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ABSTRACT

The aim of this investigation was to determine the combining
ability among seven Egyptian cotton varieties for earliness, yield
components and fiber quality traits. During 2013 growing season, all
possible F; crosses among these varieties were produced. In 2014
growing season, the parents and F1’s were evaluated in a field trial at
Sids Agric. Res. Station, Beni-suef Governorate for the following:
days to first flower (DFF), days to first opened boll(DFB), seed cotton
yield/plant (SCY/P), lint yield/plant (LY/P), boll weight (BW),
number of bolls/ plant (B/P), lint percentage (L%), fiber fineness (FF),
fiber strength (FS) and upper half mean (UHM). Results indicated that
the performances of most the 21 F; hybrids were better than their
corresponded parents. The mean squares of each genotypes (G),
Parents (P), Crosses (C) and (PxC) were significant or highly
significant for most studied traits. Parental varieties recorded variable
performances for studied traits.Giza 85 (P,) was superior for B/P and
for FF, Ashmouni (P,) for DFF, DFB and FS, Giza 80 (P,) for SCY/P,
LY/P and L%. Giza 86 (Ps) was the best for UHM. The parental
variety Giza 90 (P,) exhibited the best mean performance for BW.
Therefore, these parental varieties could be utilized cross breeding
program to combine most of these traits in promising genotypes. The
analysis of diallel cross indicated that, Giza 85 (P;) exhibited
promising combing ability for SCY/P, LY/P, L%, B/P and FF
.Moreover, Ashmouni (P,) was the best combiner for DFF and DFB.
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Furthermore, the results revealed that Giza 75 (P;) was the best
combiner for BW. Giza 86 (Ps) was the best for FS and UHM. Results
also showed that the cross P; x P, gave the highest SCA effects (Sij)
for SCY/P, LY/P, B/P and FF. Meanwhile, the crosses P; x Pg, P1 X P,
P; X Ps, P4 X Pg, P4 X P; and Ps x Pg were desirable for FS, UHM,
DFF, DFB, L% and BW, respectively.

The magnitudes of SCA variance were larger than those of GCA
variance, for all studied traits except L%. These indicate the
predominance of non-additive genetic variance in the inheritance of
these traits. It could be concluded that earliness, fiber properties and
yield components were mainly controlled by dominance variance. The
ratio of GCA/SCA indicated that the GCA effects were more
important than SCA effects for all studied traits, except Fiber strength.
Heritability in broad sense (h%) showed high values for all traits,
indicating the low effect of environment on studied traits. The
estimated heritability values in broad sense (h%,s%) were larger than
the heritability values in narrow sense (h%,s%) for all studied traits,
indicating the low effect of environment on these traits. The results
also cleared that the calculated values in broad sense ranged from
65.12% to 99.27% for FF and DFB, respectively. Narrow sense (h?s.
%) ranged from 7.9% for LY/P to 77.89% for L%.

Keywords: Combining ability, Gossypium barbadense, Half diallel,
Heterosis, Diallel analysis, Gene action, Egyptian cotton.

INTRODUCTION

Detection of suitable cross
combination is an important task to
upgrade the efficiency of breeding
programs. Diallel analysis has been
widely used by plant breeders and
geneticists to evaluate parents and
crosses. The knowledge of genetic
components of any breeding materials
is useful for choosing the proper
breeding procedure cotton cultivars.

Abd El-Hadi et al. (2005a) found
that, the magnitude of general
combining ability (GCA) variance was
highly significant and larger than that
of specific combining ability (SCA)
variance for fiber strength, fiber

fineness and 2.5% span length. Their
results indicated that the additive
genetic effect predominated and
played the major role in the expression
of most studied traits. They also found
that, the magnitude of GCA variance
was highly significant and larger than
that of SCA variance for number of
days to first flower. Their results
displayed that the magnitude of
additive genetic variance was larger
than  corresponding  non-additive
genetic variance for number of days to
first flower. They also found, that the
heterosis values relative to the mid and
better-parents showed significant and
negative  (desirable) values for
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earliness traits and that heterosis
relative to better-parent was highly
significant and positive for seed cotton
yield/plant, lint yield/plant, boll weight
and lint percentage. Abd El-Hadi et al.
(2005b) reported that, the best
combiner which had negative highly
significant GCA effects (useful) for
number of days to first flower trait was
the parent Suvin. They added that for
the specific combining ability effects,
the crosses (6022 x Giza 70) and
(Suvin x Pima S;) were the best
combinations for number of days to
first flower traits which have negative
and significant values.

Darweesh (2006) found that,
additive gene effects mainly controlled
all earliness traits. Kale et al. (2006)
reported that, boll weight, number of
bolls per plant and seed cotton yield
per plant displayed high heritability
values in broad sense.

