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ABSTRACT

The objectives of this study were to determine the heterosis, combining abilities, proportional
contributions, genetic components and heritability measurements of some yield, its components and fiber
quality charactersfor sixgenoty pesbelongto Gossypiumbarbadense, L viz.,Giza 95 (L1), Giza87 (L>), and
Giza93 (Ls), which used as aparental lines (L) as well as, Suvin (T1), Karshenky (T2), and 10229 (T3) which
used as a testers (T), by using line x tester analysis (LXT) across three locations i.e. Sakha, Sids and
Shandweel during2017 and 2018 seasons. T he variances due to the genotypes, locations (Loc.), parents (P),
crosses (C), (Pvs.C), L, T, (parentsxloc.) and (P vs. C x loc.) were significant for most traits under study.
Amongthe parents, Giza 95 (L1) and Karshenky (T 2) were highest yielding parents for most studied yield
traits, Giza 87 (L) and Suvin (T1) for most studied fiber traits. According to useful heterosis and desirable
specific combiningability effectsestimations, the promising recombination's i.e., (L1XT1), (L2XT2), (L3XT1),
(LsXT2) and (LaXT 3) were the highest values for most studied traits. Proportion contribution of testers were the
high values for No. of bolls/plant, seed cotton yield per plant, boll weight and fiber strength traits. Meanwhile,
lines contributionswere the highest for other traits. The non-additive genetic effect was larger than additive
ones for NB/P, SCY/P, LY/P and length uniformity index. M eanwhile, heritability in broad sense (h%, %)
were higher than the values of narrow sense (h?, %) for all characters under study.
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INTRODUCTION

The main goal in cotton breeding is looking and
selecting the genotypes with high yield and quality traits,
substantialwork has been carried out to increase the yield
and fiber quality of Egyptian cotton. However, selection of
parents based on per se, adaptation and genetic diversity
does not lead necessarily to desirable results. This is due to
the differential ability of the parents, which depended on
complex interactions among the genes and its difficult
judged by their mean performance alone, Allard (1960).
Also, parents, who performwell in the new recombination,
are very important in the breeding program of Egyptian
cotton. The information about relative magnitude of
genetic variance and combining ability with respect to
traits of economic importance is essential for exploitation
of the existing gene action in the population. Thus,
Egyptian cotton breeders seek the most appropriate
materials for breeding and the way to present clearly the
results of experimental scientific studies.

Estimation of combining ability can be used to
determine the usefulness of the parents in hybrid
combinations andto develop best hybrid adaptable to the
different environments, Sprague and Tatum (1942). Both
general (GCA) and specific (SCA) combining ability have
a significant impact on evaluation of genotypes and
population improvement.

Maximizing of heterosis magnitude can be done if
the parents which used in hybridization are genetically
varied .Bxploiting heterosis is one of the methods to
improvement yield and fiber quality traits in cotton. Kumar
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(2008) statedthatto maximize heterosis, there is a need for
utilizing breeding programs aimed at constantly creating
variability and increasing genetic diversity between
populations thatcan furtherbe exploited through selection
for combining ability between such diverse populations.
Also heterosis can beenhanced by increasing dominant gene
action. Itis difficult toprecisely detect and manipulate the
degree of dominant gene action while selecting, based on
phenotypic measurements, for high heterosis. However, it is
possible tocreateandimprove heterotic populations against
atesterorreciprocally develop diverse populations which
differ for the alleles at a large number of yield influencing
loci (showing dominance).

Different methods have been appliedto improve the
selectionofgenes controlling the useful agronomic traits.
The most used breeding designs are diallel, line x tester, test
crosses, bi-parental and multiple crosses designs
Nduwumuremyi et al. (2013). The major purpose of these
designs s to estimate the combining abilities of experimental
crosses and parental lines as well as understanding the
heredity of the studied characters Sharma (2006).

