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ABSTRACT

At Sakha Agricultural Research Station, Cotton Research Institute, Agricultural Research Center,
Egypt, six cotton varieties belong to (Gossypium barbadense L.) growing seasons 2020 and 2021. The F1
hybrids and six cotton varieties Giza 96, Giza94, Giza 92(Egyptian cotton) and Australy13, Karshenky and
Pima Sy (another varieties) were growing in 2021 season in a randomized complete blocks design (RCBD)
with three replications. Obtained results showed that the mean squares of parents and crosses were highly
significant for all traits under study. The mean squares due to general combining ability (GCA) and specific
combining ability(SCA) were highly significant for all traits under study except lint percentage at specific
combining ability. The crosses Giza 96 x Karshenky, Giza94 x Australy13 and Australy13 x Karshenky were
significant desirable heterosis relative to mid and better-parent for most yield traits under study, while, the
crosses Giza 96 x Pima S7 and Giza 92 x Karshenky were significant desirable heterosis relative to mid and
better-parent for most fiber traits under study. Highest broad-sense heritability estimates was observed in case
of seed cotton yield plant® with value of 96.81% and the lowest value was for lint percentage with value of
54.26%, while, narrow-sense heritability (h?:) was ranged from 5.62% for micronare reading to 58.17% for
lint cotton yield/plant, respectively.In general, Australy 13 and Karshenky can be used in breeding programs
for improving high yielding varieties, while Giza 92 and Giza 96 can be considered as excellent parents for the
production of new varieties characterized with best fiber properties.
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INTRODUCTION

Improving cotton is of great significance for plant
breeders who need more information about the genetic
attitude of the economic traits of cotton. The main objective
of cotton breeding programs in Egypt is to increase the
yielding capacity and improve fiber properties of commercial
cotton varieties. The selection of parents and crosses either
for heterosis production or for pedigree breeding is based on
knowledge of the nature and magnitude of the genotypic
variances and their interactions with environments.

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 (Basal and
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Turgut, 2003; Salgotra et al., 2009). Chaudhary et al.,
(2019) found that the genotype NIAB-KIRN had additive
gene action for seed index and seed cotton yield and
proved to be a good combiner. While the cross PB-896 x
PB-76 showed good SCA for seed cotton yield and cotton
seed yield, revealing the importance of non-additive gene
effects for such traits. The combination of PB-896 x FH-
942 had significantly high heterosis for fiber and seed
cotton yield. Abro et al., (2021) defined the line CRIS-342
and the tester variety NIA-Noori as the better general
combiners. SCA with dominant gene effects in the cross
CRIS-342 x NIA-Noori showed the potential for
increasing the number of bolls plant?, boll weight and seed
cotton yield plant®. Gnanasekaran and Thiyagu (2021)
found that all traits had greater SCA variance than GCA
variance, indicating the predominance of dominant gene
action. Two parents were detected with high GCA for seed
cotton yield and should be exploited in developing hybrids
or recombinants. Three hybrids were identified as the best
hybrids for seed cotton yield and one hybrid for fiber
properties and recommended for heterosis breeding. AL-
Hibbiny et al., (2020) and Mokadem et al., (2020) found
highly significant and desirable heterosis relative to mid-
and better-parents for most studied traits. High estimates of
heritability in broad-sense (>50%) were detected for most
of the studied traits. Chapara et al., (2020) noticed that the
ratio of 6> GCA/c?> SCA was smaller than zero for all the
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characters indicating predominance of non-additive gene
action (dominant or epistasis) in the inheritance of
investigated traits except lint index. Said et al., (2021) and
Mabrouk et al., (2018) found that broad-sense heritability
showed high values for all the studied traits, while narrow-
sense heritability had low values for most of traits.

This study was conducted for evaluating the genetic
estimates:- heterosis, combining ability, gene action and
heritability for yield, yield components and fiber properties
among six parents and their fifteen cotton crosses resulted
from half diallel mating design. This study is an attempt to
provide useful information for cotton breeding programs
and to product cotton crosses with diverse genetic
backgrounds to enhance cotton yield and fiber traits.

MATERIALS AND METHODS

The genetic materials used in this research
included six cotton varieties belong to Gossypium
barbadense L. Three of them were Egyptian cotton
varieties; Giza 96, Giza 94 and Giza 92, while other three
foreign varieties were Australy 13 (Australian variety),
Karshenky (Russian variety) and Pima S; (American
Egyptian variety).

In the growing season of 2020, the six parents
were planted and mated in half diallel to obtain 15 F;
single crosses. The parental varieties were also self-
pollinated to obtain enough seeds for further
investigations.

