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- Published: 5 August 2025 traits, except Micronair reading for the crosses and boll weight for the testers. Three crosses had the best hetero-

sis effect over both mid and better-parent (Giza 88 x 10229, Giza 96 x 10229 and Giza 96 x Suvine) for the most
studied traits. The results also revealed that the lines Giza 86 and Giza 96 were significant desirable GCA effects,
Keywords: o » while the testers Karshenky and Australy 13 had significant desirable GCA effects for most studied traits. On the
Cotton; ~ Combining  ability;  gther side, the cross combinations Giza 88 x 10229, Giza 89 x Karshenky, Giza 89 x Suvin and Giza 86 x C.B.58
Heritability; Gene action. were significant desirable SCA effects for some studied traits. Proportion contribution of lines was higher than
testers contribution and lines x tester interaction for all traits studied, except uniformity index for testers.
Non-additive of genetic parameters was larger than additive genetic variance with respect to all studied traits.
The highest broad sense heritability estimates was observed in case of seed index with values of 88.02% and the
lowest was for boll weight with value of 57.68%, while for narrow sense heritability, it was ranged from 5.26%
to 17.30% for upper half mean and lint cotton yield/plant, respectively. Generally, Giza 96 and Australy13 could
be used in breeding programs for improving high yielding varieties, while Giza 96 and Suvine could be consid-
ered as excellent parents for breeding programs to produce new varieties characterized with best fiber properties.

1. Introduction Al-Hibbiny et al. (2020) demonstrated that the mean
squares for both general and specific combining ability

Line x tester analysis is a modified form of a top were significant for all traits studied, with the exception
cross by Kempthorne (1957) for measuring the com- of micronair reading at specific combining ability. The
bining ability effects of parents and crosses and esti- parental genotypes Giza 96 and Giza 89 exhibited sig-
mating gene actions of selection criteria in crop breeding nificant and desirable GCA effects for most yield traits.
(Jain and Sastry, 2012 and Rashid et al., 2013). Additionally, Giza 96 and Suvin showed positive GCA

effects for certain fiber properties. The hybrid Giza 89 x
Pima S4, Giza 96 x Pima S6, and Giza 96 x Suvin dis-
played notable and positive SCA effects for most yield
traits. In contrast, the crosses Giza 89 x Giza 96, Giza 96
x Suvin, and Giza 89 x Suvin revealed significant SCA
effects for some fiber properties.

The ratio of general and specific combining ability
variance (6°GCA / 6*SCA) helps estimate gene action
for quantitative traits in line x tester analysis. GCA and
SCA components are mainly functions of additive and
dominance gene action, respectively.

The concept of combining ability plays a crucial role
in the design of plant breeding programs. It is particu-
larly beneficial in testing procedures where the perfor-
mance of lines in hybrid combinations needs to be
evaluated and compared. Combining ability, or produc-
tivity in crosses, refers to the capability of parent plants
or cultivars to merge effectively during hybridization so
that advantageous genes or traits are passed on to their
descendants. In quantitative genetics, two types of
combining ability are identified: general and specific.
Specific combining ability refers to the deviation in
hybrid performance from the anticipated productivity
based on the average performance of the lines involved
in the cross. Meanwhile, general combining ability is
defined as the average performance of a line across
various crosses. According to Sprague and Tatum
(1942), general combining ability arises from genes that
largely exhibit additive effects, while specific combining
ability is influenced by genes with dominance or epi-
static effects.

Dimitrova et al. (2024) found that non-additive
variance was greater than additive variance for plant
productivity and fiber length, highlighting the signifi-
cance of non-additive gene action in these traits. Con-
sequently, selecting desirable forms should be reserved
for later hybrid generations. Non-additive genetic vari-
ance also played a larger role in boll weight, while ad-
ditive gene action was more important for lint percent-
age, allowing effective selection for this trait in early
segregated generations. Line 266 emerged as a strong
general combiner for productivity per plant and fiber
length, while line 346 was notable for lint percentage and
fiber length. The Turkish cultivar Nazili 954 can en-
hance productivity through crosses, whereas the Spanish
cultivar FRH-1001 is suitable for increasing lint per-
centage and fiber length. The hybrids 191 x Nazili 954
and 266 x FRH-1001 achieved the highest productivity
per plant with high SCA effects and heterosis between
30.7-31.7%. Hybrids from Nazili 954 x 266 and 346 x
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FRH-1001 registered the highest lint percentage,
achieving a range of 42.1-42.3% with positive heterosis
of 2.4 - 9.0%. Meanwhile, hybrids from FR-H-1001 x
266 and 346 x FR-H-1001 presented the longest fiber
lengths, exhibiting heterosis of 8.4% and 5.7%, respec-
tively. The cross combination 346 X FR-H-1001 showed
tremendous promise for lint percentage and fiber length
with high mean levels for both traits, accompanied by
strong SCA effects and positive heterosis.

The main objective of this study was to evaluate
heterosis, combining ability, gene action and heritability
for yield, yield components and fiber quality properties
using Line x Tester analysis in cotton (Gossypium bar-
badense L.).

2. Materials and Methods

The present study was carried out at Sakha Agri-
cultural Research Station, Cotton Research Institute,
Agricultural Research Center, Egypt, during 2023 and
2024 seasons.

The selfed seeds of the eleven parental cotton gen-
otypes were sown in the growing season of 2023 using
line x tester mating design. Six Egyptian cotton varieties
were used as lines (females) i.e, Giza 88, Giza 89, Giza
86, Giza 80, Giza 96 and Giza 94, while, the other five
genotypes used as testers (males) 10229, C.B.58,
Karshenky, Suvin and Australy 13 to produce 30 Fy's and
the parental varieties were also selfed to increase their
seeds.

Thirty cotton crosses and eleven parents were
evaluated in a randomized complete block design with
three replications in the growing season of 2024. Each
plot consists of two rows for each genotype. Each row
was 4m long, 0.60 cm wide and 0.40 cm within hills. The
hills were thinned to one plant per hill.

Origin, pedigree where characterization of the par-
ents in Table 1.the eleven cotton varieties are presented
in Table (1).

