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SUMMARY

Cotton (Gossypium barbadense) is an important fiber crop that plays a major role
in the economy and national income of many countries worldwide. Knowledge of
combining ability and gene action in a population can help cotton breeders select
potential parents and promising F; crosses and devise breeding strategies for
developing high-yielding cultivars with desirable fiber quality traits. The aim of this
study was to estimate the general combining ability (GCA) of six diverse cotton
genotypes and the specific combining ability (SCA) of their F; crosses from half-
diallel mating; to determine gene action and heritability for earliness characters,
yield-related traits, and fiber quality parameters; to assess interrelationships
among evaluated traits; and to classify the parents and their hybrids on the basis of
earliness characters, yield and its related traits, and fiber quality parameters.
Randomized complete block design with three replications was applied to evaluate
the six parents and their 15 F; crosses at the Experimental Farm of Sids Research
Station, Beni-Suef, Egypt. The obtained results revealed highly significant
differences among parental genotypes and their F; crosses for all evaluated traits.
Moreover, GCA and SCA effects were highly significant for all tested traits. The
parental genotypes P5 and P6 exhibited good combining ability for increasing cotton
yield and its related traits. In addition, the cross combinations P3 x P6, P4 x P5, P4
x P6, and P1 x P2 displayed positive SCA values for cotton yield and its
contributing traits with the highest significance. Furthermore, the results revealed
the significant contribution of additive and nonadditive gene actions to the
inheritance of all the studied traits. Otherwise, the contribution of dominance
effects to the components of genetic variance in the inheritance of the studied traits
was higher than that of additive ones. Additionally, covariance-variance graphs
revealed a high degree of genetic diversity for parents with different degrees of
dominance and different distributions of dominant and recessive alleles in the
parental genotypes for all evaluated traits.
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INTRODUCTION

Cotton (Gossypium barbadense) is one
of the most important fiber and oil
crops worldwide. It plays a major role
in the economy and national income of
cotton-producing countries. Globally,
the highest producers of cotton are
China, India, United States, Brazil,
Pakistan, Turkey, and Australia
(FAOSTAT, 2020). From 1965 to 2018,
the cotton cultivation area in Egypt
decreased from 800 thousand ha to
140 thousand ha, and cotton
production declined from 1.48 million
tons to 311 thousand tons (FAOSTAT,
2020). Therefore, great national
efforts have been dedicated to
increase cotton production through
breeding programs. Accordingly, from
1965 to 2018, seed yield increased
from 1856 kg/ha to 3296 kg/ha.
Nevertheless, these efforts should be
intensified to cope with the recent
climate change that obstructs crop
production (Mansour et al., 2017a;
2018a,b; Migliore et al., 219; Gharib
et al., 2020; Mansour et al., 2020).
Cotton has several uses: its
fiber is one of the extremely acclaimed
natural fibers; oil from its seed is used
for human consumption; and feed
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products for livestock are
manufactured from its seeds, which
are rich in protein (He et al., 2013;
Bellaloui et al., 2015). Developing new
high-yielding cotton cultivars with
acceptable fiber quality characters is a
major objective of all cotton breeders.
The first step is selecting appropriate
parents for producing crosses with
potential heterosis (Kumar et al.,
2014; Mansour et al., 2017b; 2018b;
Hussain et al., 2019; Gharib et al.,
2020; Mansour et al., 2020). Diallel

analysis is an effective biometric
approach to identifying suitable
parents and crosses through

estimating general combining ability
(GCA) and specific combining ability
(SCA). GCA and SCA allow comparing
the performance of investigated
parents in different Cross
combinations. The genotypes that
display high GCA reveal great
capability to combine with other
various genotypes and produce high-
yielding progenies. By contrast, the
genotypes that exhibit high SCA
combine well only in certain crosses.
Furthermore, high GCA reveals
additive gene effects for the studied
characters, and high SCA reveals
nonadditive, dominant, and epistatic



effects (Basal and Turgut, 2003; Qu et

al., 2012; Mansour and Moustafa,
2016; Vasconcelos et al., 2018).
Additionally, diallel analysis enables

breeders to detect the most efficient
selection method through estimating
the genetic nature of evaluated
qualitative and quantitative characters
(Hallauer and Miranda, 1988; Basal
and Turgut, 2003; Salgotra et al.,
2009).

GCA and SCA are analyzed by
using the Griffing (1956) method. The
Hayman (1954 a, b) method is used to
study gene action, genetic
components, and the heritability of
evaluated characters. The analyses of
Griffing and Hayman provide rapid and
general evidence for the genetic
control of the tested parents and
crosses in early generations. Likewise,
the regression graph of covariance
(Wr) and variance (Vr) of arrays
provided by the Hayman method
provides valuable information for
cotton breeders given that the Wr-Vr
graph displays the average degree of
the dominance of genes affecting the
evaluated characters and the
distribution of dominant and recessive
alleles in the investigated parents
(Jana, 1975; Syukur et al., 2010).