In 2021 season, a randomized complete blocks
design with three replications was carried out at Sakha
Agricultural Research  Station at Kafr EI-Shiekh
Governorate to evaluate 21 genotypes (six parents and their
15 half diallel crosses). Each plot was one row 4.0 m long,
0.6 m between the rows and plant to plant spacing of 0.4 m
to insure 10 plants per row. Hills were thinned to keep a
constant stand of one plant per hill at seedlings stage.

Agricultural practices were applied as normally
recommended for ordinary cotton fields.

e The studied traits were Number of bolls plant? (NB/P),
boll weight (BW. g), seed cotton yield plant! (SCY/P. g),
lint cotton yieldplant* (LCY/P. g), lint percentage (L %),
Seed index (SI. g), Lint index (LI. g), upper half means
(UHM), micronaire reading (Mic), fiber strength (FS),
uniformity index (UI) . All fiber properties tests were
measured in the laboratories of the Cotton Technology
Research Division, Cotton Research Institute.

Statistical analysis

Data of plot means were subjected to a regular
statistical analysis of RCBD as outlined by Steel and Torrie
(1980) to test the null hypothesis of no differences between
various F1 hybrids and their parental means. Least
significant difference at 5 % level of probability (LSD at 5
%) was also used for means separation and comparison
after significance.

The GCA effects of parents and SCA effects of F;
crosses were calculated according to the method described
by Griffing (1956) based on method 2, model 1 (fixed
model) as also outlined by Singh and Chaudhary (1985).

Average heterosis for each F; cross was estimated as
the deviation of F; mean from the mid-parents, and
heterobeltosis was calculated as the deviation of F1 mean
from the better parent and expressed in percentages.

Significance of heterosis was determined using the
least significant difference value (LSD) at 0.05 and 0.01
levels of probability according to the following equation
suggested by Steel and Torrie (1980). Heritability was
estimated in both broad (h%%) and narrow (h%.%) senses
from two formulas given by Allard (1960) and Mather
(1949).

RESULTS AND DISCUSSION

o Mean squares

Results of the analysis of variance and the mean
squares of all studied traits of the six parents and their 15 F1
crosses are presented in Table 1. Results showed that the
mean squares of the genotypes, parents and crosses were
highly significant for all traits under study. The mean squares
due to parents versus crosses were significant for No. of bolls
plant?, seed cotton yield, lint cotton yield plant™, boll weight,
seed index, fiber strength and uniformity index traits.
e Combining ability analysis

The analysis of variance for combining ability
(Table 2) shows the mean squares of general combining
ability (GCA) and specific combining ability (SCA) were
highly significant for all traits under study except lint
percentage at specific combining ability (SCA) revealed
that significance of both additive and non-additive gene
action for these traits. These results are in harmony with
those reported by Abd El-Hadi et al. (2005), Khan et al.
(2011), Imran et al. (2012) Ekinci and Basbag (2015),
Mahrous (2018) and Gnanasekaran and Thiyagu (2021).

Table 1. Mean squares of analysis of variances of genotypes for yield components and fiber guality traits in cotton.

SOV df NB/P SCY/P LCY/P L% BW Sl UHM FS MIC ul
Replications 2 68.05 824.08** 137.84** 2.89 0.001 012 0.77 0.05 0.21 0.07
Genotypes 20 968.58** 9577.32**  1504.47** 451** 0.11** 0.63** 546** 091** 0.29** 3.23**
Parents (P) 5 1046.11**  9321.40**  1628.24** 6.12** 0.06** 0.87** 10.99** 049** 0.38** 7.77**
Crosses (C) 14 938.02** 9280.26**  1431.71** 421** 0.13* 042** 3.82** 0.98** 0.27** 157**
PVS.C 1 1008.72**  15015.76**  1904.18**  0.73  0.10** 2.37** 0.69 2.18**  0.09** 3.75**
Error 40 14.42 104.18 17.91 0.99 0.02 0.08 0.54 0.10 0.06 0.49

* ** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
Table 2. Mean squares of analysis of variances of combining abilities for yield components and fiber quality traits

in cotton.
SOV df NB/P SCY/P LCY/P L% BW Sl UHM FS MIC Ul
GCA 5 865.48** 8210.09** 1397.43** 250**  0.05** 0.29** 4.80** 0.60** 0.12** 2.27**
SCA 15 141.98** 1519.89** 202.84** 1.17 0.03** 0.18** 0.83** 0.21** 0.09** 0.68**
GCA/SCA - 6.10 5.40 6.89 2.14 1.67 161 5.78 2.86 1.33 3.34
Error 40 4381 34.73 5.97 0.33 0.01 0.03 0.18 0.03 0.02 0.16

*, ** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively
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e The mean performance of genotypes

The mean performances of the six parents and their
15 F; crosses of all studied traits are presented in Table 3.
The best mean performances were found for the parent
Australy 13 for No. of bolls plant?, seed cotton yield, lint
cotton yield plant? and lint percentage followed by the
parents Giza 94 for boll weight and seed index, Giza 96 for
upper half mean and uniformity index and Giza 92 for fiber
strength and microniare reading.