Line x tester analysis is a common approach for
assessing the expression of genetic aspects of traits,
especially when is an extension (modified version) of top
cross method in which several testers are used.
Kempthorne (1957), which provides information about
GCA and SCA of parents andat the same time it is helpful
in identifying best heterotic crosses. Also, line x tester
analysis provides information about regarding genetic
mechanism controlling yield and yield components. The
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most important merit of this approach is that it enables
evaluation with less experimental materials compared to
other mating designs. The line x tester design has been
used in studiesabout yield and its components as well as
fiber quality properties in cotton. The most important merit
of this approach is that it enables evaluation with less
experimental materials compared to other mating designs.
The line x tester design has been used in studies about
yield, its components and fiber quality properties in cotton.
However, many researchers were reported that such as
Karademir et al. (2016), Usharani et al. (2016), Chinchane
et al. (2018), Khokhar et al. (2018), Patel and Patel (2018),
Prakash et al. (2018) and Rajeev and Patil (2018).

In this respect, AL-Hibbiny (2011) cleared that the
significantly positive heterotic values over mid-parents
were observed for fiber strength and fiber length. While,
significantly negative heterosis (useful) values versus mid-
parents were detected for fiber fineness. The following
crosses were developed the significant values i.e., the
cross; Giza 90 x Australian for fiber length and fiber
strength, the following crosses; Giza 86 x Australian, Giza
86 x Pima S7 and Giza 45 x Pima Sz were exhibit useful
heterosis over better-parents for most fiber traits. Also,
highest andsignificant values were possessed by the cross;
(Giza 90 x Australian) for upper half mean and pressely
index and both (Giza 86 x Australian) and (Giza 86 x Pima
S7) crosses for micronaire reading over the three studied
locations and its combined data. EL-Fesheikawy et al.
(2012) stated that heterosis over bothmid- (MP) and better
(BP) parents were significant or highly significant for all
studied traits. They added that values of heterosis for fiber
quality characterswere usually lower than yield and yield
components traits, but it’s important for the textile
industry. AL-Ameer (2015) study heterosis in cotton and
indicate that the F1 cross in one or more traits over its
parents, and conduct to distinction in acclimation,
generally positive heterosis is considered as coveted to all
studied characters unless fiber fineness. Heterosis over
both better and mid-parents for most cases were detected.
Mabrouket al. (2018) results revealedthatthe variances of
the genotypes, parents and crosses were significant for
Bolls / plant, seed and lint cotton yield/plant, lint % and
uniformity index characters. The mean squares due to
GCA were significant for Bolls/plant, seed and lint cotton
yield / plant and lint %, as well as mean squares of SCA
were significant for all previous traits except lint % .
A-Yield components characters are:

Recently, Balcha et al. (2019) estimate of variance analysis
and showed that, presence of significant differences among
genotypes for all studied traits except uniformity index,
GCA(lines) was significant for all traits, while SCA was
significant for number of bolls/plant, seed and lint cotton
yield and fiber strength. Performing lines for lint yield and
related traits followed by crossing with testers is possible to
obtain commercial cotton hybrids. Also, Yehia and EL-
Hashash (2019) reported that genotypes, parents (P),
crosses(C) and (P vs. C) variances exhibited significantly
differences (P<0.01) for most studied characters. The
variances due to GCA of parents, and SCA crosses were
significant for most traits under study, indicating the
importance of both additive and non-additive gene actions
in controlling these traits. Line x tester proportional
contribution was greater than individual contribution of
both lines and testers for most traits under study.

The objective of this study was evaluate 15
genotypes (6 parentsand 9 hybrids) at three locations i.e.,
Sakha, Sids and Shandweel in two successive seasons
2017 and 2018 and determine combining ability, gene
action ,heterosis, and heritability for yield and its
components as well as fiber quality properties.