The aims of this study were to
estimate GCA and SCA in a half-diallel
cross comprising six Egyptian cotton
cultivars and their 15 F; hybrids and
to determine genetic variance
components and heritability for
earliness, yield traits, and fiber quality
traits. This study is an attempt to
provide useful information for cotton
breeding programs and to produce
cotton crosses with diverse genetic
backgrounds for enhancing cotton
yield and fiber characteristics.
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MATERIAL AND METHODS

Breeding materials and field

experiments

The breeding materials used in this
study were six diverse high-yielding

and long staple G. barbadense
genotypes, including two Egyptian
commercial cultivars, two advanced
lines in a cotton breeding program (in
Fi0), and two exotic genotypes
(American and Australian). The
materials are described in Table 1. The
seeds of these genotypes were

obtained from the Cotton Breeding
Section, Cotton Research Institute,
Agriculture Research Center, Egypt. In
the first season of 2016 (April 4), the
six genotypes were grown in the
Experimental Farm of Sids Research
Station, Beni-Suef, Egypt (29° 04’ N,
31° 05’ E). The parents were crossed
in all possible combinations in
accordance with the 6 x 6 half-diallel
mating system to produce 15 F;
hybrids. In the second season of 2017
(April 5), the derived hybrids and their
parents were sown in randomized
complete blocks with three
replications. Twenty-one entries were
sown in single plots that included two
ridges 4 m long with 80 cm spaces
between ridges and 60 cm between
hills. The hills were thinned at the
seedling stage to retain one plant per

hill and five plants per ridge. All
recommended agronomic practices
and inputs for cotton production,
including hoeing; irrigation;
phosphate, potassium, and nitrogen
fertilizer  application; and pest,
disease, and weed control were
performed uniformly to minimize

environmental variability.
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Table 1. Name, pedigree, and origin of the six cotton varieties used as parents in

this study.
Codes Genotype Pedigree Origin Description
P1 Giza-90 Giza-83 x Dendra Egypt High-yielding, long staple, and high lint%
P2 Giza-95 (Giza-83 x [Giza-75 Egypt High-yielding, long staple, high lint%,
x 5844] x Giza-80) and early maturity
P3 Australian Unknown Australia Exotic short plant, long staple, medium
lint%, and early maturity
P4 C.B58 Unknown USA Medium long staple, high lint%, and
early maturity
P5 PL10O Giza-90 x C.B58 Egypt High-yielding, long staple, high lint%,
and early maturity
P6 PC10 ([G83 x Giza-80] Egypt Promising hybrid, high-yielding, long
x Giza-89) x staple, high lint%, and early maturity
Australian

Studied traits
A. FEarliness characters

The number of nodes to the first
sympodial (fruiting) branch (NFSB)
and days to first flower unfolding
(DFFU) were counted from the sowing
date. Days to the first opened boll
(DFOB) were counted from the sowing
date.

B. Yield and its component traits

The number of opened bolls/plant
(NOB/P) was averaged at 150 days
after sowing from 10 plants of each
plot. Boll weight/plant (BW/P, g) was
measured as the average of 10 bolls
from each plot. Seed vyield/plant
(SCY/P, g) was measured as the
average of the harvested lint plus the
seed from 10 plants of each plot. Lint
yield (LCY/P, g) was measured as the
average of lint obtained from 10
plants of each plot, and 100-seed
weight (100-SW, g) was measured as
the weight of 100 seeds that were
taken randomly from each plot. Lint
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percentage (L%) and lint index (LI)
were calculated in accordance with the
following equations:

Lintyield (LCY /F)
Seed yield (SCY/P)

L% = X 100

__ Lint percentage (L%)x100 seed weight (100-5W)
- 100—-Lint percentage (L%)

LI X 100

C. Fiber quality parameters

Fiber properties were recorded in the
laboratories of Cotton Technology
Research Division, Cotton Research
Institute, Agriculture Research Center,
Egypt, in accordance with the
standard method of the American
Society for Testing Materials
Designation (American Society for
Testing Materials, 1998) at 21 °C £ 1
°C and 65% %= 2% relative humidity.
Micronaire reading (MR) was
used to express fiber fineness. Fiber
strength (FS) was measured by using
a Pressley instrument at zero gauge
(g/tex). Fiber strength is closely
related to yarn and fabric strength and
spinning efficiency. Fiber length at



2.5% (FL, mm) was estimated as the
space in mm spanned by 2.5% of the
fibers as recorded on a digital
fibrograph. Uniformity ratio (UR%)
was calculated in accordance with the
following equation:

50% span length

% =
UR% 2.5% span length

X 100

Statistical analysis

Analysis of variance was performed in
accordance with Steel and Torrie
(1980). Least significant difference
(LSD) was calculated by using R
statistical software version 3.6.1.
Genetic analyses involved the Griffing
(1956) method 2, model 1, as outlined
by Singh and Chaudhary (1985).
Additionally, the approach of Hayman
(1954a,b) was used to estimate the
genetic components of variation for
additive and dominance variances.
The same approach has been
characterized by Mather and Jinks
(1982). Hierarchical cluster and
principal component analyses were
applied with R statistical software,
library factoextra (Kassambara and
Mundt, 2017).

RESULTS AND DISCUSSION
Analysis of variance

The analysis of variance for evaluated
traits, namely, earliness characters,
yield and its related traits, and fiber
quality parameters is shown in Table
2. The investigated genotypes
exhibited highly significant differences
in all studied traits. Furthermore,
dividing the genotypic variance into
parents, crosses, and parent vs.
crosses revealed that the variance due
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to parents, as well as crosses, were
highly significant for all investigated
traits. Significant differences were
observed among parents and their F;
crosses for most studied traits. The
obtained results indicated the
presence of genetic variability in the
used parental genotypes. In addition,
the traits followed different patterns in
each genotype. Therefore, these
parents and their crosses could be
exploited further in cotton breeding
programs for improving earliness
characters, yield and its contributing
traits, and fiber quality parameters.