Kalpande et al (2008) found that,
the estimates of GCA effects were
positive and significant for seed cotton
yield per plant and some other yield
contributing characters. Among the
cross combinations, five crosses
exhibited significant and positive SCA
effects for seed cotton yield per plant.
Karademir et al (2009) reported that,
both additive and non-additive gene
effects were responsible for the
investigated characters. Their results
indicated that fiber length and fiber
fineness were influenced by additive
gene effects, while fiber strength was
influenced by non-additive gene
effects. Khan et al. (2009) cleared that,
the SCA genetic variances were

greater than GCA for the traits, i.e.
boll weight, boll number and seed
cotton yield per plant, showing the
predominance of non-additive gene
action. Lint% was controlled by
additive type of gene action due to
maximum GCA variances. Darweesh
(2010) stated that, the wvalues of
heritability in broad sense ranged from
93.13% for seed index to 99.52% for
seed cotton yield/plant. He also found
that values of heritability in broad
sense was 89.31% for days to first
flower traits. While, the narrow sense
heritability values was 28.33% for the
same trait. Also, he recorded that, the
heterosis relative to mid-parent was
highly significant and positive for seed
cotton vyield/ plant, lint cotton
yield/plant and lint percentage. Khan
et al (2010) found that genetic
variances were almost greater than the
environmental variances for all studied
traits. Berger et al. (2012) reported that
significant GCA and specific SCA
effects were found for most fiber
quality traits of cotton. El-Fesheikawy
et al. (2012) found that, variance due
to GCA and SCA were highly
significant for all studied traits
indicating that both additive and non-
additive gene effects were play role to
inheritance of these characters. The
results also showed that the
performances of most the 10 F;
hybrids under study were as good as or
better than their both parents. They
added that, mean squares of genotypes
were significant or highly significant
for all studied traits except of fiber
fineness and fiber strength. Saleh and
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Ali (2012) cleared that, the heritability
values in broad sense (h’h%) were
larger than the corresponding values of
narrow sense heritability (h°n%) for all
studied yield and yield components
traits. They also found that the
heritability values in broad sense
(h*0%) were larger than the
corresponding values of narrow sense
heritability (h*n%) for all fiber studied
traits. Simon et al. (2013) revealed
that, GCA effects were lower than
SCA effects for seed yield and lint
yield, suggesting that inheritance of
these characters is governed mainly by
non-additive gene effects.

In recent investigation to study
the genetic behavior, heterosis and
heritability of some earliness traits,
yield and some of its components in
two intra-barbadense cotton crosses.
El- Fesheikawy et al. (2015) reported
that, both additive and dominance gene
effects are important in the inheritance
of these characters. Significant either
positive or negative heterotic effects
relative to mid-parents were found for
days to first flower (DFF), days to first
opened boll (DFB), seed cotton
yield/plant (SCY/P) and lint cotton
yield/plant (LCY/P) in the first cross
and for DFB, SCY/P and LCY/P in the
second cross. Also they added that
high to moderate heritability in broad
(H% %) sense estimates were
associated with low and medium
heritability in narrow sense (h%, %) in
most characters in both crosses. Sorour
et al. (2015) reported that additive
effects were important for the
inheritance of fiber length and fiber

fineness, while dominance effects
were important for inheritance of fiber
strength. Negative heterotic effects
relative to the mid and better parents
were found for earliness traits in the
crosses (Pima S; x C.B.58), (Suvin x
G.93), (TNB x C.B.58) and ((10229 x
G.86) x Suvin).

The present study was designed
to estimate the type of gene action
controlling the inheritance of earliness,
yield components and fiber quality
using seven parents diallel cross. The
combining ability, heritability and
heterosis estimates for these traits were
also calculated to determine those
parents or crosses which could be used
in the improvement of earliness, high
yielding and fiber quality.

MATERIALS AND METHODS
Genetic materials and Mating
design:

Seven divergent Egyptian cotton
genotypes were used in this
investigation namely; Giza 85 (Py),
Ashmouni (P,), Giza 75 (P3), Giza 80
(Py), Giza 86 (Ps), Giza 90 (Ps) and
Giza 95 (P;). These genotypes are
classified as long staple and belonged
to Gossypium barbadense L. Pure
seeds of these varieties were kindly by
Cotton Breeding Section, Cotton
Research Institute, Agriculture
Research Center at Giza, Egypt.

During 2013 growing season, the
seven parents were crossed in all
possible  combinations, excluding
reciprocals, to produce a total 21 F;
hybrids. Crossing of parents was
carried out at Sids Agric. Res. Station
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at Beni-Suef governorate. In 2014
season, the seven parents along with
their 21 Fi's (28 genotypes) were
evaluated under field conditions of
Sids Agric. Res. Station. The sowing
date was on April 2014. The
experimental design was a randomized
complete blocks (RCBD) with three
replications. Each plot included 3
ridges, each was 4 m long and 60 cm
apart. Hills were spaced at 25 cm
within rows and seedlings were later
thinned to two plants per hill. Ordinary
cultural practices of cotton production
were applied.

Data were recorded on the
following traits: days to first flower
(DFF), days to first opened boll
(DFB), seed cotton yield/plant (SCY/P
g), lint yield/ plant (LY/P g), boll
weight (BW g), number of bolls/plant
(B/P), lint percentage (L%), fiber
fineness (FF), fiber strength (FS) and
upper half mean (UHM mm). The
fiber properties were measured in the
laboratories of the Cotton Fiber
Research Section, Cotton Research
Institute according to (A.S.T.M.D-
1448-59, D-1445-60T and D-1447-
67).

Statistical analysis:

Analysis of variance:

Statistical procedures used in this
study were done according to the
analysis of variance for a randomized
complete blocks design as outlined by
Steel and Torrie (1980).

The amount of heterosis were
estimated as the percentage increase of
the overall means of the F; hybrids
over the average overall parents (M.P)
or above the better parent (B.P).
Therefore, the values of heterosis
could be estimated from the following
equations:

M.P H% = [(F1-M.P)/M.P] x 100
B.P H%= [(F:-B.P)/B.P] x 100

The significance of means and
heterosis were determined using the
least significant difference value
(L.S.D) at 0.05 and 0.01 levels of
significance, according to Steel and
Torrie (1980).