Results revealed that the best Fi crosses
performances were Giza 94 x Australy 13 for No. of bolls
plant®, seed cotton yield, lint cotton yield plant? and
microniare reading, Giza 94 x Pima S7 for boll weight and
seed index and Australy 13 x Karshenky for lint
percentage, while, the crosses Giza 96 x Giza 92 for upper
half mean and fiber strength and Giza 96 x Australy 13 for
uniformity index. Results showed that the parents Giza 96
and Giza 92 were the better mean performances for most

fiber traits, while, Austrealy 13 gave high value for most
yield traits under study.
¢ Combining ability effects:

Estimates of GCA effects are shown in Table 4.
The parental genotype Giza 96 gave significant and
positive (desirable) GCA effects for upper half mean and
uniformity index while significant negative (desirable)
GCA effects for microniare reading. The parent Giza 94
exhibited significant and positive (desirable) GCA effects
for boll weight, seed index and uniformity index, The
parent Giza 92 exhibited significant and positive
(desirable) GCA effects for boll weight and fiber strength,
while significant and negative (desirable) GCA effect for
microniare reading were determined for this parent. The
parents Australy 13 and Karshenky showed significant and
positive (desirable) GCA effects for No. of bolls plant?,
seed cotton yield, lint cotton yield plant® and lint
percentage. The parent Pima S; recorded significant and
positive (desirable) GCA effects for seed index.

Table 3. Mean performances of 6 parents and 15 F1’s crosses for yield components and fiber quality traits in

cotton.
Genotypes No.B/P SCY/P,g LCY/P,g L% BW,g Sl,g UHM FS MIC ul
Giza 96 32.08 105.93 38.47 3631 330 1023 3700 975 398 87.70
Giza94 42.09 144.07 56.68 3937 343 1157 3463 945 418 86.03
Giza 92 48.47 160.43 59.34 3701 331 1020 3337 1032 368 8447
Australy 13 78.98 255.03 10111 39.66 323 1023 3193 918 475 8383
Karshenky 73.44 221.73 86.39 3897 302 1033 3190 932 428 8353
Pima S7 44.40 142.17 52.73 3710 321 1077 3340 958 408 84.10
Giza 96 x Giza 94 42.13 148.93 56.57 3800 354 1110 3433 962 382 86.17
Giza 96 x Giza 92 39.66 136.37 51.60 378 344 1087 3617 1105 405 86.53
Giza 96 x Australy 13 61.90 198.70 73.74 3717 321 1117 3413 955 405 86.90
Giza 96 x Karshenky 88.26 281.90 10630 37.70 320 1093 3477 935 412 8560
Giza 96 x Pima s7 41.02 142.30 53.91 3789 347 1080 3430 10.62 4.02 8437
Giza 94 x Giza 92 42.06 148.20 58.11 3919 353 1123 3290 1002 445 8513
Giza 94 x Australy 13 95.39 314.60 11717 3725 330 1090 3370 988 352 8557
Giza 94 x Karshenky 65.35 185.87 71.15 3827 285 1047 3243 932 422 8523
Giza 94 x Pima s7 50.40 179.07 66.36 3702 357 1160 3440 1048 418 8557
Giza 92 x Australy 13 63.92 227.17 85.16 3749 355 1010 3220 1085 422 84.20
Giza 92 x Karshenky 57.08 181.57 65.49 3609 318 1120 3500 942 388 85.63
Giza 92 x Pima S7 55.96 183.07 66.27 3621 328 1120 3523 1062 372 8520
Australy 13 x Karshenky 78.62 277.13 11359 4098 353 10.83 3253 968 478 85.03
Australy 13 x pima S7 7147 235.93 89.52 3795 330 1147 3333 982 408 8517
Karshenky x pima S7 78.29 245.23 94.40 3845 313 1090 3363 9.92 405 8597
LSD at 0.05 143 3.84 1.59 0.37 0.05 0.11 028 012 009 026
0.01 191 5.14 2.13 0.50 0.06 0.15 037 016 012 0.35
Table 4. General combining ability effects of parental genotypes for yield components and fiber quality traits in
cotton.
Genotypes No. of bolls plant®  Seed cotton yield plant®  Lint cotton yield plant® Lint percentage Boll weight
Giza 96 -0.98** -31.47** -12.79** -0.51** 0.03
Giza94 -4.68** -13.37** -4.83** 0.40* 0.06**
Giza 92 -7.67** -21.82** -9.51** -0.56** 0.05*
Australy 13 14.03** 48.98** 20.01** 0.61** 0.02
Karshenky 12.18** 30.42** 12.80** 0.52** -0.16**
Pima S7 -3.88** -12.73** -5.68** -0.45* -0.004
LSD at 0.05 143 3.84 1.59 0.37 0.05
LSD at 0.01 1.91 5.14 2.13 0.50 0.06
*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
Table 4. cont.
Genotypes Seed index Upper half mean Fiber strength Microniare reading  Uniformity index
Giza 96 -0.09 1.33** 0.05 -0.09* 0.96**
Giza94 0.30** -0.01 -0.13* -0.02 0.30*
Giza 92 -0.13* 0.14 0.42** -0.13** -0.21
Australy 13 -0.14* -0.92** -0.14* 0.18** -0.35**
Karshenky -0.13* -0.62** -0.37** 0.11 -0.35**
Pima S7 0.18** 0.08 0.17** -0.06 -0.36**
LSD at 0.05 0.11 0.28 0.12 0.09 0.26
LSD at 0.01 0.15 0.37 0.16 0.12 0.35