Similarly, significant variance has
been previously reported between
cotton parents and their crosses

(Khalifa et al., 2016; Nazmey et al.,
2018; Taha et al., 2018; Chaudhary et
al., 2019; El-Aref et al., 2019).

The variance due to GCA and
SCA was estimated and presented in
Table 2. The variance of GCA and SCA
was highly significant for all evaluated
traits, indicating that additive and
nonadditive gene actions contributed
significantly to the inheritance of the
studied traits and the selection of
transgressive genotypes through
cotton breeding programs. However,
for most traits, the variance due to
SCA was greater than that due to GCA
and the ratio of GCA/SCA was less
than 1, indicating the importance of

nonadditive gene action in the
inheritance of these traits.
Accordingly, selection should be

postponed to advanced generations
because selection in early generations
could be useless. The significance of
additive and nonadditive gene action
with more pronounced nonadditive
effect in the heredity of cotton traits
has been reported previously by
numerous authors (Karademir and
Gencer, 2010; Amein et al., 2013;
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Table 2. Mean squares of evaluated traits, namely, earliness traits, fiber quality, and yield and its contributing
traits for the six cotton genotypes and their 15 F; crosses.

Yield and its contributing traits

Source of variation d.f.

NOB/P BW/P SCY/P LCY/P L% 100-SW LI
Replications 2 1.44 N8 0.01M 0.10M 0.11M 0.02M 0.05M 0.04N°
Genotypes 20 24.42™ 0.117 310.457 71.67"" 1.98™ 1.49™ 0.77"
Parents (P) 5 23.14™ 0.15™ 183.35™ 61.98" 3.46"™ 1.13" 0.82"
Crosses (C) 14 26.61"" 0.06™ 276.13"™ 52.11" 0.95™ 1.637 0.81""
Pvs.C 1 0.22" 0.58"" 1426.36"" 394.04"" 9.04™ 1.28™ 0.01MNs
GCA 5 29.38™ 0.13™ 165.87"" 38.78" 2.48" 0.36™ 0.36™
SCA 15 22.777 0.10™ 358.64"" 82.63" 1.82" 1.86" 0.91"
Error 40 0.82 0.02 0.38 0.33 0.15 0.06 0.04
Total 62 8.45 0.04 100.39 23.34 0.74 0.52 0.28
0® GCA / 6*SCA 0.16 0.15 0.06 0.06 0.17 0.02 0.05

L Earliness traits Fiber quality traits
Source of variation d.f. NFSB DFFU DFOB MR FS FL UR
Replications 2 0.26"S 0.06"s 0.14"s 0.02"s 0.01Ms 0.34"S 0.38NS
Genotypes 20 0.94™ 5.48"" 44,48 0.117 0.21™ 1.80" 3.23"
Parents (P) 5 0.67"" 16.90"" 47.53" 0.13™ 0.18™ 1.64™ 1.96"
Crosses (C) 14 0.68™ 1.66™ 38.52™ 0.11™ 0.24™ 1.70" 3.75"
Pvs.C 1 5.83™ 1.86™ 112.65™ 0.01Ms 0.01M 3.95" 2.32"
GCA 5 0.52™ 9.22™ 30.65" 0.09™" 0.14™ 1.67" 3.617"
SCA 15 1.08"™ 4.24" 49.09™ 0.12™ 0.24™ 1.84™ 3.10"
Error 40 0.06 0.09 0.17 0.01 0.02 0.15 0.33
Total 62 0.35 1.83 14.46 0.04 0.08 0.69 1.26
0°GCA / 6°SCA 0.06 0.28 0.08 0.09 0.07 0.11 0.15

df is degrees of freedom, NS is not significant, * is significant at P-value < 0.05 and ** is highly significant at P-value < 0.01.

NOB/P is number of opened bolls per plant, BW/P is boll weight per plant (g), SCY/P is seed yield per plant (g), LCY/P is lint yield per plant
(9), L% is lint percentage, 100-SW is 100-seed weight (g), LI is lint index, NFSB is number of nodes to first sympodial branch, DFFU is days
to first flower unfolding, DFOB is days to the first opened boll, MR is micronaire reading, FS is fiber strength (g/tex), FL is fiber length at 2.5%
(mm) and UR is uniformity ratio (%).
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Table 3. Mean performance of the evaluated 14 traits for six cotton genotypes and their 15 F; crosses.