Statistical Model:

The procedures of this analysis
was described by Griffing (1956),
method 2, model 1 which outlined by
Singh and Chaudhary (1985). The
form of the analysis of combining
ability and the expectations of mean
squares are presented in Table 1.

Table 1: Form of the analysis of variance of diallel crosses mating design and

expectations of mean square.

S.0.V. d.f M.S E.M.S
GCA p-1 Mg % + 6% + (p+2) o’g
SCA p (p-1)/2 Ms  o% + 6%
Error (9-1)(r-1) Mé %

p, g and r: are number of parents, genotypes and replications, respectively.
Mé: is the error mean square divided by number of replications
Ms and Mg: are the mean squares of SCA and GCA, respectively.
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The mathematical model for the
combining ability analysis is:
Yij =p + @i + gj + Sij + €k
Where:

Yij : is the value of a cross
between parents (i) and (j)

L :is population mean.

gi, gj: are the GCA effects

Sij :isthe SCA effect

e - is the mean error effect

Using plot means the various

sums of squares are obtained as
follow:
S.S. due to GCA (Sy) = 1(P+2)
[S(Yi+Yi)* —4Y2 /P]
S.S. due to SCA (Ss) = YYY% —

1/(P+2) S +Yi)? +
2Y% [(P+1)(P+2)
Estimation of variance

components and  their  genetic
interpretations from ANOVA Table 1
could be explained as follows:
6’9 = (Mg - My)/(P+2), 6°S = Ms - Mg
and c%e= M,

In addition, the estimates of

combining ability effects were
determined using the following
equations:

I- General combining ability effects
(0i) for each line:

gi = 1/(P+2) [Z(Yi+Yi) - 2Y../P]

II- Specific combining ability effects
(Sy) for each cross:

Sij = Yij -1/ (P+2) [Y, + VY + Y.j +
ij] +2Y../ (P+1) (P+2)

To test the significance of general
as well as specific combining abilities
effects, the critical differences were
calculated as follows:

C.D.=SE.xt
Where:

S.E.: is standard error of effects and t:
is the tabulated value with the degree
of freedom of error at 5% or 1% levels
of probability.

Estimates of standard errors:

S.E. (g) = [(P-1) c%e/P (P + 2)] *

S.E (Sy) = [P (P-1) c’el(P+1) (P +
21"

RESULTS AND DISCUSSION
Mean performance:

The mean performances of the
seven parents and their 21 F;’s hybrids
were estimated for all studied traits
and the results are presented in Table
2. The results showed that Giza 80 (P,)
was the highest yielding parent for
SCY/P, LY/P and L%. The parental
variety Giza 85 (P,) exhibited the best
mean performances for B/P and fiber
fineness (F.F.), Ashmouni (P,) was the
earlier among group and also it was
the best for fiber strength (F.S.) and
the parental variety Giza 90 (Pe)
exhibited the heaver bolls. With
respect to the diallel crosses, the
means showed that there was no
specific cross, which was superior or
inferior for all studied traits. The
results showed that the cross P; x P,
gave the highest mean for SCY/P,
LY/P, B/P and FF with means of 69.93
g, 2579 g¢., 2319 and 3.7,
respectively. In the same time, the
results also revealed that the highest
mean performances were found for the
cross P4 x P; for L% (42.56%), Ps X Pg
for BW (3.43 g.). While the two
crosses P, x Pg and P, x P5; showed the
earlier ones with values of 65.6 and
days 1175 for DFF and DFB,
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respectively. Concerning UHM, the
results revealed that the cross P; x P,
gave the highest mean with value
32.77 mm. For fiber strength, three
Crosses ViZ., P1 X Pg P3 X P5 and Ps X P;
gave the same value which was the
highest mean for FS (9.9).

Mean squares:

The analysis of variance of the
seven parents and their 21 F;’s hybrids
were made for all studied traits i.e.
earliness [DFF and DFB], yield and
yield component traits [SCY/P, LY/P,
BW, B/P and L%] as well as some
fiber properties [FF, FS and UHM]
and the mean squares are presented in
Table (3). The mean squares of
genotypes (G) were significant or
highly significant for all studied traits.
Also, the parents vs. crosses mean
squares (P vs C) were highly
significant for all studied traits except
for FF. Furthermore; the results
indicated that the magnitudes of the
crosses mean squares (C) of all studied
traits were significant or highly
significant.

Combining ability analysis:

Results in Table (4) showed that
mean squares due to both general
(GCA) and specific (SCA) combining
ability were significant or highly
significant for all studied traits except
FF for SCA. Meanwhile, GCA mean
squares was larger in magnitude than
their ones of SCA for all studied traits
except for FS indicating additive gene
effects were more important in the
inheritance of these traits than those of
non-additive gene effects. In addition,
the small magnitudes of mean squares

of specific combining ability (SCA)
with respect to their corresponding
mean squares of general combining
ability (GCA) may explain the absence
or decrease of heterosis values over the
better-parent (B.P) for most of studied
traits. These results are in harmony
with  those reported by Abd
El-Hadi et al. (2005a), El-Fesheikawy
et al. (2012) and El-Kadi et al. (2013).
General (&) and specific (Sij)
combining ability effects:

The estimates of general
combining ability effects of parents are
presented in Table (5). The data
indicated that P, and Pg had highly
negative significant GCA effects for
DFF and DFB, indicating that these
parents were good combiners for these
traits. These results suggest that these
parents (P, and Pg) were good
combiners for a breeding program for
improving earliness traits. These
results are in harmony with those
reported by Abd El-Hadi et al. (2005
b) who found also that Suvin is the
best combiner. While for SCY/P, P,
and P, had highly positive significant
general combining ability effects. For
SCY/P and B/P, the data in Table (5)
showed that P, followed by P, had
positive and highly significant GCA
effects (g), indicating that these
parents were good combiners. For
LY/P, the parent P; was good
combiner. For BW, the parents Pg
followed by Ps, P; and P; were good
combiners. Also, the parents Py
followed by P, Pg, P; and Ps were
good combiners for L%. These results
suggested that P, P,, Psand P; could
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be used to improve yield and its
components. These results are in
harmony with these reported by
Kalpande et al. (2008), Imran et al.
(2012), El-Fesheikawy et al. (2012)
and El-Kadi et al. (2013). For FF, the
results showed that P; was good
combiner and could be used to
improve fiber fineness trait since they
had negative general combining ability
effects (&;). Regarding fiber strength,

Ps was good combiner because they
had positive and highly significant
general combining ability effects.
Also, Ps followed by P; were good
combiners for UHM, so we can use the
three parents i.e. P;, P; and Ps as
parents in breeding programs to
improve fiber quality traits. These
results are in harmony with those
reported by Abd El-Hadi et al. (2005b)
and El-Kadi et al. (2013).

Table 2: Mean performances of parents and 21 F; hybrids for earliness, yield

component traits and fiber quality properties.
BW

Genotypes ~ DFF DFB  SCY/P_ LY/P B/P L% FE FS UHM
Py 73.77 126.80 52.09 20.03 2.75 18.96 38.47 3.43 9.3 31.13
P, 68.37 118.03 4701 1705 272 1776 3632 447 100 28.70
Ps 7297 12587 4115 1482 3.03 13.61 36.09 4.03 9.7 31.70
P4 7450 128.00 53.88 21.79 2.89 18.65 40.43 4.27 9.8 31.00
Ps 7553 130.87 4854 1870 295 16.46 38.45 4.27 9.9 33.73
Ps 68.90 12150 5348 2095 3.09 1732 39.13 3.97 9.7 29.43
P; 73.20 12370 46.97 18.82 294 1598 40.11 4.03 9.9 29.57

P1x P, 66.33 11753 69.93 2579 3.02 2319 36.83 3.70 9.1 31.73
P1X Ps3 70.43 12453 5736 2228 296 19.40 38.92 3.93 9.8 30.47
P1X Py 71.30 126,63 50.65 20.85 3.10 16.35 4121 4.00 9.1 31.43
P1X Ps 70.90 127.00 4838 1956 3.00 16.15 4053 4.10 9.8 31.90
P1X Psg 69.83 128.07 5053 20.26 3.04 16.64 40.15 3.93 9.9 30.23
P1x P; 70.83 12830 60.57 2488 3.01 20.10 4102 4.33 8.9 32.23
PaXx P3 6597 11750 49.78 1761 3.26 1526 3531 4.13 9.5 31.67
P2X Py 66.13 11840 4892 1803 3.18 1538 36.95 4.07 9.3 30.90
P2X Ps 68.57 11887 50.58 1868 3.17 1597 36.96 4.27 9.5 32.73
P2X Ps 65.60 12343 5168 1932 3.12 1655 37.61 430 9.4 3153
P, X P7 66.27 11780 59.58 2278 3.13 19.07 38.11 4.23 9.4 3013
P3X P4 7240 12553 50.35 19.18 3.12 16.12 38.00 4.23 9.4 3277
P3X Ps 7470 12843 5145 1975 3.18 16.16 3837 4.07 9.9 32.70
P3X Ps 66.80 12407 5716 21.73 333 17.16 38.01 4.23 9.2 32.07
P3x P; 68.23 12647 4821 1898 3.23 1495 3941 433 8.9 32.17
P4X Ps 71.37 12700 47.02 1929 3.23 1458 4101 4.23 9.6 31.90
P4X Psg 69.77 12010 39.99 1657 295 1356 4161 4.03 9.6 30.57
Psx P7 71.10 12253 5199 2214 330 1577 425 4.37 9.0 31.47
PsX Ps 72.07 12610 4563 1828 3.43 1332 39.96 4.27 9.3 32.67
Psx P; 71.70 12580 38.76 1579 3.37 11.50 40.75 4.17 9.2 31.37
PsX P7 68.00 12527 47.13 19.04 3.32 1421 4042 433 9.9 29.60
LSD 5%  1.69 0.96 262 101 014 091 047 0366 0453 1.038
1%  2.26 1.28 349 135 018 121 0.63 049 0.606 1.388

Py, Py, Ps, P4, Ps, Ps and P; were; Giza 85, Ashmouni, Giza 75, Giza 80, Giza 86,

Giza 90 and Giza 95, respectively.
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The specific combining ability
effects (S;;) for all studied crosses with
respect to earliness traits viz., DFF and
were obtained and the results are
shown in Table 6. The results cleared
that five out of 21 crosses i.e. (P1 X Py),
(Pl X P5), (Pz X P3), (Pz X P5) and (P2 X
P;) exhibited negative and significant
(desirable) values for these traits. With
regard to yield and yield component
traits were obtained and the results are
shown in Table 6. The results cleared
that no hybrid exhibited positive and
significant values for all studied yield
traits. However, 8, 7, 10, 7, and 7 out
of 21 crosses showed positive and
significant or highly significant
specific combining ability effects (S;)
values for SCY/P, LY/P, BW, B/P and
L%, respectively. It is worth to notice
that these crosses in cases of seed
cotton vyield /plant were a result of
crossing poor x poor general combiner
[(P3 X Pa), (P3X Ps), (P3x Pe) and (P4 x
P;)] and good x poor general
combiners [(Py X P3) (P1x P7) and (P, X