Table 1. Origin, pedigree and category of the eleven cotton varieties used in the study.

No. Genotypes Origin Pedigree Category

P1 Giza 88 Egypt G.(77xG.45)B Extra long staple
P> Giza 89 Egypt (G.75 x R.6022) Long staple
P Giza 86 Egypt G.75xG. 81 long staple

P4 Giza 80 Egypt (G.66 xG.73) Long staple
Ps Giza 96 Egypt G.84xG70x G.51bxPima S Extra Long staple
Ps Giza 94 Egypt 10229 x G.86 Long staple
P7 10229 Australian Unknown Long staple

Ps C.B.58 American Unknown Long staple
P Karshenky Russian Unknown Long staple
Po Suvin Indian Sujata x Vincent Extra Long staple
Pu Australy 13 Australian Unknown Long staple

2.1. The studied traits were
o Seed cotton yield/plant e Lint cotton yield per

® Boll weight (BW.g)

e Lint index (LI.g)

o Fiber strength (FS).

o Uniformity index

o Lint percentage (L%)
e Seed index (SI g)

o Fiber length (FL mm)
e Micronaire reading

All fiber properties were tested at cotton technology
laborites, cotton Research Institute, Giza, Egypt.

2.12. Statistical analysis

The significance of means was determined using the
least significant difference value (L.S.D ¢0s5 and .01 lev-
els of significance), according to the equation, which
outlined by Steel and Torrie (1985). Heritability was
estimated in both broad (h?,%) and narrow (h?,%) senses
from two formulas given by Allard (1960) and Mather
(1949).

3. Results and Discussion
3.1. Analysis of variance

Results of the analysis of variance and the mean
squares of all studied traits for the eleven parents and
their 30 Fi’s crosses are presented in Table (2). The
results showed that the mean squares due to the geno-
types, parents, crosses, parents vs. crosses, lines, tester
and Line x Tester were highly significant for all studied
traits, except microniare reading for crosses and boll
weight in the testers. Hamed and Said (2021) indicated
that mean squares due to the genotypes, parents, parents
VS. crosses, crosses, lines, testers and Line x Tester were
highly significant for all studied traits, except, for boll
weight, seed index and lint index for tester and fiber
strength for Line x Tester.
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Table 2. Mean squares of line x tester analysis for yield, yield components and fiber quality properties.

S.0.V df  SCY/P LCY/P  LP% BW SI LI FL FS MIC Ul
Replications 2 9.54 0.89 0.16 0.002  0.001 0.01 2.25 0.01 0.01 0.40
Genotypes 40  527.30*%%  B0.60**  2.99%* (.12** (0.84** 0.55%*% 3.48*%*  0.25%F (.13%* 3.32%*
Parents 10 153.79*%%  15.77**  447*% 0.16** 0.85%* 0.84** 5.50*%* 0.290%* 0.11** 4.68**
Crosses 29  3404.35** 540.47** 0.25%* 0.002 2.88** 1.35%* 30.62** 0.25%* (.03  8.89**
P.vs.C 1 556.89%*  87.10%* 2.57** 0.12%* 0.77** 0.42** 1.81** 0.23** 0.14*%* 2.66**
Lines 5 2147.41%*%  346.64**  9.66** 0.49*%* 336%* 1.75%*  548**  0.77%*  0.56%* 4.49%*
Tester 4 892.63** 134.00** 4.18**  0.04  0.66** 0.33** 2.74**  (0.32%* (0.10%* 8.97**
Line x Tester 20  92.11*%* 12.83*%  0.48**  0.04** 0.14** 0.10**  0.71**  0.08** 0.05** 0.94**
Error 80 30.06 4.63 0.13 0.02 0.02 0.02 0.25 0.03 0.01 0.33

*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g) and Seed index (SI g)
where; Lint index (LL.g) , Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

3.2. The mean performance of genotypes

Mean performances for parents and their crosses are
presented in Tables (3 and 4). The lines Giza 88, Giza 89
had the highest values for uniformity index and seed
cotton yield/plant, lint cotton yield/plant and micronaire
reading, respectively. While, Giza 86 for lint percentage
and lint index, Giza 80 for boll weight and seed index,
Giza 96 for fiber length and Giza 94 for fiber strength.
On the other side, the testers Karshenky had the best
values for lint percentage, seed index, lint index, fiber

strength and micronaire reading, Suvin for uniformity
index, Australy 13 for seed cotton yield/plant, lint cotton
yield/plant, boll weight and fiber length. The results also
showed that the best mean performances were found for
the cross combinations Giza 88 x 10229 for uniformity
index, Giza 89 x 10229 for micronaire reading, Giza 86 x
C.B.58 for lint percentage, Giza 86 x Australy 13 for
fiber length, Giza 80 x 10229 for boll weight, Giza 96 x
10229 for seed index, Giza 96 x C.B.58 for seed cotton
yield/plant and lint cotton yield/plant and Giza 96 x
Karshenky for lint index and fiber strength.

Table 3. The mean performances of six parental lines, five testers for yield, yield components and fiber properties.

Genotypes SCY/P LCY/P LP % BW SI LI FL FS MIC Ul
Lines
Giza 88 84.07 32.40 38.53 3.33 10.07 6.31 33.70 1040 4.30 86.73
Giza 89 104.47 38.08 36.46 3.10 10.20 5.85 33.83 10.43 3.97 86.40
Giza 86 87.73 35.00 39.90 3.20 10.80 7.17  33.70 1047 4.23 85.93
Giza 80 85.33 32.96 38.62 3.50 1090 6.86 31.90 10.67 4.40 85.80
Giza 96 86.70 32.60 37.60 3.20 10.83 6.53 3427 10.30 447 86.00
Giza 94 76.93 31.21 40.56 3.40 10.37 7.08 32.53 10.70 4.47 86.10
Testers
10229 85.83 32.22 37.53 3.02 9.27 5.57 30.37 9.73 4.57 83.40
C.B.58 91.73 35.16 38.32 2.90 9.67 6.01 31.17 9.97 4.40 83.37
Karshenky 89.30 35.57 39.83 2.77 10.00 6.62 31.07 10.17  4.00 84.57
Suvin 89.00 33.51 37.65 2.87 9.67 5.84 31.13 10.10 4.17 85.17
Australy 13 97.10 37.87 38.99 3.03 990 6.33 31.70 9.90 4.40 83.63
LSD 0.05 8.77 3.44 0.57 0.23 0.25 0.23 0.80 0.26 0.19 0.92
LSD 0.01 11.46 4.50 0.74 0.30 0.33 0.30 1.04 0.34 0.25 1.20

Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g),
Lint index (LI. g) , Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

Table 4. The mean performances of 30 F; hybrids for yield, yield components and fiber quality properties.