Genotypes Yield and its contributing traits Earliness traits Fiber quality traits
NOB/P BW/P SCY/P LCY/P L% 100-SW LI NFSB DFFU DFOB MR FS FL UR

P1 50.43 2.94 148.23 57.15 38.56 9.93 6.23 6.87 64.80 120.33 4.13 10.10 31.20 85.00
P2 51.67 3.09 159.35 65.79 41.29 9.50 6.68 6.70 58.73 114.10 4.20 10.03 30.23 83.93
P3 50.25 2.82 141.53 56.23 39.73 10.57 6.97 6.87 61.47 113.60 4.30 10.40 31.87 83.97
P4 46.30 3.29 152.33 60.43 39.67 9.02 593 6.70 63.43 119.53 3.87 9.70 30.20 83.30
P5 49.81 3.28 163.47 67.46 41.27 10.17 7.14 7.83 63.20 116.87 4.33 10.00 31.30 85.47
P6 54.87 2.77 151.98 60.05 39.51 9.10 594 6.50 65.10 123.97 3.87 10.30 31.83 83.87
P1 x P2 51.19 3.25 166.19 69.13 41.60 10.10 7.19 6.73 62.77 115.07 4.00 9.70 32.30 83.40
P1 x P3 45.16 3.44 155.35 63.63 40.96 8.87 6.15 6.43 62.70 125.00 4.00 10.13 32.83 85.33
P1 x P4 51.03 3.16 161.38 66.41 41.15 8.63 6.04 6.73 62.23 114.23 4.00 9.90 31.23 84.37
P1 x P5 53.92 3.07 165.18 65.88 39.88 8.73 579 6.43 62.60 113.53 4.37 10.30 31.17 85.07
P1 x P6 50.50 3.29 166.08 66.60 40.10 10.57 7.07 6.77 63.37 116.43 3.90 9.83 31.97 84.33
P2 x P3 51.43 3.04 156.33 64.02 40.95 1041 7.22 6.97 62.10 120.80 3.93 9.97 31.60 83.43
P2 x P4 47.09 3.13 147.20 60.88 41.36 8.57 6.05 6.57 64.83 114.17 3.97 10.03 31.73 83.27
P2 x P5 50.23 3.19 160.36 65.43 40.81 9.53 6.58 5.73 63.47 114.53 4.40 10.23 31.07 85.63
P2 x P6 50.93 3.21 163.36 66.47 40.69 9.21 6.32 5.47 62.87 113.47 4.20 10.33 31.37 86.27
P3 x P4 47.49 3.29 156.01 61.92 39.69 9.44 6.21 6.20 63.80 117.07 4.30 10.60 31.70 86.10
P3 x P5 49.40 3.31 163.65 67.05 40.97 8.71 6.05 5.60 62.87 112.43 3.83 9.77 32.23 85.80
P3 x P6 57.53 3.13 180.07 74.76 41.52 9.34 6.64 6.13 63.60 113.17 4.03 9.97 32.00 83.70
P4 x P5 50.59 3.60 182.01 74.94 41.17 10.37 7.26 5.90 63.57 112.83 4.17 10.03 32.70 83.53

P4 x P6 52,20 3.33 173.56 70.63 40.70 10.03 6.88 5.67 64.13 112.43 4.37 9.87 31.20 83.90
P5 x P6 47.67 3.22 153.49 63.08 41.09 8.47 591 6.23 62.63 111.43 4.33 10.63 29.80 86.07

LSDo.o5 1.49 0.09 1.01 0.95 0.64 0.41 0.33 041 0.49 0.69 0.15 0.25 0.63 0.94
LSDo.01 2.00 0.12 1.35 1.27 0.86 0.55 0.44 0.56 0.66 0.92 0.20 0.34 0.85 1.26

NOB/P is number of opened bolls per plant, BW/P is boll weight per plant (g), SCY/P is seed yield per plant (g), LCY/P is lint yield per plant
(9), L% is lint percentage, 100-SW is 100-seed weight (g), LI is lint index, NFSB is humber of nodes to first sympodial branch, DFFU is days
to first flower unfold, DFOB is days to first opened boll, MR is micronaire reading, FS is fiber strength (g/tex), FL is fiber length at 2.5% (mm)
and UR is uniformity ratio (%).
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Hamoud, 2014; Khalifa et al., 2016;
Ekinci and Basbag, 2018; Taha et al.,
2018; Chaudhary et al., 2019).

Mean performance of parents and
F, crosses

The mean performances of the used
parental cotton genotypes and their
15 F; crosses for the investigated
traits are displayed in Table 3. The
parents and their hybrids exhibited
significant difference in earliness
characters, fiber quality parameters,
and vyield and its related traits.
Notably, the parents P2 and P3
exhibited the lowest values of NFSB,
DFFU, and DFOB. These traits
indicated their earliness compared
with the other parents. Furthermore,
P5 and P2 surpassed the other parents
for BW/P, SCY/P, LCY/P, L%, LI,
NFSB, MR, and UR%. Accordingly,
these genotypes could be considered
as good parents for increasing cotton
yield and its attributes in breeding
programs. By contrast, P1, P3, P4,
and P6 displayed the lowest values for
NOB/P, BW/P, SCY/P, LCY/P, LI, NFSB,
and DFOB (Table 3). Moreover, P4
exhibited the lowest value for 100-
SW, LI, MR, FS, FL, and UR%. The
performance of F; cross hybrids in all
evaluated traits was better than that
of the parents (Table 3). Particularly,
the hybrids P3 x P6, P4 x P5, P4 x
P6, and Pl1 x P2 surpassed the
parents and the other hybrids in
NOB/P, BW/P, SCY/P, LCY/P, L%, 100-
SW, LI, and FL. The hybrids P2 x P4,
P5 x P6, P1 x P3, and P3 x P4
displayed the lowest vyield and its
contributing traits. The obtained
results were in accordance with the
findings of previous studies that
demonstrated significant genetic
differences for earliness characters,
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yield and its related traits, and fiber
quality parameters (Khan and Hassan,
2011; Khalifa et al., 2016; Nazmey et
al., 2018; El-Aref et al., 2019).