*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
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Significant and favorable specific combining ability
(SCA) effects were shown by some crosses for yield and
fiber quality traits (Table 5). The results indicated that
specific combining ability (SCA) effects of No. of bolls
plant® were significant and positive (desirable) for crosses
Giza 96 x Karshenky, Giza 94 x Australy 13, Giza 92 x
Australy 13, Giza 92 x Pima Sz.and Karshenky xPima S.
SCA effects of crosses Giza 96 x Karshenky, Giza 94 x
Australy 13, Giza 94 x Pima Sy Giza 92 x Australy 13,
Giza 92 x Pima S; and Karshenky x Pima S; were
significant and positive (desirable) for seed cotton yield
plant™. SCA effects of crosses Giza 96 x Karshenky, Giza
94 x Australy 13, Giza 94 x Pima Sy, Giza 92 x Australy
13, Giza 92 x Pima S;, Australy 13 x Karshenky and
Karshenky x Pima S; were significant and positive
(desirable) for lint cotton yield plant. SCA effects for four
crosses i.e. Giza 96 x Giza 92, Giza 96 x Pima Sy, Giza 94
x Giza 92 and Australy 13 x Karshenky were significant
and positive (desirable) for lint percentage %. SCA effects
of crosses Giza 96 x Giza 94, Giza 96 x Pima S;, Giza 94
x Giza 92, Giza 94 xPima Sy and Australy 13 x Karshenky
were significant and positive (desirable) for boll weight.

SCA effects of crosses Giza 96 x Giza 92, Giza 96 x
Australy 13, Giza 96 x Karshenky, Giza 94 x Giza 92 ,
Giza 94 x Pima S;, Giza 92 x Karshenky Giza 92 x Pima
Sz, Australy 13 x Karshenky and Australy 13 x Pima S;
were significant and positive (desirable) for seed index.
SCA effects of Giza 96 x Giza 92, Giza 94 x Australy 13,
Giza 94 x Pima S;, Giza 92 x Australy 13, Giza 92 x
Karshenky and Giza 92 x Pima S; were significant and
positive (desirable) for upper half mean. SCA effects of
crosses Giza 96 x Giza 92, Giza 96 x Pima S7, Giza 94 x
Australy 13, Giza 94 x Pima S7, Giza 92 x Australy 13
and Australy 13 x Karshenky were significant and positive
(desirable) for fiber strength, respectively. SCA effects of
crosses i.e. Giza 96 x Giza 94 , Giza 96 x Australy 13,
Giza 94 x Australy 13, Giza 92 x Australy 13, Giza 92 x
Karshenky, Giza 92 x Pima Sy and Australy 13 x Pima Sy
were significant and negative (desirable) for micronaire
reading character. SCA effects of crosses i.e. Giza 96 x
Giza 92, Giza 96 x Australy 13, Giza 92 x Karshenky,
Giza 92 x Pima Sy, Australy 13 xPima S; and Karshenky x
Pima S; were significant and positive (desirable) for
uniformity index character.

Table 5. Specific combining ability effects of each cross for yield components and fiber quality traits in cotton.