F1 hybrids SCY/P _ LCY/P LP% BW SI LI FL FS MIC Ul
Giza 88 x 10229 101.83 39.07 3836 320 1030 6.41 33.67 1030 4.13 8747
Giza 88 x C.B.58 97.90 39.26  40.10 331 1020 6.83 32.57 10.00 430 86.70
Giza 88 x Karshenky 109.73 4297 39.18 3.37 990 638 3190 10.17 4.07 85.77
Giza 88 x Suvin 90.77 3578 3943 3.19 1003 6.53 32.73 10.00 4.20 87.07
Giza 88 x Australy 13 96.83 38.09 39.33 3.31 993 644 3397 9.97 4.17  84.83
Giza 89 x 10229 104.47  39.11 3744 277 1020 6.11 31.87 10.10 3.83 8443
Giza 89 x C.B.58 10527 3932 3735 279 10.07 6.00 32.07 10.23 4.03  84.47
Giza 89 x Karshenky 90.43 34.81 3849 296 1037 6.49 3347 10.53 420  85.83
Giza 89 x Suvin 96.93 36.38 37.53  2.80 9.50 571 32.00 10.60 3.87 85.77
Giza 89 x Australy 13 104.27 3937  37.77 2.8 9.60 583 3330 10.80 397 84.90
Giza 86 x 10229 101.10  39.13 38.70 2.87 1043 6.59 34.03 10.37 430 84.97
Giza 86 x C.B.58 105.63 4256 4030 291 10.60 7.16 34.00 10.50 4.33  85.83
Giza 86 x Karshenky 108.30  43.50 40.17 3.03 10.50 7.05 33.57 10.50 4.27 8543
Giza 86 x Suvin 90.47 36.36  40.20  2.90 9.77 657 33.63 10.17 430 86.73
Giza 86 x Australy 13 111.07 4454 40.11 331 1030 6.90 3497 1043 430 83.90
Giza 80 x 10229 92.37 34.61 3747 350 11.13  6.67 33.73 10.20 4.33  84.83
Giza 80 x C.B.58 92.10 35.18  38.20  3.19 10.67 6.59 3423 10.10 4.20 86.07
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Table 4. Continued.

Giza 80 x Karshenky 91.50 35.61 3890 3.12  10.73 6.83 34.07 1047 420 85.50
Giza 80 x Suvin 77.00 29.11 3780 320 10.60 6.44 34.07 10.10 4.07 86.93
Giza 80 x Australy 13 99.30 37.81 38.08 321 1053 648 34.00 1040 440 84.13
Giza 96 x 10229 123.13  46.13 3747 333 1140 6.83 3340 10.70 4.47 86.10
Giza 96 x C.B.58 130.13 4996 3839 3.18 1130 7.04 3323 1043 443 86.67
Giza 96 x Karshenky 125.67 4993 3973 317 11.07 730 32.83 1097 4.47 86.37
Giza 96 x Suvin 102.70 3999 3893 323 11.10 7.08 33.10 10.70 4.53  86.87
Giza 96 x Australy 13 12987 4943  38.07 322 11.20 6.88 3397 1090 487 85.20
Giza 94 x 10229 94.10 3566 3790 321 11.10 6.77 3343 10.07 437 8597
Giza 94 x C.B.58 87.00 33.48 3848 3.17 1030 6.44 34.00 10.13 4.50 86.20
Giza 94 x Karshenky 88.83 3454 38.83 323 10.80 6.86 33.63 10.57 4.13 86.17
Giza 94 x Suvin 74.13 2836 3827 3.16 10.50 6.51 33.10 10.07 4.27 87.10
Giza 94 x Australy 13 101.20  38.89 3843 330 10.77 6.72 3443 1030 4.60 85.73
LSD 0.05 7.60 2.98 0.49 0.20 022 020 0.69 0.23 0.17 0.79
LSD 0.01 9.92 3.89 0.64 0.26 028 026 0.90 0.30 0.22 1.04

Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g), Lint index
(LLg), Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

3.3. Heterosis

The genetic diversity and origin differences playing
an important key source of genetic variability, which
leading to the formation of new recombination’s. This, in
turn, results in the phenomenon of heterosis. Heterosis is
typically measured as the percentage deviation of the F;
generation’s mean performance relative to both the
mid-parent and better-parent values. It signifies the su-
periority of the F; hybrid in one or more traits compared
to its parents, contributing to enhanced adaptability. In
most cases, positive heterosis is regarded as beneficial
across studied traits, with the notable, exception of mi-
cronaire reading.

The magnitude of heterosis for all traits studied over
the mid-parents (MP) and better parent (BP) was pre-
sented in Tables (5 and 6). For seed cotton yield/plant
relative heterosis versus mid-parent, seventeen crosses
out of 30 F; crosses possessed significant and highly
significant positive heterosis which ranged from 7.93%
for Giza 80 x 10229 to 45.86% for Giza 96 x C.B.58,
while twelve crosses showed significant and positive
heterosis relative to better-parent which ranged from
9.63% for Giza 94 x 10229 to 45.02% for Giza 96 x
10229.