P71

The same trend was observed in
other yield component traits. Thus, it
is not necessary that parents having
low general combination ability effect
(&) would also contribute to low
specific combining ability effects (Sij)
.Concerning fiber quality properties,
there were 1, 5, and 9 out of 21 crosses
showed desirable significant specific
combining  ability  effects  (Sy)
estimates in the cases of FF, FS and
UHM properties , respectively. These
results were in common agreement
with the results obtained by many

authors among them Abd El-Bary
(2003), Abd EI-Maksoud et al. (2000),
El-Fesheikawy et al. (2012) and El-
Kadi et al. (2013).

Heterosis:

Heterosis estimates of hybrid
combinations are presented in Tables
(7 and 8) Heterosis over both mid-
parents (MP) in Table (7) and better
parent (B.P) in Table (8) were
significant or highly significant for all
characters in this study. Generally, the
values of heterosis for fiber quality
characters were usually lower than
earliness, yield and yield components
traits, but it’s important for the textile
industry.

Regarding the earliness trait (i.e.
DFF and DFB), heterosis relative to
mid-parents ranged from -7.42% for
the cross (P, X P4) to -2.1% for the
cross (P, x Pg) for DFF and ranged
from -4.49% for the cross (P, X Ps) to -
1.10% for the cross (Ps x P4) for DFB.
On the other hand, heterosis relative to
best parents ranged from -6.49% for
the cross (Pz x P;) to -2.87% for the
cross (P4 x P;) for DFF and ranged
from -1.15% for the cross (P4 X Pg) to -
0.78% for the cross (P4 x Ps) for DFB.
However, for both earliness traits, 11
out of 21 crosses, viz., (P1 X Py), (P1 X
P3), (P1 X Ps), (P2 X P3), (P2 X P4), (P2 X
Ps), (P2 X P7), (P4 X Ps), (P4 X Pg), (P4 X
P;) and (Ps x P;) exhibited negative
mid parent heterosis and 3 crosses,
viz., (P1 X P3), (P4 X Ps) and (P4 x P;)
exhibited negative better parent
heterosis.
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Table (3): Mean squares for earliness, yield and yield components and Fiber quality traits.

S.0.V df DFF DFB SCY/P LCY/P BW B/P L % FF FS UHM
@) (9) (9)

Genotypes 27  25.090**  45.750**  122.6**  18.593**  0.093** 17.081**  10.409**  0.141* 0.36** 4.18**
Parents(P) 6  22.774**  54.938** 61.664** 17.004** 0.072** 10.052**  8.632**  0.327** 0.155 8.67**
Cross (C) 20 19.862**  44.171** 143.19** 18.946** 0.058** 19.653** 10.966**  0.086*  0.35** 2.55**

P.vs C. 1 143.556** 22.203**  76.348**  21.077** 0.925**  7.828** 9.941** 0.124 1.80**  9.65**

*, ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.
DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P:
number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean.

Table (4): The analysis of variance and mean squares of diallel crosses earliness, yield and yield components and Fiber quality
traits.

SOV df  DFF DFB SCY/P(3) LY/P(3) BW(g) BIP L% FF FS UHM

GCA 6  23.99** 47.613** 48.10** 7.91** 0.047** 11.48** 12.93** 0.115** 0.066*  3.528**
SCA 21 3.898**  6.003** 38.80** 5.71** 0.03**  4.041**  0.77** 0.027 0.134**  0.781**
GCA/SCA - 6.16 7.93 1.24 1.39 1.74 2.84 16.8 4.21 0.5 4.52

*, ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.
DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P:
number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean.
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Table (5): Parental general combining ability effects (&) of each parent for earliness, yield and yield components and Fiber
quality traits.

Parents  DFF DFB  SCY/P(g) LCY/P(g) BW(g) B/P L % FF FS UHM
P, 0.621%*  1451%*  4.026%* 1.746%%  -0.132%%  2.033**  0.377%% -0244** -0.083  -0.050
P, 2.89%F  -4.779%F  2.126%* -0.187 -0.054%*%  1.054**  -1.977**  0.063 0024  -0.513**
Ps 0321  0.629%*  -0.972%* -0.982%* 0.038*  -0.578**  -1333**  -0.007 0.006  0.502**
P, 1.054%%  0.399%*  -0.965%* 0.185 0016  -0.268**  1.113**  0.044 -0.050 0.035
Ps 2.087%%  2.480**  -2.941%* -1.026%*  0.053**  -1.207**  0.254** 0063  0.132%*  1.113%*
Pe -1.30%*  -0.286%*  -0.698* -0.098 0.063**  -0.599**  0.424**  -0.004 0076  -0.576%*
P, 0.106 0.106 -0.576* 0.363 0.048%*  -0.434**  1143**  0.085*  -0.105% -0.513**

*, ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.
DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P:

number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean. Py, P,, P3, P4, Ps, Ps and P
were; Giza 85, Ashmouni, Giza 75, Giza 80, Giza 86, Giza 90 and Giza 95, respectively.
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These crosses are considered
promising crosses to be used in
breeding programs for producing
hybrid cotton and for improvement of
earliness traits. These heterotic effects
were useful because the negative
heterosis for these traits is desirable.
These results were in harmony with
those obtained by Abd El-Hadi et al.
(2005 a) and El-Kadi et al. (2013),
who found that heterosis values
relative to the mid and better-parent
was significant and negative.