Genotypes No. of bolls plantT Seed cotton yield plant™ Lint cotton yield plant? Lint percentage  Boll weight
Giza 96 x Giza 94 -2.77* -2.20 -0.30 0.21 0.14**
Giza 96 x Giza 92 -2.25* -6.32 -0.59 1.02** 0.04
Giza 96 x Australy 13 -1.72 -14.78** -7.96** -0.83 -0.16**
Giza 96 x Karshenky 26.49** 86.97** 31.81** -0.21 0.01
Giza 96 x Pima s7 -4.69** -9.47%* -2.10 0.95** 0.13**
Giza 94 x Giza 92 -5.16** -12.58** -2.04 1.45%* 0.11**
Giza 94 x Australy 13 26.47** 83.03** 27.52%* -1.66** -0.09*
Giza 94 x Karshenky -1.73 -27.15** -11.29** -0.54 -0.36**
Giza 94 x Pima s7 -0.60 9.20** 2.39* -0.83** 0.20**
Giza 92 x Australy 13 26.47** 83.03** 27.52** -1.66** -0.09*
Giza 92 x Karshenky -7.01** -23.00** -12.27** -1.77** -0.02
Giza 92 x Pima S7 7.94** 21.65** 6.97** -0.69* -0.08*
Awustraly 13 x Karshenky -7.16** 177 6.31** 1.95%* 0.36**
Australy 13 x pima S7 1.75 3.72 0.72 -0.11 -0.03
Karshenky x pima S7 10.42** 31.57** 12.81** 0.49 -0.02
LSD at 0.05 222 5.95 247 0.58 0.07
LSD at 0.01 2.96 7.97 3.30 0.78 0.10
*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

Table 5. cont.

Genotypes Seed index  Upper half mean  Fiber strength  Microniare reading  Uniformity index
Giza 96 x Giza 94 0.03 -0.85** -0.20* -0.18** -0.42*
Giza 96 x Giza 92 0.22* 0.83** 0.69** 0.16* 0.46*
Giza 96 x Australy 13 0.53** -0.15 -0.26** -0.15* 0.96**
Giza 96 x Karshenky 0.29** 0.19 -0.23* -0.01 -0.34
Giza 96 x Pima s7 -0.16 -0.97** 0.50** 0.06 -1.56**
Giza 94 x Giza 92 0.20* -1.10** -0.16 0.50** -0.29
Giza 94 x Australy 13 -0.12 0.75** 0.26** -0.75** 0.28
Giza 94 x Karshenky -0.57** -0.81** -0.08 0.02 -0.05
Giza 94 x Pima s7 0.25** 0.46* 0.55** 0.16** 0.29
Giza 92 x Australy 13 -0.12 0.75** 0.26** -0.75** 0.28
Giza 92 x Karshenky 0.60** 1.60** -0.52** -0.20** 0.86**
Giza 92 x Pima S7 0.28** 1.15%* 0.14 -0.20** 0.44*
Awustraly 13 x Karshenky 0.24** 0.20 0.30** 0.39** 0.40
Australy 13 x pima S7 0.56** 0.30 -0.11 -0.14* 0.54*
Karshenky x pima S7 -0.02 0.30 0.22 -0.10 1.34**
LSD at 0.05 0.17 0.43 0.18 0.14 0.41
LSD at 0.01 0.23 0.57 0.24 0.18 0.55

*, ** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

Results indicated that the parents Giza 96 and Giza 92
were the better combiner for most fiber characters, while,
Awustrealy 13 and Karshenky gave the better combiner for
most yield traits under study. The crosses Giza 96
xKarshenky, Giza 94 x Pima Sz, Giza 92 x Pima S; and
Australy 13 x Karshenky were significant and positive
(desirable) for most yield traits under study, while, the crosses

Giza 96 x Giza 92, Giza 94 x Australy 13, Giza 92 x Australy
13, Giza 92 x Karshenky and Giza 92 x Pima S; were
significant (desirable) for most fiber traits. These results are in
common agreement with the results obtained by many
authors among them Abd EI- Hadi et al. (2005), Imran et al.
(2012), Simon et al. (2013), Sultan et al (2018), AL-Hibbiny
et al. (2020) and Mokadem et al. (2020).
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o Heterosis

The amounts of heterosis for all studied traits over
the mid-parent (MP) and better-parent (BP) are presented in
Tables 6 and 7. For the No. of bolls plant? character, 7 out of
15 studied crosses were found to be detect significant and
positive desirable heterosis relative to mid-parent which
ranged from 7.57% of Giza 94 x Karshenky to 68.80% of
Giza 94 x Australy 13, four crosses showed significant and
positive desirable heterosis relative to better-parent i.e. Giza
96 x Karshenky, Giza 94 x Australy 13, Giza 94 x Pima Sy
and Giza 92 x Pima Sy with value of 20.18%, 20.78%,
13.52% and 15.45%, respectively. With respect to seed
cotton yield plant?, six crosses out of 15 crosses showed
significant and positive desirable heterosis relative to mid-
parent which were ranged from 16.26% of Australy 13 x
Karshenky to 68.68% of Giza 94 x Australy 13, three
crosses showed significant and positive desirable heterosis
relative to better-parent i.e. Giza 96 x Karshenky, Giza 94 x
Australy 13 and Giza 94 x Pima Sy with value of 27.13%,
23.36% and 24.29%, respectively. For lint cotton yield plant
! the results showed that eight crosses out of 15 crosses were
significant and positive desirable heterosis relative to mid-
parent which ranged from 6.14% of Giza 92 x Australy 13
to 61.89% of Giza 94 x Australy 13, six crosses showed
significant and positive desirable heterosis relative to better-
parent which ranged from 9.27% of Karshenky x Pima S; to
23.05% of Giza 96 x Karshenky. For lint percentage the
results showed that two crosses out of 15 crosses were
significant and positive desirable heterosis relative to mid-
parent i.e. Giza 94 x Giza 92 and Australy 13 x Karshenky
with value of 2.62% and 4.22%, respectively, three crosses
out of 15 crosses were significant and positive desirable
heterosis relative to better-parent i.e. Giza 96 x Giza 92,
Giza 96 x Pima S7 and Australy 13 x Karshenky with value
of 2.27%, 2.14% and 3.31%, respectively, Regarding to boll
weight 10 crosses out of 15 crosses were found to be
significant and positive desirable heterosis relative to mid-
parent which ranged from 0.64% of Karshenky x Pima S7 to
13.01% of Australy 13 x Karshenky, eight crosses indicated
significant and positive desirable heterosis relative to better-
parent, which ranged from 2.06% of Australy 13 x Pima S7
t0 9.28% of Australy 13 x Karshenky.