For lint cotton yield/plant the results of heterosis
versus mid-parent revealed that 25 crosses out of 30 F;
crosses was found to be significant and positive heterosis
which ranged from 3.31% for Giza 80 x C.B.58 to
47.48% for Giza 96 x C.B.58, while sixteen crosses
showed significant positive heterosis relative to bet-
ter-parent which ranged from 3.89% for Giza 86 x Suvin
to 42.10% for Giza 96 x C.B.58. In this respect, for lint
percentage, the results showed that thirteen crosses out
of 30 F; crosses relative heterosis versus mid-parent
were significant and positive which ranged from 0.75%
for Giza 86 x Karshenky to 4.35% for Giza 88 x C.B.58,
whereas, seven crosses showed significant positive het-
erosis relative to better-parent which ranged from 0.67%
for Giza 86 x Karshenky to 4.07% for Giza 88 x C.B.58.

Regarding to boll weight the results of heterosis
versus mid-parent revealed that nineteen crosses out of
30 F, exhibited highly significant and positive heterosis,

which ranged from 0.52% for Giza 80 x Suvin to 10.38%
for Giza 88 x Karshenky, whereas, heterosis relative to
better-parent showed that five crosses had positive and
highly significant heterosis, which ranged from 0.63%
for Giza 96 x Australy 13 to 4.17% for Giza 96 x 10229.

Concerning seed index the results of heterosis versus
mid-parent revealed that 24 of 30 crosses were exhibited
highly significant positive heterosis which ranged from
0.96% for Giza 86 x Karshenky to 13.43% for Giza 96 x
102299, whereas, heterosis versus better-parent showed
that thirteen crosses were positive and significant which
ranged from 1.32% for Giza 88 x C.B.58 to 5.23% for
Giza 96 x 10229. For lint index the results of heterosis
versus mid-parent revealed that 25 crosses out of 30 F;
crosses were found to be significant and positive heter-
osis which ranged from 0.20% for Giza 94 x Karshenky
to 14.45% for Giza 96 x Suvin, but for heterosis versus
better-parent showed that 10 out of 30 crosses were
significantly positive and the largest amount of heterosis
were found for Giza 96 x Suvin and Giza 96 x Karshenky
with amounts of 8.41% and 10.21% respectively.

Regarding to fiber length the results of heterosis
versus mid-parent revealed that 25 crosses out of 30 F;
crosses were found to be significant and positive heter-
osis which ranged from 0.98% for Giza 88 x Suvin to
8.56% for Giza 80 x C.B.58, whereas, heterosis versus
better-parent showed that 13 crosses out of 30 F; crosses
were found to be significant and positive heterosis which
ranged from 0.89% for Giza 86 x C.B.58 to 6.79% for
Giza 80 x Karshenky.

Concerning fiber strength the results of heterosis
versus mid-parent revealed that 18 of 30 crosses were
exhibited highly significant positive heterosis which
ranged from 0.33% for Giza 89 x C.B.58 to 7.92% for
Giza 96 x Australy 13, whereas, heterosis versus bet-
ter-parent showed that ten crosses were exhibited sig-
nificant positive heterosis which ranged from 0.32% for
Giza 86 x C.B.58 to 6.47% for Giza 96 x Karshenky.
Regarding to micronaire reading the results of heterosis
versus mid-parent revealed that 18 of 30 crosses were
exhibited highly significant negative direction which is a
desirable direction for the trait which ranged from
-0.39% for Giza 86 x Australy13 to -10.16% for Giza 89
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x 10229, whereas, heterosis versus better-parent showed
that eight crosses were negative and significant which
ranged from -1.52% for Giza 80 x 10229 to —4.55% for
Giza 80 x C.B.58. For uniformity index the results of
heterosis versus mid-parent revealed that 16 out of 30
crosses were exhibited significant positive heterosis
which ranged from 0.98% for Giza 94 x Karshenky to
2.82% for Giza 88 x 10229, whereas, heterosis versus
better-parent showed that Giza 86 x Suvin, Giza 80 x
Suvin, Giza 96 x Suvin and Giza 94 x Suvin were ex-
hibited significant positive heterosis with values of
0.93%, 1.32%, 1.01% and 1.16% respectively. Lingaraja

(2017) results showed that range of economic heterosis
varied from 1.58 to 32.91% of seed index, 11.15 to
31.85% of lint index, -11.06 to 3.37% of ginning outturn,
-6.32 to 8.80% of 2.5 per cent span length, -2.73 to 18.27
of fiber strength, 17.69 to 21.23 of micronaire value,
-2.08 to 1.66 of fiber uniformity and -60.38 to 48.32 of
seed cotton yield per plant. Mahrous (2018) the results of
heterosis noticed that 7 crosses had positive and highly
significant heterosis in seed and lint cotton yield /plant
and number of bolls/plant i.e., (Giza 80 x Giza 90), (G.86
x G.90), (G.86 x G.95), (G.87 x G.90), (G.90 x Aus-
tralian)), and (G. 92 x G.90).

Table 5. Heterosis relative to the mid-parent (MP) for yield, yield components and fiber quality properties.