Genotypic classification according
to performance

The parents and their F; crosses were
classified by using hierarchical
clustering into three groups on the
basis of earliness characters (Figure
1a). Group A included six hybrids that
presented the lowest values of NFSB,
DFFU, and DFOB. Accordingly, these
hybrids could be characterized as
early in flowering. Group B comprised
two parents and four hybrids that
displayed intermediate values and
consequently could be characterized
as intermediate in their flowering.
Group C contained four parents and
five hybrids that possessed the
highest values of earliness characters;
therefore, they could be characterized
as late in flowering. The parents and
their F; crosses were classified into
four groups (Figure 1b) in accordance
with yield and its contributing traits.
Group A included four hybrids that
presented the highest vyield traits;
therefore, these hybrids could be
considered as very high-yielding
genotypes. Group B comprised two
parents and seven hybrids that
displayed high yield values.
Accordingly, they could be considered
as high-yielding genotypes. Group C
contained one parent and four hybrids
that exhibited intermediate values of
cotton vyield and its related traits.
Finally, Group D included three
parents that presented the Ilowest
yield values. These parents could be
considered as low-yielding genotypes.
Furthermore, the evaluated parents
and their F; crosses were classified
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Figure 1. Dendrogram of phenotypic distances among 21 cotton genotypes (six
parents and 15 hybrids) based on earliness characters (a), yield-related traits (b),
and fiber quality traits (c).
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Table 4. Estimates of the general combining ability (GCA) effects of six cotton

genotypes for the investigated traits.

Yield and its contributing traits

Parents —oB,/p BW/P SCY/P LCY/P L% 100-SW LT
P1 -0.07™ -0.02N —-1.477 -1.257 -0.43" 0.04 M —-0.09Ms
P2 0.12Ns -0.04" -1.28" 0.19M 0.47" 0.05M 0.16"
P3 -0.22N  —-0.05™ -3.49™ -1.52" -0.08M 0.19° 0.10Ms
P4 -1.53" 0.10™ 0.31M -0.04"  -0.10M® -0.17" -0.14"
P5 —-0.22Ns 0.08™ 3.66" 1.917 0.28" -0.03"s 0.06 NS
P6 1.92™ -0.07"" 2.27" 0.71™ -0.14"  -0.08"  -0.09M
S.E. (gi) 0.26 0.02 0.18 0.17 0.11 0.07 0.06
Parents Earliness traits Fiber quality traits

NFSB DFFU DFOB MR FS FL UR
P1 0.23" 0.23" 1.66™ -0.04"  —0.07"® 0.17M 0.07Ns
P2 -0.02N  -0.99™ -0.68"" 0.01Ms —-0.03Ms -0.25" -0.26M
P3 0.01Ms -0.43" 0.50™" -0.02M 0.08"® 0.45™ 0.05NS
P4 -0.07 M 0.50™" -0.23N  —0.04" -0.10" -0.19M -0.52"
P5 0.07Ms 0.01Ms -1.65" 0.12™ 0.04 N -0.12M 0.64™"
P6 -0.22™" 0.67"" 0.40™ -0.03M 0.08"® -0.06"S 0.01 NS
S.E. (gi) 0.07 0.09 0.12 0.03 0.04 0.11 0.16

NS is not significant, * is significant at P-value < 0.05 and ** is highly significant at P-value < 0.01.
NOB/P is the number of opened bolls per plant, BW/P is boll weight per plant (g), SCY/P is seed yield
per plant (g), LCY/P is lint yield per plant (g), L% is lint percentage, 100-SW is 100-seed weight (g),
LI is lint index, NFSB is number of nodes to first sympodial branch, DFFU is days to first flower
unfolding, DFOB is days to the first opened boll, MR is micronaire reading, FS is fiber strength (g/tex),
FL is fiber length at 2.5% (mm) and UR is uniformity ratio (%).

into four groups (Figure 1c) in terms
of fiber quality parameters. Group A
included three parents and five
hybrids that presented the highest
values of fiber quality parameters;
therefore, these genotypes could be
considered as having very high fiber
quality. Group B comprised two
hybrids that displayed high values.
Accordingly, they could be considered
as high-quality genotypes. Group C
contained one parent and seven
hybrids that exhibited intermediate
fiber quality values. Finally, group D
included two parents and one hybrid
that presented the Ilowest quality

values. These genotypes could be
considered as low-quality ones.
Previous studies have used
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hierarchical clustering to classify
cotton genotypes in accordance with
performance (Araljo et al., 2014;
Igbal et al., 2015; Kaleri et al., 2015;
Jarwar et al., 2019).

GCA and SCA effects

The GCA effect of the investigated
parental genotypes was estimated for
the evaluated traits to distinguish the
best parents and good combiners for
producing transgressive phenotypes
(Table 4). Negative GCA effects are
desirable for earliness characters,
whereas positive effects are desirable
for yield and its related traits and for
fiber quality parameters. The obtained
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Table 5. Estimates of the specific combining ability (SCA) effects of the 15 crosses

for the studied traits.