The seed index trait 13 crosses out of 15 crosses
were found to be significant and positive desirable heterosis
relative to mid-parent which ranged from 1.83% of Giza 96

x Giza 94 t0 9.79% of Australy 13 x Pima S7, eight crosses
indicated significant and positive desirable heterosis relative
to better-parent, which ranged from 1.24% of Karshenky x
Pima S7 to 9.12% of Giza 96 x Australy 13. For upper half
mean the results showed that 10 cross out of 15 crosses were
significant and positive desirable heterosis relative to mid-
parent which ranged from 1.17% of Giza 94 x Australy 13
to 8.02% of Giza 92 x Karshenky, three crosses showed
significant and positive desirable heterosis relative to better-
parent i.e. Giza 92 x Karshenky, Giza 92 x Pima S7 and
Australy 13 x Karshenky with value of 4.90%, 5.49% and
1.88%, respectively. With respect to fiber strength 10 crosses
out of 15 crosses were found to be significant and positive
desirable heterosis relative to mid-parent which ranged from
1.35% of Giza 94 x Giza 92 to 12.31% of Giza 96 x Giza
92, nine crosses showed significant and positive desirable
heterosis relative to better-parent, which ranged from 2.43%
of Karshenky x Pima S7 to 9.39% of Giza 94 x Pima S7.
Regarding to micronaire reading 10 crosses out of 15 crosses
were found to be significant and negative desirable heterosis
relative to mid-parent which ranged from -1.44% of Giza 96
x Karshenky to -16.38% of Giza 96 x Australy 13, eleven
crosses showed significant and negative desirable heterosis
relative to better-parent, which ranged from -1.63% of Giza
96 x Pima S7 to -25.96% of Giza 96 x Australy 13. The
uniformity index trait seven crosses out of 15 crosses were
found to be significant and positive desirable heterosis
relative to mid-parent which ranged from 1.39% of Giza 94
x Pima S7 to 2.57% of Karshenky x Pima S7, four crosses
showed significant and positive desirable heterosis relative
to better-parent, which ranged from 1.27% of Australy 13 x
Pima S7 to 2.22% of Karshenky x Pima S7.

Results indicated that the crosses Giza 96 x
Karshenky, Giza 94 x Australy 13 and Australy 13 x
Karshenky were significant desirable heterosis relative to mid
and better-parent for yield traits under study, while, the crosses
Giza 96 x Pima S7 and Giza 92 x Karshenky were significant
desirable heterosis relative to mid and better-parent for fiber
traits under study. These results were in harmony with those
obtained by Karademir and Genger (2010), Attia (2014), Al-
Hibbiny (2015), EI- Fesheikawy et al. (2015), Sorour et al.
(2015), Salem (2016) and Said et al. (2021).

Table 6. Heterosis relative to the mid-parent (MP) for yield components and fiber quality traits in the studied

cotton hybrids.