Crosses SCY/P LCY/P LP % BW SI LI FL FS MIC Ul

Giza 88 x 10229 19.87**  20.94**  (0.85%*  (0.52%*  6.55%*  7903%k 5 10** 232%*  _677* D 82**
Giza 88 x C.B.58 11.38*%*  16.24**  435%*  6,10%*  338** 10.87** 0.41 -1.80%*%  -1.15%*  ],94%*
Giza 88 x Karshenky  26.59**  26.46** 0.01 10.38**  -1.33** -] 3]1%* _]49%k _]13** D (]** 0.14
Giza 88 x Suvin 4.89 8.57** 3.52%*% 2 80** 1.69%*  7.57%%  (98** 244**  _0,79*%* ]30**
Giza 88 x Australy 13 6.90 8.41** 1.47*%*  4,08*%*  -0.50** 190** 387** -1.81** -42]** -0.41
Giza 89 x 10229 9.79* 11.28**  1.22%* .9 78**  479%*  693**  _(73* 0.17 -10.16**  -0.55
Giza 89 x C.B.58 7.31 7.38%* -0.10 S7.00%% ] 34%* 1.23%*  _]33%k () 33%*% .3 50%%* -0.49
Giza 89 x Karshenky -6.66 -5.46%*%  0.91%*  0.91*%*  2.64%*  4,05%*% 3 13%* D 27** 5.44%* 0.41
Giza 89 x Suvin 0.21 1.65 1.20%*  _6,15%*%  -436** D234%* _]49%* 3 D5k 4 Qp%* -0.02
Giza 89 x Australy 13 3.46 3.68* 0.11 -90.46** -4 48*%*  _434%* ] .63*%*  623**  _5]18%* -0.14
Giza 86 x 10229 16.50**  16.41** -0.04 -8.02%*  399%* 3 ADFk 4%k D 4%k D DTH* 0.35
Giza 86 x C.B.58 17.72%%  21.34**%  3.04*%* -448*%* 3 58%* 8.61**  483*%* D JTH* 0.39%* 1.40%**
Giza 86 x Karshenky  22.35**  2328**  (.75*%*  1.68**  0.96**  220*%* 3.65** 1.78** 3.64%* 0.22
Giza 86 x Suvin 2.38 6.15%* 3.67*%%  -440%*%  -456**%  (0.94*%* 375k _] 3%k D 3Q** 1.38%*
Giza 86 x Australy 13 20.18** = 22.24**  1.67**  6.31** -048** 2.19*%*  6.93*% 245%*  -0.39*%* -1.04*
Giza 80 x 10229 7.93* 6.20%*%  -1.60** 7.14*%*  10.41** 736%*  835%* 0.01 -3.35%* 0.28
Giza 80 x C.B.58 4.03 3.31% -0.70**  -Q21**  373%k* D 5pkk R 5E*k D JQ** 4 55%*% ] 75%*
Giza 80 x Karshenky 4.79 3.93%%  _(0.83** _(043%* D T]** 1.42%%  821**  ().48** 0.01 0.37
Giza 80 x Suvin -11.66%*  -12.42%*% 0. 88**  (.52** 3 (Q8** 1.48%*%  8.09** .273*%*  _506%* ]70%*
Giza 80 x Australy 13 8.86* 6.77**%  -1.86** -1.63*%*  ]28*%% _]72%k 602%k ] ]3** 0.001 -0.69
Giza 96 x 10229 42.74**  42.33%*%  _()27**  6,95%*  1343%* 1293**% 3 35kk 6@k  _] []** ] 65%*
Giza 96 x C.B.58 45.86**  47.45%* 1.13 4.26%*  10.24%*%  12.34*%*% ]58%* D 96** 0.01 2.34%*
Giza 96 x Karshenky  42.80**  46.49**  2.63**  6.15%%  6.24**  10.98** 0.51 7.17%* 5.5]1%* 1.27%*
Giza 96 x Suvin 16.90%*  20.96**  347*%*  6,59%* 8.209%*  [4.45%* 1 22%* 4 90** 5.02%* 1.50%*
Giza 96 x Australy 13 41.31**  40.29**  -0.60*  3.32%* 8.04**  7.08** 2 098*%* 7 9p%* 9.77** 0.45
Giza 94 x 10229 15.63%*  12.42%* D 94%* -0.10 13.07**  7.16%*  6.31%*% -1 47**% _332%*% ] 44%*
Giza 94 x C.B.58 3.16 0.89 S2.43%% (), 74%*% D R3k* ] 49%*k 6 75%*k ] 94%*k ] 50%* 1.73%*
Giza 94 x Karshenky 6.88 3.44* -3.40%*%  4.65%*  6.06%* 0.20* 5.77*%%  1.28**%  _236%*  (.98*
Giza 94 x Suvin -10.65%*%  -12.35%% D [4%*% (. 85%*  4.83*%*  (.86*%* 3.98*%* 321**k ] ]16*%* ]1.7]**
Giza 94 x Australy 13 16.30**  12.59**  -338** 2.50%%  6.25%*  (0.28*%*  7.21%k  2.32%* 3.76%* 1.02*
LSD 0.05 7.60 2.98 0.49 0.20 0.22 0.20 0.69 0.23 0.17 0.79
LSD 0.01 9.92 3.89 0.64 0.26 0.28 0.26 0.90 0.30 0.22 1.04

*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g), Lint index
(LLg), Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

Table 6. Heterosis relative to the better-parents (BP) for yield, yield components and fiber quality properties.

Crosses SCY/P  LCY/P  LP% BW SI LI FL FS MIC Ul
Giza 88 x 10229 18.64**  20.61%** -0.46 -4.00%*  2.32%*%  ].58%* -0.10  -0.96**  -3.88%* 0.85
Giza 88 x C.B.58 6.72 11.68%*  4.07*%  -0.80%*  1.32%%  820%* -3.36%* -3.85%* 0.01 -0.04
Giza 88 x Karshenky 22.88%*  20.82%*%  -1.63**  1.00%*  -1.66%*% -3.62%¥* -534*%* 224*%*  1.67¥*  -1.11*
Giza 88 x Suvin 1.99 6.76%%  2.34%*  440%*%  -0.33%*  3.54%k  DR7*¥*  385¥*  (.80%* 0.38
Giza 88 x Australy 13 -0.27 0.58 0.87**  -0.60**  -1.32%* ].75%* 0.79 -4.17**  -3.10%*  -2.19%*
Giza 89 x 10229 0.001 2.72 -0.24  -10.75** 0.01 4.34%%  S81¥*F -3.19%*F  _336%*F  -2.28%*
Giza 89 x C.B.58 0.77 3.26 -2.54%%  -10.11%*  -1.31%*%  -0.08  -5.22%%  -1.92%*%  [.68%*%  -2.24%*
Giza 89 x Karshenky  -13.43**  -8.58%*%  -336%* -4.52%*  1.63*¥* -1.99%* -1.08*%* 0.96**  5.88** -0.66
Giza 89 x Suvin -7.21 -4.45% -0.32 -9.68**  -6.86%*  -2.45%*  542%*  1.60%*  -2.52%F  -0.73
Giza 89 x Australy 13 -0.19 3.40 -3.15%*%  -10.43**  -5.88*%*  -7.95%*%  -1.58** 3.51** 0.01 -1.74%*
Giza 86 x 10229 15.24%*%  11.78**  -3.01** -10.42** -3.40** -8.14**  0.99* -0.96** 1.57** -1.12*
Giza 86 x C.B.58 15.15%*%  21.08**  1.00**  -8.96** -1.85** -0.21**  (.89* 0.32%* 2.36%* -0.12
Giza 86 x Karshenky 21.28%*%  22.31** 0.67* -5.21%%  2.78%*  -1.72%%  -0.40 0.32%* 6.67** -0.58
Giza 86 x Suvin 1.65 3.89* 0.75%*  -938**  -9.57** -8B43** 020 -2.87*% 3.20%* 0.93*