Regarding the vyield and its
components traits (i.e. SCY/P, LY/P,
BW, B/P and L %). The crosses (P, X
P7), (Pl X Pz), (Pz X Pg) (P4 X P7), (Pl X
P;), (Ps X P7) and (P3 x Pg) were super
for yield and yield components traits,
which exhibited the greatest values of
heterosis versus mid and better parents
and are considered a promising crosses
to be used in breeding programs for
producing hybrid cotton and for
improvement of vyield traits. Our
results are in harmony with those
reported by Abd El-Bary (2003) and
El-Fesheikawy et al. (2012 and 2015).

For fiber quality traits, the
following  crosses  revealed the
maximum values of heterosis relative
to mid and better parents, namely the
crosses (P X P7), (P2 X Pg) and (Pz X
P,) for UHM. However, the maximum
values of heterosis relative to mid and
better parents for FS were achieved by
the crosses (P; X Pg) and (P X Ps).
Also, the crosses (P, x P,) and (P4 X
Ps) had negatively (useful) but

insignificant heterosis for FF. These
crosses are considered promising
crosses to be wused in breeding
programs for producing hybrid cotton
and for improvement of fiber quality
traits. The absence or presence of
weak heterosis in these traits was
expected in these genetic materials,
which were developed from very
narrow  germplasm.Similar  results
were obtained by Abd EIl-Bary (2003)
and El-Fesheikawy et al. (2012).

Genetic parameters and heritability:

The partitioning of genetic
variance into GCA and SCA is shown
in Table (9). The data indicated that
GCA and SCA variances were highly
significant for all studied traits. The
results revealed that the magnitudes of
SCA variance were positive and larger
than those of GCA variance for all
studied traits except lint percentage (L
%). These indicated the predominance
of non-additive genetic variance in the
inheritance of these traits. It could be
concluded that earliness, yield and its
components as well as fiber properties
were mainly controlled by non-
additive variance. Similar results were
detected by Abd EI-Bary et al. (2008).
On the other hand, El-Fesheikawy et
al. (2015) reported that both additive
and dominance gene effects are
important in the inheritance of
earliness, yield and its components
characters.

With regard to the ratio of
GCAJSCA for earliness traits, data
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cleared that the major role of GCA in
their  inheritance. These  results
indicated that the additive which is
represented by GCA had more
importance than SCA which is
represented by non- additive gene
effects which indicated that the
additive play a major role in the
inheritance of DFF and DFB. These
results are in harmony with those
reported by Abd El-Hadi et al. (2005
a), Khan et al. (2011) and El-Kadi et
al. (2013).

For yield and yield components
traits, the ratios of GCA/SCA
indicated that the additive play a major
role in the inheritance of these traits.
Results are acceptance with those
reported by: Imran et al. (2012) and
Simon et al. (2013), while EI-
Fesheikawy et al. (2012) and El-Kadi
et al. (2013) reported that non-additive
gene effect play a major role in the
inheritance of seed cotton yield and its
components. For fiber quality, the ratio
of GCA/SCA indicated that the GCA
(additive) plays major part in the
inheritance of fiber fineness and fiber
length. While the ratio of GCA/SCA
for fiber strength was controlled by the
non-additive gene effect.

These results were in harmony
with those reported by Abd El-Hadi et
al. (2005 a), Berger et al. (2012) and
El-Kadi et al. (2013). Heritability in
both broad and narrow senses are
presented in Table (9).

High heritability values in broad
sense were detected for all studied
characters which ranged from 65.12%
for FF to 99.27% for DFB, indicating
that superior genotypes for these
characters could be identified from the
expression  and  illustrate  the
importance  of  straight forward
phenotypic  selection  for  the
improvement of these traits). Narrow-
sense heritability estimates were-
generally-lower than the
corresponding broad sense heritability,
indicating the presence of non-additive
gene action. However, h2,.% estimates
ranged from 5.06 for SCY/P to
77.89% for L%. These finding are in
general acceptance with those obtained
by Abd El-Bary et al. (2008), EI-
Fesheikawy et al. (2012), Saleh and
Ali (2012) and El-Fesheikawy et al.
(2015).
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Table (6): Cross-combinations specific combining ability effects (§;) for earliness, yield and yield components and Fiber quality traits.