MATERIALS AND METHODS

In 2017 (first season), nine single crosses between
six parental varieties were made by using the three
Egyptian cotton cultivars as lines (Females), Giza 95 (L),
Giza 87 (L2) and Giza 93 (Ls). While, the three remaining
genotypes were used as testers (males) i.e., Suvin (T1)
(Indian variety), Karshenky (T2) (Russian variety) and
10229 (T3) (Australian strain) to produce nine F1's seeds
.The parental genotypes were also selfed to obtain more
seeds. 15genotypes (nine single hybrids and six parents)
were evaluated in the second season (2018) at three
locations i.e., Sakha, Sids and Shandweel which located at
Kafr EI-Sheikh, Beni-suef and Sohag governorates,
respectively. Each experiment was randomized complete
block design with three replications to evaluate the 15
genotypes. Each block therefore, contained 15 plots.
BExperimental plots were two ridges /plot; 4 mlong and
0.60 m wide. Hills were spaced 0.40 m apart and one
plant/hill was kept after thinning at seedlings stage.
Ordinary cultural practices and pests control were followed
as the recommendations.

Data inwolwved in this study were as follows:

¢ Number of bolls/plant (NB/P)

e Lint cotton yield/plant (LCY/P.g.)
¢ Boll weight (BW.g.)

e Lintindex (LLg.)

e Seed cotton yield/plant (SCY/P.g.)
Lint percentage (L %)
e Seed index(Slg.)

B-Fiber properties characters are:

e Micronaire reading (fiber fineness) (FF).
e Uniformity index (UI).

Fiber strength (pressely index) (FS).
Fiber length(FL) (upper half mean mm)

The fiber properties tests were analyzed in the
laboratories ofthe Cotton Technology Research Division
at Giza, Cotton Research Institute to determine fiber
quality, under controlled conditions of 65 + 2% of relative
humidity and 70 + 2°F temperatures for all samples. Fiber
properties were measured by using High Volume
Instrument (HVI) according to A.S.T.M. D-4605(1986).

Statistical analysis:

Line x tester analysis first step is to perform
variance analysis and test differences significance among
15 genotypes including crosses and parents. If these
differences are found significant, line x testeranalysis was
performed Singh and Chaudhary (1979). Kempthorne
(1957) reported that, using broad base genotypes as a
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tester; thegeneralcombining of lines is testedas in the top
cross method. In addition, line x tester analysis is an
extension ofthis method in which several testers are used.
In orderto evaluate the materials used in this study, both of
genotypes means (per se) and variances for studied
characters were computed. Statistical procedures were
done according to Cochran and Cox (1957). Differences
among means were compared by using the Least
Significant Differences (L.S.D.) testas given by Steel and
Torrie (1980). Heritability in both broad (h%, %) and
narrow (h?, %) senses was computed fromtwo formulas
outlined by Allard (1960) and Mather (1949).

RESULTS AND DISCUSSION

Analysis of variance:

Mean squares and variance analysis of yield and its
components as well as fiber quality traits under study for
combined analysis at three locations for all genotypes are
showedin Table (1). Results revealed significant differences
between genotypes, crosses, parents vs. crosses, lines and

parents vs. crosses xlocations forall studied traits, except for
Bolls/plant,seedindexand fiber length in the crosses and
lines, fiber fineness in the parents vs. crosses and uniformity
indexin the parentsvs. crosses xlocations. Mean squares
due to locations, parents, testers and parents x locations were
significant for mosttraits under study. Genotypes xlocations
mean square were significant for seedand lint cotton yield /
plant, bollweight and fiber length .On the other hand, Line x
Tester had significant for lint %. Also, mean square for
crosses X locations were significant for lint %, lint index,
fiber length, fiber strengthand fiber fineness, while the mean
squares for lines xlocations were significant for lint %, seed
and lint indices, fiber strength and fiber fineness. However,
significant mean squares due to testers x locations for all
fiber quality traits except uniformity index, while the mean
squares for Line x Tester x locations interaction were non-
significantforalltraits under study. Usharani et al. (2016)
reportedthat, both GCA variances due to lines and testers
and SCA variances due to lines xtesters interaction were
significant for all studied characters.