Genotypes No. of bolls plant™ Seed cotton yield plant™ Lint cotton yield plant? Lint percentage  Boll weight
Giza 96 x Giza 94 13.62** -119.15% 18.90** 0.40 5.30**
Giza 96 x Giza 92 -2.98 -0.32 0.20 0.76 2.75%*
Giza 96 x Australy 13 22.80** 19.43* 15.40** -2.43** -3.39**
Giza 96 x Karshenky 60.43** 58.87** 55.41** -1.49* -1.92**
Giza 96 x Pima s7 -22.96** -17.06* -18.05** -0.48 6.85**
Giza 94 x Giza 92 -7.12* -2.66 0.17 2.62** 4.65**
Giza 94 x Australy 13 68.80** 68.68** 61.89** -3.71%* -0.74**
Giza 94 x Karshenky 1.57** -4.84 -6.23* -1.24 -12.37**
Giza 94 x Pima s7 -12.31** -3.04 -6.86* -3.66** 10.08**
Giza 92 x Australy 13 0.30 9.35 6.14* -2.21%* 8.55**
Giza 92 x Karshenky -14.76** -14.52 -20.40** -6.38** -0.17
Giza 92 x Pima S7 -8.74** -6.04 -11.52** -5.18** 2.71**
Australy 13 x Karshenky 3.17 16.26* 21.16** 4.22%* 13.01**
Australy 13 x pima S7 8.94** 14.36 11.79** -1.63* 4.65**
Karshenky x pima S7 32.88** 34.78** 35.72** 1.10 0.64**
LSD at 0.05 5.43 14.59 6.05 1.42 0.18
LSD at 0.01 7.26 19.52 8.09 1.90 0.24

*, ** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively
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Table 6. cont.

Genotypes Seed index Upper half mean  Fiber strength Microniare reading  Uniformity index
Giza 96 x Giza 94 1.83** -4.14%* 0.17 -6.53** -0.81
Giza 96 x Giza 92 1.87** 3.33** 12.31** 2.53** 0.54
Giza 96 x Australy 13 5.76** -0.29 -1.29** -2.41%* 1.63**
Giza 96 x Karshenky 3.99%* 2.96** -2.64** -1.44** 0.57
Giza 96 x Pima s7 2.32%* 1.76** 10.59** -3.47** -0.68
Giza 94 x Giza 92 3.22%* -3.24** 1.35%* 13.14** -0.14
Giza 94 x Australy 13 2.19** 1.17* 2.42%* -16.38** 0.93
Giza 94 x Karshenky -1.10** -1.59** -2.61*%* -0.20 0.91
Giza 94 x Pima s7 9.23** 4.10*%* 9.54%** -0.32 1.39**
Giza 92 x Australy 13 -1.14** -1.38* 11.28** 0.01 0.06
Giza 92 x Karshenky 9.21** 8.02** -1.97** -8.39** 2.01**
Giza 92 x Pima S7 7.87** 7.91%* 10.59** -11.51** 1.45%*
Australy 13 x Karshenky 5.35** 1.93** 4.68** 5.90** 1.61*%*
Australy 13 x pima S7 9.79** 2.85** 4.87** -6.61** 1.60**
Karshenky x pima S7 3.32** 3.01** 4.94** -3.19** 2.57**
LSD at 0.05 0.41 1.05 0.44 0.34 1.00
LSD at 0.01 0.55 1.40 0.59 0.45 1.34

*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

Table 7. Heterosis relative to the better-parent (BP) for yield components and fiber quality traits in the studied

cotton hybrids.
Genotypes No. of bolls plant™  Seed cotton yield plant® Lint cotton yield plant® Lint percentage Boll weight
Giza 96 x Giza 94 0.10 3.38 -0.20 -3.50** 3.40**
Giza 96 x Giza 92 -18.17** -15.00 -13.04** 2.27** 3.82%*
Giza 96 x Australy 13 -21.63** -22.09* -27.07** -6.30** -2.93**
Giza 96 x Karshenky 20.18** 27.13** 23.05** -3.27*%* -3.23**
Giza 96 x Pima s7 -7.62* 0.09 2.25 2.14** 5.15**
Giza 94 x Giza 92 -13.23** -7.63 -2.08 -0.46 2.92%*
Giza 94 x Australy 13 20.78** 23.36** 15.88** -6.09** -3.70**
Giza 94 x Karshenky -11.02** -16.18 -17.64** -2.79** -16.93**
Giza 94 x Pima s7 13.52** 24.29** 17.08** -5.99** 4.09**
Giza 92 x Australy 13 -19.07** -10.93 -15.78** -5.49** 7.24%*
Giza 92 x Karshenky -22.28** -18.11* -24.19%* -7.40%* -3.92%*
Giza 92 x Pima S7 15.45%* 1411 11.67** -2.40** -1.01%*
Awustraly 13 x Karshenky -0.45 8.67 12.34** 3.31** 9.28**
Australy 13 x pima S7 -9.51 -7.49 -11.46** -4.33%* 2.06**
Karshenky x pima S7 6.61 10.60 9.27* -1.33** -2.29%*
LSD at 0.05 6.27 16.84 6.98 1.64 0.20
LSD at 0.01 8.38 22.53 9.34 2.20 0.27
*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively
Table 7. cont.
Genotypes Seed index  Upper half mean Fiber strength Microniare reading  Uniformity index
Giza 96 x Giza 94 -4.03** -7.21** -1.37** -8.76 -1.75
Giza 96 x Giza 92 6.19** -2.25** 7.11%* 1.67 -1.33
Giza 96 x Australy 13 9.12** -7.75%* -2.05** -14.74 -0.91
Giza 96 x Karshenky 5.81** -6.04** -4.10** -3.89 -2.39
Giza 96 x Pima s7 0.31 -7.30** 8.89** -1.63 -3.80
Giza 94 x Giza 92 -2.88** -5.00** -2.91** 6.37 -1.05
Giza 94 x Australy 13 -5.76** -2.69** 4.59** -25.96 -0.54
Giza 94 x Karshenky -9.51** -6.35** -1.41%* -1.56 -0.93
Giza 94 x Pima s7 0.29 -0.67 9.39** 0.00 -0.54
Giza 92 x Australy 13 -1.30** -3.50** 5.17** -11.23 -0.32
Giza 92 x Karshenky 8.39** 4.90** -8.72*%* -9.34 1.38
Giza 92 x Pima S7 4.02** 5.49** 2.91** -8.98 0.87
Awustraly 13 x Karshenky 4.84** 1.88** 3.94** 0.70 143
Australy 13 x pima S7 6.50** -0.20 2.43** -14.04 1.27
Karshenky x pima S7 1.24** 0.70 3.48** -5.45 222
LSD at 0.05 0.48 121 0.51 0.39 1.15
LSD at 0.01 0.64 1.62 0.68 0.52 154