Giza 86 x Australy 13 26.60**  17.61** 0.52 3.54%*  -4.63** -3.81**  3.76%*  -0.32% 1.57*%*  D37%*
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Table 6. Continued

Giza 80 x 10229 7.61 5.02%*  -2.98** 0.01 2.14%*%  D73**  5.775%* 4 37**  _].52%*  _].]3%*
Giza 80 x C.B.58 0.40 0.08 -1.08**  _8.76%*  -2.14** 3. 84*k* 731k 531*¥*  _4.55%* 0.31
Giza 80 x Karshenky 2.46 0.12 -2.34*%*  -10.86%* -1.53** -0.33** 6.79** -1.87** 5.00** -0.35
Giza 80 x Suvin -13.48**  -13.14** -2 11*%*  _857**F -2.75%F  _6.06%*  6.79*%* -531** -2.40%* 1.32%*
Giza 80 x Australy 13 2.27 -0.16 -2.33%%  _8.19%*k  336**  551FF  6.58%*F  -2.50%* 0.01 -1.94%*
Giza 96 x 10229 42.02%*  41.50%* -0.35 4.17*%%  5.23%*  4,62%*  _2.53** 3. 88** 0.01 0.12
Giza 96 x C.B.58 41.86*%*  42.10%* 0.17 -0.63** 4. 31**  7.85%*  -3,02%% 1.29%*  (.76** 0.78
Giza 96 x Karshenky  40.72**  40.40** -0.25 -1.04**  2.15%*%  10.21**  -4.18**  6.47** 11.67** 0.43
Giza 96 x Suvin 15.39%*%  19.33%*%  3.40%* 1.04*%*  2.46**  8.41** -3.40** 3.88*%*  §8.80** 1.01*
Giza 96 x Australy 13 33.75%*  30.54** -238**  (.63**  3.38** 544** .0.88* 5.83** 10.61** -0.93*
Giza 94 x 10229 9.63* 10.66%*  -6.57**%  -549%*  7.07** _426%* 2.77** -592%* .224**  -0.15
Giza 94 x C.B.58 -5.16 -4.77*%%  5.13%%  -6.67**  -0.64%*  -8.93**  4.51**  -530%* 2.27** 0.12
Giza 94 x Karshenky -0.52 -2.89 -4.27*%%  _5.10%*%  4.18**  -3,02%% 3. 38**F  -1.25%* 3 .33** 0.08
Giza 94 x Suvin -16.70**  -1535%%  -5.65%*  -7.06%*  1.29%*  _7.05%% ] 74*¥*% _592%*  2.40%* 1.16*
Giza 94 x Australy 13 4.22 2.70 -5.25%* . _2.04%*% 3 B6**  -5.00%%  5.84%*F 3 74%* 4 55%* -0.43
LSD 0.05 8.77 3.44 0.57 0.23 0.25 0.23 0.80 0.26 0.19 0.92
LSD 0.01 11.46 4.50 0.74 0.30 0.33 0.30 1.04 0.34 0.25 1.20

*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g), Lint index
(LLg), Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC) and Uniformity index (UI).

3.4. Combining ability

The estimates of general combining ability and
specific combining ability are presented in Table (7) and
Table (8). The results revealed that the Giza 88 was
significant and positive desirable for lint percentage, boll
weight and uniformity index and negative desirable for
micronaire reading. Giza 89 had significant and positive
desirable GCA effects for fiber strength and negative
desirable for micronaire reading. Giza 86 had significant
and positive desirable GCA effects for lint cotton
yield/plant, lint percentage, lint index and fiber length.
Giza 80 had significant and positive desirable GCA
effects for boll weight, seed index and fiber length, Giza
96 had significant and positive desirable GCA effects for
seed cotton yield/plant and lint cotton yield/plant, boll
weight, seed index, lint index, fiber strength and uni-
formity index. Giza 94 had significant and positive de-
sirable GCA effects for boll weight, seed index, fiber
length and uniformity index. In this respect, the results
of testers showed that 10229 had significant and positive
desirable GCA effects for seed index. C.B.58 had sig-
nificant and positive desirable for lint cotton yield/plant
and lint percentage. Karshenky showed significant and
positive desirable GCA effects for lint cotton yield/plant,
lint percentage, lint index and fiber strength. Suvin
showed significant and positive desirable GCA effects
for uniformity index and negative desirable for micron-
aire reading. Australy 13 had significant and positive

desirable for cotton yield/plant, lint cotton yield/plant,
fiber length and fiber strength. The results of specific
combining ability effects for crosses Giza 88 x 10229,
Giza 89 x Karshenky, Giza 89 x Suvin and Giza 86 x
C.B.58 were significant desirable SCA effects for some
studied traits. Lakho et al. (2016) found that among the
parents, NIAB-78, Haridost and CRIS-134 were best
general combiners for bolls per plant, boll weight, seed
cotton yield per plant and seed index. the cross NI-
AB-78xChandi-95 was best specific combiner for bolls
per plant and the hybrid Chandi-95xCRIS-134 proved
best specific combiner for seed cotton yield per plant,
while NIAB-78%CRIS-134 gave maximum SCA effects
for seed index. Hamed and Said (2021) The results re-
vealed that the lines Giza 86 and Giza 94 were signifi-
cant and positive desirable GCA effects for most yield
traits. Giza 93 had significant desirable GCA effects for
all fiber traits, in this respect, the results of testers
showed that Pima S4 had significant desirable for some
yield and fiber traits. However, estimates of specific
combining ability (SCA) effects for crosses Giza 86 x
Ustraly 13, Giza 90 x Pima S4, Giza 93 x Karshenky and
Giza 95 x Pima S4 were significant desirable SCA ef-
fects for most yield traits, while, the crosses Giza 90 x
Pima S4, Giza 93 x Karshenky and Giza 95 x Pima S4
were significant desirable SCA effects for most fiber
traits.