Yield and its contributing traits

Crosses  “NoB/P  BW/P SCY/P LCY/P L% 100-SW LI
P1 x P2 0.68NS 0.12™ 8.59™ 5.057 0.95" 0.52" 0.63N°
P1 x P3 -5.02" 0.34™ -0.03M  1.26™ 0.87™ -0.85" -0.34"S
P1 x P4 2.177 -0.10"™ 2.20™ 2.56™" 1.07™ -0.73"  -0.22"
P1 x P5 3.757 -0.18" 2.65" 0.08M -0.57" -0.76" —-0.66""
P1 x P6 -1.81" 0.20" 4.94™ 2.01™ 0.06"° 1.11™ 0.76"
P2 x P3 1.06" -0.05"  0.76" 0.21MS -0.04"  0.69™ 0.47"
P2 x P4 -1.96" -0.12" -12.177 —-4.41™ 0.39Ms -0.80" -0.46"
P2 x P5 -0.13% -0.04™ -2.36" -1.81" —-0.55" 0.03M -0.13"
P2 x P6 -1.57"  0.13" 2.03™ 0.43MNS -0.25"  —-0.26M -0.25M
P3 x P4 -1.23"  0.06M -1.15" -1.66" -0.73" -0.07"  -0.24™
P3 x P5 -0.62N 0.10™ 3.14™ 1.51™ 0.17"s -0.93" -0.60""
P3 x P6 5.377 0.07" 20.95"  10.43™ 1.14™ -0.26"  0.14"s
P4 x P5 1.88™ 0.23™ 17.70"  7.93™ 0.39Ms 1.08™ 0.85N
P4 x P6 1.35" 0.11™ 10.65"  4.83"™ 0.33Ns 0.78™ 0.62""
P5 x P6 -4.48" 0.02M -12.77" —-4.68" 0.35Ns -0.91" -0.54"
S.E. (sij) 0.52 0.03 0.35 0.33 0.23 0.14 0.11
Crosses Earliness traits Fiber quality traits

NFSB DFFU DFOB MR FS FL UR
P1 x P2 0.09Ms 0.47" -1.86" —-0.09"  -0.28" 0.87" -0.98"
P1 x P3 -0.23%  —-0.16"  6.89™ -0.06"  0.04" 0.71" 0.65NS
P1 x P4  0.14" -1.56"" -3.14" -0.04"  -0.02™  -0.25" 0.25"
P1 x P5 -0.29" -0.70™" -2.43" 0.177 0.24" -0.39M  —0.21M
P1 x P6 0.33" -0.60™" -1.58" -0.15"" -0.26™" 0.36 M -0.31M
P2 x P3 0.55" 0.46" 5.03" -0.18" -0.16N"  —-0.10™ -0.92"
P2 x P4  0.22M 2.26™ -0.87" -0.12" 0.08N 0.67" —-0.52M
P2 x P5 -0.75" 1.38" 0.91™ 0.16™ 0.14Ns -0.07™  0.69"
P2 x P6 -0.73"  0.12" -2.217  0.11M™ 0.20" 0.18M 1.95"
P3 x P4 -0.17"  0.67" 0.85" 0.24™ 0.53" -0.06M 2.01™
P3 x P5 -0.91™ 0.22" -2.37"" -0.39" -0.44™ 0.40"° 0.55Ns
P3 x P6 —-0.09M 0.30M -3.69" -0.04M  -0.28" 0.11M -0.92™
P4 x P5 -0.53" -0.01™ —-1.24"™ -0.03" 0.01M™ 1.51 -1.157
P4 x P6 -0.48" -0.10™ -3.69" 0.32" —-0.20" -0.04" —-0.15M
P5 x P6 -0.05M  —1.11™ -3.277"  0.13" 0.42™ -1.52" 0.86"
S.E. (sij) 0.15 0.17 0.24 0.05 0.09 0.22 0.33

NS is not significant, * is significant at P-value < 0.05 and ** is highly significant at P-value < 0.01.

NOB/P is number of opened bolls per plant, BW/P is boll weight per plant (g), SCY/P is seed yield per
plant (g), LCY/P is lint yield per plant (g), L% is lint percentage, 100-SW is 100-seed weight (g), LI is
lint index, NFSB is the number of nodes to first sympodial branch, DFFU is days to first flower
unfolding, DFOB is days to the first opened boll, MR is micronaire reading, FS is fiber strength (g/tex),

FL is fiber length at 2.5% (mm) and UR is uniformity ratio (%).