*,** denote Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

o Genetic parameters

Knowledge of gene action helps in terms of selecting
desirable parents to be used in the hybridization and also in
selecting suitable breeding programs for  genetic
improvement of various quantitative characters. Hence, the
nature of gene action involved in the expression of the
various quantitative characters is essential for a plant breeder
to initiate a judicious breeding program. The genetic variance
components and dominance degree ratio were calculated for
all studied traits and shown in Table 8. The results showed
that the non-additive of genetic variances were larger than the
additive genetic variance with respect to all studied traits

except, No. of bolls plant-1, seed cotton yield, lint cotton
yield plant-1 and upper half mean traits. These results
indicated that the non-additive effects play a major role in the
expression of these traits, while additive effects had a minor
role. These results are in harmony with those obtained by
Mabrouk et al. (2018), Taha et al. (2018), AL-Hibbiny et al.
(2020), Mokadem et al. (2020), Rakesh et al. (2016), Reddy
et al. (2017), Chaudhary et al. (2019), Abro et al. (2021) and
Moiana et al. (2021).
o Heritability

The results of heritability in broad- and narrow-sense
are illustrated in Table 8. Broad sense heritability (h%) values
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was high (>50% )for all the studied traits, the highest broad-
sense heritability estimates was observed in case of seed
cotton yield plant? with value of 96.81% and the lowest value
was for lint percentage with value of 54.26%, these results
indicated higher genotypic variance than environmental one
and the presence of considerable amount of genetic variance
in the studied materials that permit to practice efficient
selection for superior progenies to improve the studied traits.
On the other hand, narrow-sense heritability (h%,) was low to

moderate for most of the studied traits, which may be
ascribed to the opposite direction of additive and dominance
variances, narrow-sense heritabilities were ranged from
5.62% for micronare reading to 58.17% for lint cotton yield
plant?, respectively. The same findings were reported by
Amein et al. (2013), Sultan et al. (2018), Balcha et al. (2019),
Mokadem et al. (2020), Gnanasekaran and Thiyagu (2021)
and Moiana et al. (2021).

Table 8. Estimates of variance components of combining ability and heritabilities for yield components and fiber

quality traits in cotton.

Variance components and No.B SCY LCY L

heritability P P P9y BW ST UM FS - Mic Ul

o2GeA 90.44 836.27 149.32 0.17 0.003 0.01 0.50 0.05 0.004 0.20
G2scA 137.18 1485.16 196.88 0.84 0.026 0.15 0.65 0.17 0.07 0.51
G2GCAIGZSCA 0.66 0.56 0.76 0.20 0.12 0.07 0.77 0.29 0.06 0.39
oA 180.87 167255 298.65 0.33 0.005 0.03 0.99 0.10 0.01 0.40
%D 137.18 148516 196.88 0.84 0.026 0.15 0.65 0.17 0.07 051
h? 95.66 96.81 96.51 5426 66.96 6841 75.28 74.05 58.02 65.11
h?, 54.40 51.28 58.17 1533 1118 10.58 45.63 26.84 5.62 28.40

CONCLUSION Bagal H. and 1. Turgut (2003). Heterosis and combining

Dominance gene effects play the major role in
controlling the genetic variance for all traits studied except,
No. of bolls plant?, seed cotton yield plant?, lint cotton yield
plant® and upper half mean traits. Heterosis over mid and
better parent was significant desirable for most traits studied.
Narrow-sense heritability (h%,) was low to moderate for most
of the studied traits, which may be ascribed to the opposite
direction of additive and dominance variances.
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