Table 1. Analysis of variance of line x tester for all genotypes of yield, its components and fiber properties ower

combined analysis at three locations.

SOV df NB/P SCY/P LCY/P L% BW SI.

Replicate 2 101.03 1369.41 177.57 0.63 0.07 0.28

Locations (Loc.) 2 292.61** 2728.60** 398.27** 0.77 0.12* 0.07

Genotypes (G.) 14 285.93** 6408.21** 1275.06** 15.08** 0.43** 20.00**

Parents (P.) 5 48.82 683.83 164.27 0.99 0.10* 2.70**

Crosses (C.) 8 59.58 1146.73* 249.80** 33.90** 0.07 2.81**

P.v.C. 1 613.55** 17312.01** 3130.49** 23.64** 0.91** 57.36**

Lines (L.) 2 63.02 1598.03* 458.07** 33.92** 0.09 7.10%*

Testers (T.) 2 88.16 1936.21* 333.66* 15.95** 0.08 3.22%*

L. xT. 4 43.58 526.34 103.74 55.33** 0.06 0.46

G.xLOC. 28 61.69 838.28* 130.85* 0.79 0.08** 1.25

P.x LOC. 10 34.11 203.81 2.48 3.45** 0.03 5.72**

C.xLOC. 16 6.78 232.29 75.12 1.60** 0.02 1.40

P.v.C x LOC. 2 320.94** 14583.42** 2732.21** 6.44** 0.78** 57.29**

L. x LOC. 4 114.79 565.28 29.90 5.50** 0.02 3.51**

T.xLOC. 4 102.23 396.19 32.31 0.12 0.02 157

L. x T.xLOC. 8 51.36 418.98 47.70 0.13 0.00 0.21

Error 88 51.15 515.57 76.76 0.76 0.04 0.14
LI FL FS FF ul

Replicate 2 0.02 0.07 0.01 0.04 0.27

Locations (Loc.) 2 0.05 0.12* 0.31** 0.05 1.13

Genotypes (G.) 14 3.64** 0.43** 2.04** 1.95** 8.48**

Parents (P.) 5 0.56** 0.10* 0.99** 0.85** 4.49%*

Crosses (C.) 8 0.84** 0.07 0.37** 0.60** 1.51*

P.v.C. 1 7.41** 0.91** 1.59** 0.001 5.03**

Lines (L.) 2 2.70** 0.09 0.59** 1.44** 2.96*

Testers (T.) 2 0.48* 0.08 0.75** 0.87** 1.34

L. xT. 4 0.10 0.06 0.07 0.05 0.87

G.x LOC. 28 0.11 0.08** 0.10 0.03 0.55

P.x LOC. 10 0.27* 3.50** 0.43** 0.41** 2.02**

C.x LOC. 16 0.42** 1.74** 0.15** 0.30** 0.61

P.vs.C.x LOC. 2 7.36** 6.98** 1.28** 0.10* 1.39

L. x LOC. 4 1.32** 4.28 0.14* 0.70** 0.92

T.xLOC. 4 0.22 2.05** 0.22** 0.41** 0.10

L. xT.xLOC. 8 0.04 0.02 0.05 0.01 0.15

Error 88 0.14 0.04 0.05 0.03 0.71

* ** Significant at 0.05 and 0.01 levels of probability, respectively.