Crosses DFF DFB SCY/P(g.) __LCY/P(3)  BW(G) B/P L% FF FS UAM
PXP,  -1.60%* 32T 13.10%* 7 48%* 0.10%* 3.67°F -0.60% -0.25%% 033  0.96%~
PXP;  -0.71 41,62+ 3.63%* 1775 -0.05 1.51%* 0.85%* 0.05 0.36** -1,33%*
PXP,  -0.57 0.71% -3.08%* 20.83%* 0.15%* 1855  0.69* 0.07 -0.29% 0.11
PiXPs  -2.01%* -1,01%* -3.38%* -0.90%* -0,02 1EE .87 0.15 0.30* -0.50
PXP;  0.32 2.83% -3.47% 1145 0.01 1.23%  0.32 0.05 0,45%* -0.48
PXP;  -0.09 2.67%* 6.45%* 3.03** -0.003 2.07%* 0.48 0.36** 0.43%*  1.46%*
PXP;  -1.66%* -2.43%% -2.04%* 20.97%* 0.18** -1.65%F 041 -0.06 -0.05 0.34
PXP,  -2.23%* -1.30%* -2.92%% -1.72%% 0.15%* A4 121 017 -0.16 0.038
PXPs  -0.83 -2.91%* 0.72 0.14 0.07* -0.31 -0.34 0.01 -0.18 0.79%*
PXPs  -0.41 4.47%% -0.42 -0.14 0.01 -0.34 0.14 0.11 -0.22 1.28**
PXP;  -1.15 -1.60%* 7.36% 2.86%* 0.03 2.02%* -0.08 -0.05 0.03 -0.181
PP,  0.83 0.43 1.62* 0.23 0,001 0.53* -0.80%*  0.06 -0,01 0.89%*
PXPs  2.09%* 1,25%* 4.70%* 2.01% -0,01 1.52%% 0.43 -0.12 0.31* -0.255
PXPg 2.4+ -0.35 8.16%* 3.06%* 0.13%* 1.91% -0.10 0.11 0.41%*  0.80**
PXP;  -2.39%* 1.66%* -0.92 -0.15 0.04 20.47* 0.57* 0.12 0.52%%  0,84**
PXPs  -1.97% 0.04 0.25 0.39 0.09* -0.38 0.62* -0.01 0.03 -0.59*
PxP;  -0.18 -4,09% -9,02%x -3,06% -0.20%%  -2.01%*  1.05% -0.14 0,05 -0.232
PXP;  -0.26 -2.05% 2.86%* 1.84% 0.16%* 0.04 1,08 0.10 -0.37**  0.61*
PexPg 1.08* -0.17 -1.40 -0.35 0.21% A131%  0.25 0.07 -0.43*%*  0.79**
PxP;  -0.69 -0,86%* -8.39%* -3.30%* 0.17% -3.20%* (.33 -0.12 -0.32%*%  -057*
PxP;  -1.00* 1.37% -2.27%x -0.97+x 0.11% 9% 017 0.12 0.44%* -0.65*

* ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.

DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P: number of
bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean. Py, P,, P3, P4, Ps, P and P; were; Giza 85, Ashmouni,
Giza 75, Giza 80, Giza 86, Giza 90 and Giza 95, respectively.
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Table (7): Estimates of heterosis relative to mid-parents (M.P.) of 21 F, crosses for earliness, yield and yield components and Fiber quality traits.

Crosses DFF DFB SCY/P (g.) LY/P (9. BW (g.) B/P L% FF FS UHM
P1XP, -6.66** -3.99%* 41.12%* 39.10** 10.37*%* 26.27%* -1.5%* -6.33 5.7 6.07**
P1XPs -4.00** -1.42*%* 23.03** 27.88** 2.42 19.12** 4.41** 5.36 2.99 -3.02*
P1XPy4 -3.82*%* -0.60 -4.40* -0.29 9.99** -13.1** 4.45*%* 3.90 -4.90* 1.18
P1XPs -5.02** -1.42** -3.85 1.01 5.21* -8.79** 5.37** 6.49 2.43 -1.64
P1XPsg -2.10* 3.15%* -4.28* -1.13 4.05 -8.27** 3.46** 6.31 4.56* -0.17
P1xP; -3.61** 2.44%* 22.29** 28.08** 5.98** 15.03** 4.41** 16.07** -1.5%* 6.21**
P2XxPs -6.65** -3.65** 12.93** 10.51** 13.57** -2.71 -2.5%* -2.75 -3.73 4.86**
PoXxPy4 -7.42%* -3.75** -4.03 -7.16** 13.37** -15.5** -3.7%* -6.87 -5.9%* 3.52*
P2XPs -4.70** -4.49*%* 5.87* 4.50 11.70** -6.65** -1.13* -2.29 -4.86* 4.86**
P,XxPsg -4.42** 3.06** 2.85 1.71 7.52%* -5.65* -0.32 1.98 -4.91* 8.49**
PoxP; -6.38** -2.54** 26.79** 27.01%* 10.48** 13.03** -0.28 -0.39 -5.03* 3.43*
P3Py -1.81 -1.10** 5.96* 4.76* 5,58** -0.04 -0.67 2.01 -2.92 4.52%*
P3XxPs 0.61 0.05 14.73** 17.82** 6.53* 7.54** 2.97** -2.01 1.53 -0.05
P3XxPsg -5.83** 0.31 20.80** 21.51%* 8.99** 11.01** 1.07 5.83 -5.34* 4.91**
P3xP; -6.64** 1.35** 9.40** 12.82** 8.16** 1.04 3.44** 7.44 -9.2%* 5.01**
P4XPs -4.87** -1.88** -8.19** -4.72* 10.62** -16.9** 3.99** -0.78 -2.37 -1.44
P4XPs -2.70* -3.73** -25.5** -22.5** -1.34 -24.6** 4.60** -2.02 -1.71 1.16
Psxpy -3.72*%* -2.64** 3.10 9.00** 13.09** -8.93** 5.68** 5.22 -8.7*%* 3.91**
PsxPs -0.21 -0.07 -10.6** -7.82** 13.47** -21.1** 3.01** 3.64 -5.4** 3.43*
PsxP; -3.59** -1.17%* -18.8** -15.9** 14.54** -29.1** 3.75%* 0.40 -6.9** -0.90
PesXP; -4.29** 2.18** -6.18** -4.24 10.01** -14.7** 2.01** 8.33* 1.19 0.34

LSD 0.05 1.46 0.83 2.26 0.87 0.12 0.79 0.41 0.32 0.39 0.90
0.01 1.96 1.11 3.02 1.16 0.16 1.06 0.55 0.42 0.52 1.20

*, ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.

DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P:
number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean. Py, P,, P3, P4, Ps, Ps and P
were; Giza 85, Ashmouni, Giza 75, Giza 80, Giza 86, Giza 90 and Giza 95, respectively.
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Table (8): Estimates of heterobeltiosis relative to better-parents (B.P.) of 21 F; crosses for earliness, yield and yield components
and Fiber quality traits.

Crosses DFF DFB SCY/P(g.) LY/P(g.) BW (g.) B/P L% FF FS UHM
P1XP, -2.97* -0.42 34.24** 28.74** 9.83** 22.28** -4.28** 7.77 -9.00** 1.93
P1XPs3 -3.47*%* -1.06** 10.11** 11.23** -2.31 2.29 1.17 14.56** 1.03 -3.89*
P1XPy4 -3.34** -0.13 -5.99* -4.31 7.27** -13.8** 1.29** 16.50** S1.17** 0.96
P1XPs -3.89** 0.16 -7.12** -2.35 1.58 -14.8** 5.34** 19.42** -0.67 -5.43**
P1XPsg 1.35 5.40** -5.52* -3.29 -1.73 -12.3** 2.59** 14.56** 241 -2.89
P1xP; -3.23** 3.72%* 16.28** 24.21%* 2.49 5.89* 2.27** 26.21** -10.14** 3.53*
P2XPs -3.51** -0.45 5.89* 3.29 7.82%* -14.1** -2.80** 2.48 -5.33* -0.11
PXPy4 -3.27* 0.31 -9.22** -17.3** 10.03** -17.5** -8.62** -4.69 -7.00** -0.32
P2XPs 0.29 0.71 4.20 -0.12 7.34** -10.1** -3.86** 0.00 -5.33* -2.96
P2XxPs -4.05** 4.57** -3.37 -7.76** 1.08 -4.42 -3.89** 8.40 -6.33** 7.13**
PxP; -3.07* -0.20 26.74** 21.02** 6.35** 7.36** -4.99** 4.96 -5.67* 1.92
P3XxPy4 -0.78 -0.26 -6.56** -12.0** 3.19 -13.6** -6.01** 4.96 -3.41 3.36*
P3XxPs 2.38* 2.04** 6.00* 5.58* 5.18* -1.77 -0.19 0.83 0.34 -3.06
P3XxPs -3.05* 2.11** 6.87** 3.72 7.87** -0.89 -2.86** 6.72 -5.50* 1.16
P3xP7 -6.49** 2.24%* 2.63 0.81 6.61** -6.46* -1.75%* 7.44 -10.14** 1.47
P4XPs -4.21%* -0.78* -12.7%* -11.5%* 9.49** -21.3** 1.44* -0.78 -3.03 -5.43**
P4XPg 1.26 -1.15%* -25.8** -24.0%* -4.53* -27.3** -0.91** 1.68 -2.05 -1.40
P4xP7 -2.87* -0.94* -3.51 1.58 12.13** -15.4** 5.26** 8.26 -9.12** 1.51
PsxPg 4.60** 3.79** -14.7%* -12.7%* 10.90** -23.1%* 2.11%* 7.56 -6.40** -3.16*
PsxP7 -2.05 1.70** -20.2** -16.1%* 14.35%* -30.1%* 1.60** 3.31 -7.07** -7.02**
PexP7 -1.31 3.10** -11.9%* -9.10** 7.34%* -17.9%* 0.77 9.24* 0.34 0.11

LSD 0.05 1.69 0.95 2.61 1.00 0.14 0.92 0.47 0.37 0.45 1.04
0.01 2.26 1.28 3.49 1.34 0.18 1.23 0.63 0.49 0.61 1.39

*, ** Denote significant at (P<0.05) and (P<0.01) levels of probability, respectively.

DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll weight, B/P:
number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean. Py, P,, P3, P4, Ps, Ps and P
were; Giza 85, Ashmouni, Giza 75, Giza 80, Giza 86, Giza 90 and Giza 95, respectively.

-544 -



Al-Ashmoony et al., 2016

Table (9): Genetic variance components and heritability for earliness, yield and yield components and Fiber quality traits.

Parameters DFF DFB SCY/P(g) LCY/P(3) BW(g) BP L%  FF FS  UHM
o*GCA 2233 4.623 1.033 0.245 0002 0827 135 0010 -0.008 0.305
6’SCA 3548  5.892 37.97 5.59 0.024 3940 074 0011 0.109  0.649

% 035  0.112 0.834 0.123 0002 0100 0027 0016 0025 0.132
H? % 95.81  99.27 97.96 98.01 9259 9824 9921 6512 78.90  90.53
h?,.s% 53.390  60.633 5.057 7.90 14178  29.032 77.89 4163 -12.63 43.87

DFF: days to first flower and DFB: days to first opening boll. SCY/P: seed cotton yield/plant, LY/P: lint yield/plant, BW: boll
weight, B/P: number of bolls/plant, L%: lint percentage. FF: fiber fineness, FS: fiber strength and UHM: upper half mean.
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