Table 7. Estimates of general combining ability effects of the parental genotypes for yield, yield components and fiber

quality properties.
Parents SCY/P LCY/P LP % BW SI LI FL FS MIC Ul
Lines

Giza 88 -1.39 0.07 0.63** 0.14**  _0.42**  _0.10** -0.47** -0.27**  _0.10** 0.57**
Giza 89 -0.53 -1.16* -0.93**  _031** _0.55%* _(0.59%** -0.89** 0.09* -0.29%* (. 72%*
Giza 86 2.51 2.25%* 1.25%* -0.13**  _(.18** 0.24** 0.61** 0.03 0.03 -0.42%*
Giza 80 -10.35**  _450*%*  _-0.56** 0.11** 0.24** -0.01 0.59%* -0.11** -0.03 -0.30*
Giza 96 21.50%** 8.12%* -0.13 0.10** 0.72%* 0.41** -0.13 0.38** 0.28** 0.44**
Giza 94 -11.75*%*  -478*%*  .0.26** 0.08* 0.20** 0.05 0.29* -0.13**  (0.10** 0.44**
LSD 0.05 2.77 1.09 0.18 0.07 0.08 0.07 0.25 0.08 0.06 0.29
LSD 0.01 3.62 1.42 0.23 0.09 0.10 0.09 0.33 0.11 0.08 0.38
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Table 7. Continued.

Testers
10229 2.03 -0.01 -0.76** 0.02 0.26** -0.05 -0.08 -0.07 -0.03 -0.17
C.B.58 2.20 1.00* 0.16* -0.04 0.03 0.06 -0.08 -0.13** 0.03 0.19
Karshenky 1.61 1.26* 0.57** 0.01 0.06 0.20** -0.19 0.17** -0.05 0.05
Suvin -12.13%*%  4.63** 0.05 -0.05 -0.25%*  -0.14** -0.33%** -0.09* -0.06* 0.95%*
Australy 13 6.20** 2.39%* -0.02 0.06 -0.11%* -0.07* 0.67** 0.11** 0.11** -1.01%**
LSD 0.05 2.53 0.99 0.16 0.07 0.07 0.07 0.23 0.08 0.06 0.26
LSD 0.01 3.31 1.30 0.21 0.09 0.09 0.09 0.30 0.10 0.07 0.35

*, ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g), Lint
index (LLg) , Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

Table 8. Estimates of specific combining ability effects of the 30 F; crosses for yield, yield components and fiber quality

properties.
Crosses SCY/P LCY/P LP% BW SI LI FL FS MIC Ul
Giza 88 x 10229 0.39 0.05 -0.17 -0.09 -0.04 -0.06  0.78%*%  (0.28*%%  -0.01 1.27**
Giza 88 x C.B.58 -3.72 -0.77  0.66** 0.07 0.10 0.25%* -0.32 0.04 0.10 0.14
Giza 88 x Karshenky 8.71 2.68%  -0.67**  0.08  -024%% -034% _088**  -0.09 -0.06  -0.65*
Giza 88 x Suvin 3.49 1.38 0.10 -0.04 0.21* 0.16* 0.09 0.00 0.09 -0.25
Giza 88 x Australy 13 -8.87**  -3.34** 0.07 -0.02 -0.03 -0.01 0.33 -0.23*  -0.12 -0.52
Giza 89 x 10229 2.16 1.33 0.49* -0.07 -0.01 0.13 -0.60*  -0.28%*%  -0.12 -0.48
Giza 89 x C.B.58 2.79 0.52 -0.52%* (.01 0.09 -0.09 -0.39 -0.09 0.02  -0.80*
Giza 89 x Karshenky  -11.45%*% -425%* 0.20 0.13 0.36%*  0.26%*%  1.11** -0.09  0.27**  0.71*
Giza 89 x Suvin 8.79%* 3 D% -0.23 0.03 -0.20*  -0.18%* -0.21 0.23* -0.05 -0.26
Giza 89 x Australy 13 -2.29 -0.82 0.07 -0.10  -0.24**  -0.13 0.09 0.24**%  -0.13  0.83*
Giza 86 x 10229 -4.25 -2.08 -0.44*  -0.15 -0.15  -0.21%* 0.07 0.04 0.03 -0.24
Giza 86 x C.B.58 0.12 0.35 0.25 -0.05  0.25%*  (.24%* 0.04 0.23* 0.00 0.27
Giza 86 x Karshenky 3.38 1.02 -0.30 0.01 0.12 -0.01 -0.29 -0.07 0.01 0.01
Giza 86 x Suvin -0.71 -0.22 0.26 -0.05  -0.31**  -0.14 -0.08 -0.14 0.06 0.41
Giza 86 x Australy 13 1.47 0.93 0.23 0.25%* 0.09 0.12 0.25 -0.07 -0.11 -0.46
Giza 80 x 10229 -0.12 0.16 0.14 0.24%* 0.14 0.12 -0.21 0.02 0.12 -0.49
Giza 80 x C.B.58 -0.56 -0.28 -0.05 -0.01 -0.09 -0.07 0.30 -0.03 -0.07 0.38
Giza 80 x Karshenky -0.56 -0.12 0.24 -0.14 -0.06 0.03 0.23 0.04 0.01 -0.04
Giza 80 x Suvin -1.32 -0.72 -0.34 0.01 0.11 -0.02 0.37 -0.07 -0.11 0.49
Giza 80 x Australy 13 2.56 0.96 0.01 -0.09 -0.09 -0.05 -0.69* 0.04 0.05 -0.35
Giza 96 x 10229 -1.20 -0.94 -0.29 0.09 -0.08 -0.14 0.17 0.03 -0.06 0.03
Giza 96 x C.B.58 5.63 1.87 -0.28 -0.01 0.06 -0.05 0.01 -0.18 -0.15 0.24
Giza 96 x Karshenky 1.76 1.58 0.64**  -0.07 -0.21* 0.07 -0.29 0.05 -0.04 0.08
Giza 96 x Suvin STA4TFE D AT 0.37 0.06 0.13 0.19* 0.12 0.05 0.04 -0.32
Giza 96 x Australy 13 1.28 -0.04 -0.44*  -0.07 0.09 -0.07 -0.01 0.05 0.20*  -0.03
Giza 94 x 10229 3.01 1.48 0.27 -0.02 0.14 0.16* -0.21 -0.09 0.02 -0.10
Giza 94 x C.B.58 -4.26 -1.70 -0.06 0.01  -0.42** -028%** 0.36 0.03 0.10 -0.22
Giza 94 x Karshenky -1.83 -0.91 -0.12 0.00 0.04 0.00 0.10 0.17 -0.19*  -0.11
Giza 94 x Suvin -2.79 -1.19 -0.16 0.01 0.05 -0.01 -0.29 -0.07 -0.04  -0.08
Giza 94 x Australy 13 5.86 2.32 0.06 0.03 0.18* 0.13 0.04 -0.03 0.11 0.51
LSD 0.05 6.20 2.43 0.40 0.16 0.18 0.16 0.57 0.19 0.17 0.65
LSD 0.01 8.10 3.18 0.52 0.21 0.23 0.21 0.74 0.24 0.22 0.85