Genotypes mean performance (Per se):

The mean performances of the sixparents and their
9 F1’s hybrids forall studied characters across data at three
locations are presentedin Table (2). Giza 95 (L1) possessed
the highest means for all yield and its components traits
except seed index Giza 87 (L2) had the best values for all
fiber traits except fiber fineness. Meanwhile, Giza 93 (Ls)
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gavethe bestper se for seed indexand micronaire reading
(FF). For testers, Suvin (T1) recorded best means for all
fiber traits, Karshenky (T2) achievedthe best values for all
yield traits except lint percentage and 10229 (T3) gave the
highest means for lint%. With respect to the crosses, best
means were found as follow; the cross (G. 95 x Karshenky)
for all yield traits, (G. 87 x Suvin) for upper half mean
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(FL), (G. 87 x 10229) for uniformity index, (G. 93 X
Suvin) for fiber strength and fiber fineness.

In general, Giza 95 and Karshenky cultivars can be
used for improve yield characteristics in breeding

programs. In the same time, Giza 87 and Suvin cultivars
can be used forimprovement of fiber quality. These results
generally correspond with the findings of AL-Hibbiny
(2011) and EL-Fesheikawy et al. (2012)

Table 2. Mean performances of all genotypes of yield, its components and fiber properties for combined analysis at

three locations.

NB/P SCY/P LCY/P L. % BW SL.
Lines:
Giza95 44.84 150.12 61.62 41.01 3.36 9.80
Giza87 42.66 127.38 47.70 37.50 3.00 9.63
Giza93 35.30 113.63 4241 37.33 3.22 10.37
Testers :
Suvin 42.81 124.52 46.96 37.80 2.90 9.63
Karshenky 47.29 151.64 58.82 38.90 3.20 10.43
10229 43.73 128.39 51.57 40.30 2.93 9.73
LSD 0.05 6.84 22.12 8.30 0.77 0.21 0.37
0.01 9.21 29.78 11.18 1.04 0.28 0.49
F1 hybrids
Giza 95 x Suvin 51.09 181.28 74.34 40.99 3.55 10.87
Giza95 x Karshenky 57.93 206.34 84.74 41.07 3.56 11.48
Giza95x10229 48.41 163.63 66.18 40.48 3.38 10.88
Giza87 x Suvin 46.74 151.50 57.39 37.90 3.24 10.23
Giza87 x Karshenky 48.99 171.77 66.87 38.97 3.52 10.74
Giza87x 10229 46.35 150.36 58.56 38.89 3.25 10.32
Giza93 x Suvin 44.54 153.69 60.14 39.14 3.45 10.86
Giza 93 x Karshenky 54.05 190.12 74.73 39.30 3.53 11.05
Giza93x 10229 54.69 185.18 73.89 39.86 3.39 11.01
LSD 0.05 5.92 19.16 7.19 0.67 0.18 0.32
0.01 7.97 25.79 9.68 0.90 0.24 0.43
Table 2. Cont.
LI FL FS FF Ul
Lines:
Giza95 6.82 30.54 9.14 4.73 83.09
Giza87 5.78 35.12 10.64 3.66 85.31
Giza93 6.18 33.98 10.49 3.51 85.16
Testers:
Suvin 5.86 32.72 10.20 3.52 86.40
Karshenky 6.64 32.47 9.52 4,52 85.88
10229 6.57 32.16 10.00 3.83 86.32
LSD 0.05 0.37 0.60 0.25 0.17 0.80
0.01 0.49 0.81 0.33 0.22 1.07
F1 hybrids
Giza95 x Suvin 7.55 33.44 10.39 4.09 86.40
Giza95 x Karshenky 8.01 31.82 9.64 4.58 84.63
Giza95x10229 7.40 32.29 10.24 4.52 85.11
Giza87 x Suvin 6.25 35.14 10.66 3.57 86.20
Giza87 x Karshenky 6.86 33.30 10.34 4.36 86.33
Giza87x10229 6.58 33.82 10.44 3.84 86.72
Giza93 x Suvin 6.99 34.79 10.80 3.36 86.70
Giza93 x Karshenky 7.29 33.96 10.19 3.94 86.02
Giza93x 10229 7.31 34.49 10.74 3.50 86.26
LSD 0.05 0.32 0.52 0.21 0.14 0.69
0.01 0.43 0.70 0.29 0.19 0.93
Heterosis: were significantly positive useful heterotic values for all