results showed that P2 presented good
combining ability for reducing DFFU
and DFOB. Moreover, P3 could be
considered as a good combiner for
reducing DFFU, P5 for reducing DFOB,
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and P6 for reducing NFSB. In terms of
yield-contributing traits and fiber
quality, P5 displayed good combining
ability for increasing BW/P, SCY/P,
LCY/P, L%, MR, and UR%. Moreover,
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P6 was a good combiner for increasing
NOB/P, SCY/P, and LCY/P.
Accordingly, these genotypes could be
used for further developing
segregating populations in cotton
breeding programs. Furthermore, SCA
effects were estimated for identifying
the best cross combinations for further
exploitation in cotton breeding.
Significant effects were found for
several crosses in each trait, indicating
the presence of nonadditive
(dominance and epitasis) gene action
(Table 5). The crosses P1 x P4, P1 x
P5, P1 x P6, P2 x P6, P3 x P5, P3 x
P6, P4 x P6, and P5 x P6 exhibited
the highest significantly negative SCA
effects for earliness characters and
reducing NFSB, DFFU, and DFOB.
Conversely, the highest significantly
positive SCA values for cotton yield
and its contributing traits were
assigned to P3 x P6, P4 x P5, P4 x
P6, and P1 x P2. Likewise, P2 x P5,
P2 x P6, P3 x P4, P1 x P5, and P5 x
P6 exhibited the highest significantly
additive ones. Moreover, the average
degree of dominance (H1/D)Y? was
positive and higher than unity for all
evaluated traits, emphasizing the
presence of over-dominance gene
effects for these traits. The dominance
effects for these traits indicated that
selection in early generations might
not be useful and should be delayed to
advanced generations. The relative
frequency of dominant to recessive
alleles in the genotypes (F) was
positive and insignificant for most
evaluated traits. This result indicated
the presence of dominant alleles more
than that of recessive ones in the used
parents, as well as the important role
of dominant genes for the evaluated
traits (Table 6). This result
corresponded with the proportion of
dominance and recessive genes
(KD/KR) in the parents exceeding the
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positive SCA values for fiber quality
parameters. The obtained results were
in  harmony with the results of
previous studies that used GCA and
SCA to identify good combiners and
good cross combinations (Amein et
al., 2013; Hamoud, 2014; Kumar et
al., 2014; Khalifa et al., 2016; Ekinci
and Basbag, 2018; Taha et al., 2018;
Chaudhary et al., 2019).

Components of genetic variance

The components of genetic variance
for evaluated traits are shown in Table
6. The additive component (D) was
significant for all studied traits, except
for SCY/P, 100-SW, NFSB, FL, and
UR%. Furthermore, the dominance
components (H1 and H2) were
positive and significant for all
evaluated traits. In addition, the H1
value was greater than D, suggesting
that the contribution of the over-
dominance effects in the inheritance of
these traits was higher than that of

unity and that the dominant genes
were more frequent than recessive
ones for all evaluated traits. Likewise,
this result was reinforced by the
assessments of the Hy/4H; ratio,
which was lower than 0.25 for all
investigated characters, proving the
dissimilar distribution of positive and
negative alleles among the used
parents. The environmental
component (E) was not significant for

all evaluated traits, revealing the
lower importance of environmental
factors in the expression of these
traits. Narrow-sense heritability is
very important for cotton breeders
given that phenotypic selection

efficiency depends on its value. It was
assessed for studied traits and varied
from low to moderate (2.69% to
29.66%). Its low values were due to
the excess of the dominance effect.
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Table 6. Components of genetic variance for the evaluated cotton characters.

Yield and its contributing traits

Components

BWP NOB/P SCY/P LCYP L% 100-SW LI
D 0.05™ 7.43" 60.99N  20.55" 1.117 0.36"  0.26™
H, 0.12™ 30.05™ 450.85" 101.84" 2.14™ 2.55™ 1.297
H, 0.11™ 29.34™ 399.3  88.83" 1.81" 2,22 1.08™
F 0.05"® 4.05N° 83.19M  28.59M 1,207 0.65"  0.43"
h? 0.12™ -0.11%  308.17 85.07" 1.93™ 0.27"s -0.01M8
E 0.01"® 0.28"s 0.12"s 0.11™%  o0.05"  0.02" 0.01Ns
(H1/D)%? 1.58 2.01 2.72 2.23 1.39 2.67 2.22
H./4H, 0.21 0.24 0.22 0.22 0.21 0.22 0.21
KD/KR 1.99 1.31 1.67 1.91 2.28 2.04 2.18
H%/H, 1.17 -0.01 0.77 0.96 1.07 0.12 -0.01
H (n.s) 22.62 21.16 12.81 10.01 19.58 2.69 6.25
Components Earliness traits Fiber gquality traits

NFSB DFFU DFOB MR FS FL UR
D 0.20Ns 5.6 15.79" 0.04™" 0.05" 0.49"  0.55NS
H, 1.317 6.95" 73.91™  0.177 0.32" 2.427 3.89"
H, 1.01™ 4.08" 48.38""  0.13" 0.28" 1.95" 3.717
F 0.39Ns 7.59™ 33.42° 0.07" 0.07™ 0.66M  0.12"
H2 1.25" 0.38"s 24.317 -0.01M -0.01M 0.82N  0.44"
E 0.02"s 0.03"s 0.06"s 0.01™ 0.01™ o0.05™ 0.11M
(H1/D)? 2.57 1.11 2.16 2.09 2.45 2.22 2.67
H,/4H, 0.19 0.15 0.16 0.19 0.22 0.20 0.24
KD/KR 2.23 4.11 2.91 2.35 1.75 1.87 1.08
h%/H, 1.23 0.09 0.50 -0.01 -0.01 0.42 0.12
h (n.s) 17.18 29.66 24.53 17.29 10.87 21.43 22.78

NS is not significant, * is significant at P-value < 0.05 and ** is highly significant at P-value < 0.01.
NOB/P is the number of opened bolls per plant, BW/P is boll weight per plant (g), SCY/P is seed yield
per plant (g), LCY/P is lint yield per plant (g), L% is lint percentage, 100-SW is 100-seed weight (g),
LI is lint index, NFSB is the number of nodes to the first sympodial branch, DFFU is days to the first
flower unfolding, DFOB is days to the first opened boll, MR is micronaire reading, FS is fiber strength
(g/tex), FL is fiber length at 2.5% (mm) and UR is uniformity ratio (%).

