29


https://portal.issn.org/resource/ISSN/2790-7643

Page 34

Shakeel A, Ahmad S, Naeem M, et al. Gossyprum Hirsurum L Genotiplerinin Verim ve

Kalite Karakterlerinin Combine Yeteneg8i Caligmalarinin Degerlendirilmesi. | Inst

Sci Tech. 2012; 2(1):67-74.

Soong JL, Phillips CL, Ledna C, et al. CMIPS models predict rapid and deep soil
warming  over  the  2Ist  century.]  Geophys Res  Biogeosci.
2020; 125(2):2019]G005266. https://doi.org/10.1029/2019]GO05266.

Ullah A, Akbar A, Luo Q, et al. Microbiome diversity in cotton rhizosphere under
normal and  drought  conditions. Microb  Ecol.  2019; 77:429-439.
https://doi.org/IO.IOO7/SOOZ48—OI8—1260—7.

Ur Rahman H, Murtaza N, Shah MKN. Study of cotton fibre traits inheritance under
different temperature regimes.] Agron Crop Sci. 2007; 193(1):45-54.
https://doi.org/IO.I 111/1.1439-037X.2006.00239.x.

Zafar MM, Jia X, Shakeel A, et al. Unraveling heat tolerance in upland cotton

(Gossyprum hirsutum L.) using univariate and multivariate analysis. Front Plant

Sci. 2022; 12:727835. https://doi.org/10.3389/fpls.2021.727835.

Zare M, Mohammadifard GR, Bazrafshan F, Zadehbagheri M. Evaluation of cotton
(Gossypium  hirsutum L)) genotypes to drought stress. Int ] Biosci.
2014; 4(12):158-166. http://dx.doi.org/10.12692/iib/4.1.158—166.

Zhu Y, Sun L, Luo Q, et al. Spatial optimization of cotton cultivation in Xinjiang: A
climate change perspective. Int | Appl Earth Obs Geoinf. 2023; 124:103523.
https://doi.org/IO.IOI6/i.iag.2023.103523.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2078
https://doi.org/10.53762/grjnst.04.02.29


https://portal.issn.org/resource/ISSN/2790-7643