Heterosis estimates of hybrid combinations over both
mid-parents(MP) and better-parents(BP) for yield, its
components and fiber quality characters for combined
analysisat three locations are shown in Tables (3) and (4),
respectively. All hybrid combinations for yield and its
components were significantly positive useful heterotic
values over MP except crosses; (Giza 95 x 10229 and Giza
87 x 10229 forseed cottonyield/plantand lint %) and (Giza
87 x Suvin for lint %), while relative to BP the crosses 5, 4,
8, 1 and 8 out of the 9 F crosses possessed significantly and
positively desirable heterosis for NB/P, SCY/P, LY/P, L. %
and LI, respectively. Meanwhile, bollweightand seed index

crosses. Forfiber properties heterosis versus MP; the 8,9
and 4 crosses out of the 9 F1 hybrid combinations was
significantly positive useful heterosis for FL, FS and UlI,
respectively, while six crosses were negative and
significant (useful) heterosis for FF, also relative to heterosis
versus better-parents the 3 and 5 crosses out of the 9 F;
crosseswas positiveandsignificant useful heterosis for FL
and FS, respectively, while two crosses were negative and
significant useful heterosis for FF. However, EL-
Fesheikawy et al. (2012) indicated that the promising
crosses showedthehighest values of Heterosis relative to
MP were (Ta2xs) for SCY/P (79.7%),LY/P (13.0%),
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B/P(62.3%) and for LI(11.4%), (T2xs) for BW (84.5%),
(Tids) for L. % (3.6), UHM (8.9%) and for Ul (2.6%),
(T2xLa) for SI (13.8%), (T1xle2) for FS (7.0%) and (T1xl4)
for FF which showed negativesignificant Heterosis value (-
4.7%) indicating greater the micronaire value, lower is the
fineness. As regards the promising crosses which exhibited
the highest values of B.P Heterosis were as follow, (T2xLs)
for SCY/P (56.2%), LY/P (13.3%), B/P (57.4%) and for
FF(-8.0%),(T2xLs) for BW (65.9%) , (T2x4) for seed
(11.3%) and for lint (8.3%)indices, (T1xLz2) for FS (5.7%)
and the cross (Tixs) for FL (3.4%), indicating that
hybridization would improve cotton production and fiber
quality. Sorour et al. (2013) found that positive heterotic
effects for mid-parents were found for most of the traits in

the crosses (10229 x G.86) x G.45, G.45 x Suven, G.45 x
G.70, TNB x G.70 and C.B 58 x G.93. Also, positive
heterotic effects relative to the better parent were found for
most of the traits in the crosses (10229 x G.86) x TNB, G.45
x Suven and G.45x G.70 overtwo planting dates and their
combined. AL-Ameer (2015) showed that the following
crosses were evidenced thebestvalues of heterosis relative
to better and mid-parents i.e., crosses; TNB x Giza 85 and
CB-58 x Giza 85 for most studied characters. Mahrous
(2018) the results of heterosis noticed that 7 crosses had
positive and highly significant heterosis in seed and lint
cottonyield /plantand 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.45 x (G.90 x Australian)), and (G. 92 x G.90).

Table 3. Heterosis relative to the mid-parents (MP) for yield, yield components and fiber quality for combined

analysis at three locations.