Various researchers have analyzed
genetic components for cotton traits
and demonstrated the significance of
additive and nonadditive components
in the heredity of evaluated traits with
increased incidence for dominance
genetic effects (Aguado et al., 2008;
Ali and Awan, 2009; Mohamed et al.,
2009; Khan and Hassan, 2011).
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Wr-Vr graph

Wr-Vr regression graphs  were
estimated for further elucidating the
genetic nature of parental variation.
The graphs for earliness characters,
yield and its related traits, and fiber
quality parameters are presented in
Figures 2 to 4. The regression line
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Figure 2. Wr-Vr graphs for cotton yield and its contributing traits in parental

cotton genotypes.

passed below the origin in all studied
traits, except for 100-SW, LI, MR, FL,
and UR%. For these traits, the line
passed above the origin, whereas for
FS, the lines passed through the
origin. This pattern revealed the
presence of complete dominance gene
effects in the inheritance of FS, partial
dominance for 100-SW, LI, MR, FL,
and UR%, and over-dominance for the
remaining traits. The distribution of
parents along the regression line
revealed that P2 possessed the
maximum number of dominant alleles
for cotton yield and its contributing
traits (Figure 2). Otherwise, P3 carried
the maximum number of recessive
alleles for NOB/P and LCY/P; P6 for
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BW/P; P4 for SCY/P; P5 for LI; and P1
for 100-SW. Similarly, P1 carried
dominant alleles for NFSB, whereas P5
carried dominant alleles for DFFU and
DFOB (Figure 3). P5 carried the
maximum number of recessive alleles
for NFSB, P2 for DFFU, and P3 for
DFOB. Furthermore, P1 possessed the
maximum number of dominant alleles
for MR, FS, and UR%, whereas P3 had
the maximum number of dominant
alleles for FL (Figure 3). P5 carried the
maximum number of recessive alleles
for MR and FL, P6 for FS, and P2 for
UR%. Numerous studies presented
similar  results for the Wr-=-Vr
regression graphs of cotton yield and
its contributing traits (Mohamed et al.,



Salem et al. (2020)

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

F;6

Number of nodes to first sympodial branch (NFSB)

¥ p5

0.00

Wr

-0.20 A P3
-0.25 A
-0.30 A
-0.35 A

-0.40 -

-0-050:1%.05 010 0.1 025 030 035, 040 045 050 055 060 065 0.70
-0.15 A

Vr

6.0 1
5.0 -
40 -
3.0 -
2.0 -
1.0 1 Pb\P

Wr

Days to first flower unfold (DFFU)

P2

0.0
e

-1.0 7
-2.0 1
-3.0 1
40 -

2.0

Vr

3.0 4.0 5.0

25.0 -

20.0 -

15.0 -

10.0 4

Wr

5.0 1

0.0

Days to first opened boll (DFOB)

3 ’3

0 p5e 50
5.0 -

-10.0 -

15.0

Vr

20.0 25. 30.0

P1

(8]
o

Figure 3. Wr-Vr graphs for the earliness traits of parental cotton genotypes.

2009; Nabi et al., 2010; Channa et
al., 2013; Latif et al., 2014; Shah et
al., 2014; Mahdy et al., 2018).

Interrelationship among evaluated
traits

The relationship among the tested
traits, namely, earliness characters,
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yield and its related traits, and fiber
quality parameters was estimated by
using principal components. This
interrelationship could provide useful
information for screening cotton
genotypes and breeding programs.
The biplot of principal components is
an appropriate statistical tool for
presenting the interrelationship among
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Figure 5. Biplot of cotton genotypes (parents and hybrids) and evaluated
characters; number of opened bolls per plant (NOB/P), boll weight per plant (BW/P,
g), seed yield per plant (SCY/P, g), lint yield per plant (LCY/P, g), lint percentage
(L%), 100-seed weight (100-SW, g), lint index (LI), the number of nodes to the
first sympodial branch (NFSB), days to the first flower unfolding (DFFU), days to
the first opened boll (DFOB), micronaire reading (MR), fiber strength (FS, g/tex),
fiber length at 2.5% (FL, mm) and uniformity ratio (UR,%).

evaluated traits. The first two principal
components  presented most  of
variability of approximately 87.6%
(69.13% by PC1 and 18.47% by PC2).
Consequently, they were used to
construct the biplot (Figure 5). The
traits characterized by parallel or
adjacent vectors present strong
positive relationships, whereas vectors
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that are positioned closely opposite (at
180°) exhibit highly negative
relationships. The evaluated traits
could be divided into three groups.
The first group included cotton yield
and its contributing traits (NOB/P,
BW/P, SCY/P, LCY/P, L%, 100-SW,
and LI) and FL. The second group
comprised earliness characters (NFSB,
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DFFU. and DFOB). Finally, the third
group contained MR, FS, and UR%.
These obtained results showed that FL
was positively associated with cotton
yield and its contributing traits.
Consequently, the high values of the
contributing traits provided additional
FL. By contrast, the earliness
characters had a negative association
with cotton yield and its contributing
traits. Previous researchers used the
biplot of principal components to
display the interrelationships among
cotton traits (Noorka et al., 2011;
Shakeel et al., 2015; Javed et al.,
2017; Jarwar et al., 2019; Rathinavel,
2019).
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