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

where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index (SI g), Lint

index (LI.g), Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

3.5. Proportional contribution

Relative percentages of contribution of lines, testers
and lines X testers interaction are shown in Table (9). The
results showed that lines contribution was higher than
testers contribution and lines x tester interaction for all
traits studied except uniformity index for testers. How-
ever proportion contribution of lines x tester interaction
was higher than of testers for most studied traits. Similar
results were agreement with Chapara et al. (2020).

3.6. Genetic parameters

Knowledge of gene action helps in the selection of
parents for using in the hybridization programs and also
in the choice of appropriate breeding procedure for the
genetic improvement of various quantitative characters.
Hence, insight into the nature of gene action involved in
the expression of various quantitative characters is es-
sential to a plant breeder for starting a judicious breeding
program. The genetic variance component and domi-
nance degree ratio were calculated for all traits studied
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are presented in Table (10). The results indicated that the
non-additive of genetic parameters were larger than
additive genetic variance with respect to all studied
traits. These results indicated that non-additive effects
play a major role in the expression of these traits, while
additive effects had a minor role. This indicated that the
hybridization program would be effective in improve-
ment of most studied traits. The importance of
non-additive genetic variances was verified by the av-

erage degree of dominance which is more than one for all
traits. This indicated that the overdominance played an
important role of the dominance component.
AL-Hibbiny et al. (2020) indicated that the non-additive
of genetic variances were larger than the additive genetic
variance with respect to all studied traits except, lint
percentage, boll weight, fiber length and micronaire
reading traits.

Table 9. Proportional contributions of lines, testers and their interaction for yield, yield

components and fiber quality properties.

Traits Lines Testers Lines x Testers
SCY/P 66.48 22.11 11.41
LCY/P 68.62 21.22 10.16
LP % 64.68 22.39 12.94
BW 73.15 4.28 22.57
SI 75.73 11.93 12.34
LI 71.89 10.86 17.26
FL 52.06 20.80 27.14
FS 57.57 18.80 23.63
MIC 67.43 9.19 23.38
Ul 29.09 46.47 24.44

Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight
(BW.g), Seed index (SI g), Lint index (L1.g) , Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC)

and Uniformity index (Ul).

Table 10. The partitioning of the genetic variance for yield, yield components and fiber quality properties.

Genetic parameters SCY/P LCY/P LP% BW SI LI FL FS MIC Ul
GCA 10.19 1.63 0.05 0.002 0.01 0.01 0.02 0.003 0.002 0.04
SCA 20.68 2.73 0.12 0.006 0.04 0.03 0.15 0.02 0.011 0.20
c’A 20.38 3.26 0.09 0003 0.03 0.01 005 0.01 0.004 0.08
o’D 20.68 2.73 0.12 0006 0.04 0.03 0.15 0.02 0.011 0.20
(6’D./ GA)” 1.007 0915 1.154 1.414 1.154 1.01 1.73 1.41 1.66 1.58
H%, 77.43 75.42 81.84 57.68 88.02 86.10 72.76 73.75 77.60 73.11
H, 15.30 17.30 1322 722 13.63 938 526 645 647 6.16

Where; Seed cotton yield/plant (SCY/P.g), Lint cotton yield per plant (LCY/P.g), Lint percentage (L%), Boll weight (BW.g), Seed index
(SI g), Lint index (LI.g) , Fiber length (FL mm), Fiber strength (FS), Micronaire reading (MIC), and Uniformity index (UI).

3.7. Heritability

The results of heritability in broad and narrow
senses are illustrated in Table (10). The results revealed
that broad sense heritability (h*%) estimates were larger
than the corresponding values of narrow sense heritabil-
ity (h%.%) for all studied traits. The highest broad sense
heritability estimates was observed in case of seed index
with values of 88.02% and the lowest was for boll weight
with value of 57.68%, while for narrow sense heritabil-
ity, it was ranged from 5.26% to 17.30% for fiber length
and lint cotton yield/plant, respectively. Sorour et al.
(2013) found that heritability estimates in narrow sense
were low to high for all the studied traits, ranged from
32.17% for seed cotton yield to 91% for boll weight.
Hamed and Said (2021) The highest broad sense herita-
bility estimates was observed in case of UHM with
values of 88.47% and the lowest was for fiber strength
with value of 32.24%, while for narrow sense heritabil-
ity, it was ranged from 8.04% to 49.03% for boll weight
and fiber length, respectively.

4. Conclusions

Giza 96 and Australy13 could be used in breeding
programs for improving high yielding varieties, while
Giza 96 and Suvine could be considered as excellent
parents for breeding programs to produce new varieties
characterized with best fiber properties.

Conflicts of Interest: The authors declare no conflict of
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