Crosses NB/P SCY/P LY/P L.% BW Sl

Giza 95 x Suvin 16.58** 32.01** 36.94** 4.03** 13.45%*  11.84**

Giza 95 x Karshenky 25.76** 36.76** 40.72** 2.80** 8.64** 13.45**

Giza 95 x 10229 9.31** 17.51 16.93** -0.44 7.52%* 11.38**

Giza 87 x Suvin 9.38** 20.29* 21.26** 0.66 9.95%* 6.23**

Giza 87 x Karshenky 8.93** 23.12* 25.55** 2.01* 13.59** 7.09**

Giza 87 x 10229 7.30* 17.57 17.98** -0.03 9.52** 6.60**

Giza 93 x Suvin 14.04* 29.07** 34.60** 4.20** 12.59** 8.56**

Giza 93 x Karshenky 30.88** 43.34** 47.65** 3.12** 9.82** 6.21**

Giza 93 x 10229 38.38** 53.03** 57.25** 2.71** 10.21** 9.56**

LSDat 0.05 5.92 19.16 7.19 0.67 0.18 0.32

LSDat 0.01 7.97 25.79 9.68 0.90 0.24 0.43
LI FL FS FF Ul

Giza 95 x Suvin 19.17** 5.73** 7.41%* -0.94** 1.95*

Giza 95 x Karshenky 19.00** 1.01** 3.33** -1.08** 0.18

Giza 95x 10229 10.53** 2.99%* 7.02%* 5.58** 0.48

Giza 87 x Suvin 7.35%* 3.60** 2.24%* -0.62** 0.40

Giza 87 x Karshenky 10.42** -1.46* 2.59** 6.52** 0.86*

Giza 87 x10229 6.50** 0.55* 1.18** 2.67** 1.06**

Giza 93 x Suvin 16.08** 4.31** 4.40%* -4.58** 1.08**

Giza 93 x Karshenky 13.76** 2.21%* 1.83** -1.80** 0.59

Giza 93 x 10229 14.63** 4.30*%* 4.88** -4.69** 0.60

LSDat 0.05 0.32 0.52 0.21 0.14 0.69

LSDat 0.01 0.43 0.70 0.29 0.19 0.93

*,** Significant at 0.05 and 0.01 levels of probability, respectively.

Table 4. Heterosis relative to the better-parents (BP) for yield,

analysis at three locations.

yield components and fiber quality for combined

Crosses NB/P SCY/P LY/P L.% BW Sl

Giza95x Suvin 13.93** 20.75 20.65** -0.04 5.76** 10.88**

Giza 95 x Karshenky 22.51%* 36.07** 37.52%* 0.15 6.12** 10.01**

Giza95x10229 7.96 9.00 7.39 -1.31%* 0.73** 11.00**

Giza87xSuvin 9.19* 18.94 20.31** 0.26 8.23** 6.23**

Giza87 x Karshenky 3.60 13.27 13.68** 0.18 9.92** 2.98**

Giza87 x 10229 5.98 17.11 13.55** -3.50 8.38** 6.05**

Giza93x Suvin 4.05 23.42** 28.09** 3.54** 6.96** 4.72*%*

Giza93 x Karshenky 14.30** 25.37** 27.05** 1.04* 9.44** 5.87**

Giza93x 10229 25.04** 44.23** 43.29** -1.08* 5.24** 6.22**

LSD at  0.05 6.84 2212 8.30 0.77 0.21 0.37

LSDat 0.01 9.21 29.78 11.18 1.04 0.28 0.49
LI FL FS FF ul

Giza95 x Suvin 10.79** 2.21** 1.85** 16.09** 0.01

Giza 95 x Karshenky 17.49** -1.98** 1.28** 1.23** -1.45*

Giza95x10229 8.53** 0.41 2.44** 17.97** -1.40

Giza87 x Suvin 6.66** 0.06 0.10 1.26** -0.23

Giza 87 x Karshenky 3.26** -5.19** -2.82%* 19.15%* 0.53

Giza87x10229 0.12 -3.70** -1.88** 5.17** 0.46

Giza93 x Suvin 13.08** 2.39** 2.97** -4.43%* 0.35

Giza93 x Karshenky 9.77** -0.07 -2.86** 12.34** 0.17

Giza93x 10229 11.20** 1.50** 2.44%* -0.32** -0.08

LSD at 0.05 0.37 0.60 0.25 0.17 0.80

LSDat 0.01 0.49 0.81 0.33 0.22 1.07

*** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
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Combining ability Effects:

Values of general combining ability (GCA) for the
parents (lines and testers) and specific combining ability
(SCA) F1crossesovercombined analysis at three locations
are shown in Table (5). Data cleared that Giza 95 (L1) was
positive and significantuseful GCA effects (gi) for SCY/P,
LY/P, L %, seed and lint indices. Giza 87 (L.) was
positive and significant desirable for FL, FS and UI. Also,
Giza 93 (Ls) had positive and significant GCA effects for
FL and FS, while it was negative and significant desirable

for micronaire reading (FF). Regarding testers, results
revealed that Suvin (T1) was significant and positive useful
GCA effects (gi) for upper half mean (FL), fiber strength
and uniformity index, while, significant and negative
desirable GCA effects (gi) were shown for micronaire
reading (FF) Karshenky (T2z)was positive and significant
desirable for NB/P, SCY/P, LY/P, BW, seed and lint
indices. Contrarily, 10229 (T3) was insignificant desirable
for all studied traits.

Table 5. General(gi) and specific(Sij)combining ability effects Estimates of the parental varieties and nine Fi
hybrids for yield, its components and fiber quality for combined analysis at three locations.

Parents NB/P SCY/P LCY/P L. % BW SL
Lines:
Giza95 2.17 11.10* 6.55** 1.22** 0.07 0.25**
Giza87 -2.95*% -14.78** -7.60** -1.04** -0.09* -0.39**
Giza93 0.78 3.68 1.05 -0.19 0.03 0.14
LSD 0.05 2.79 9.03 3.39 0.32 0.09 0.15
0.01 3.76 12.16 4.56 0.42 0.11 0.20
Testers:
Suvin -2.85* -10.50* -4.58** -0.28 -0.02 -0.17*
Karshenky 3.35** 16.76** 6.91** 0.16 0.11* 0.26**
10229 -0.49 -6.26 -2.33 0.12 -0.09* -0.09
LSD 0.05 2.79 9.03 3.39 0.32 0.09 0.15
0.01 3.76 12.16 4.56 0.42 0.11 0.20
F1 hybrids
Giza 95 x Suvin 1.47 8.02 3.83 0.42 0.07 -0.03
Giza 95 x Karshenky 2.11 5.83 2.75 0.07 -0.04 0.14
Giza95x10229 -3.57 -13.86 -6.58 -0.49 -0.03 -0.11
Giza87 x Suvin 2.23 4.12 1.03 -0.41 -0.08 -0.03
Giza 87 x Karshenky -1.72 -2.87 -0.98 0.22 0.08 0.05
Giza87x10229 -0.52 -1.26 -0.05 0.18 0.00 -0.02
Giza93 x Suvin -3.70 -12.14 -4.87 -0.02 0.01 0.06
Giza93 x Karshenky -0.39 -2.97 -1.77 -0.29 -0.03 -0.19
Giza93x 10229 4.09 15.11 6.63* 0.31 0.03 0.13
LSD 0.05 4.84 15.64 5.87 0.55 0.15 0.26
0.01 6.51 21.06 7.90 0.73 0.20 0.35
Table 5. Cont.
Parents LI FL FS FF ul
Lines:
Giza95 0.52** -1.15%* -0.29** 0.42** -0.66**
Giza87 -0.57** 0.42** 0.10* -0.05 0.38*
Giza93 0.06 0.74** 0.19** -0.37** 0.28
LSD 0.05 0.15 0.25 0.10 0.07 0.33
0.01 0.20 0.33 0.14 0.09 0.44
Testers:
Suvin -0.21%* 0.79** 0.23** -0.30** 0.39*
Karshenky 0.25** -0.65** -0.32** 0.32** -0.38*
10229 -0.04 -0.14 0.09 -0.02 -0.01
LSD 0.05 0.15 0.25 0.10 0.07 0.33
0.01 0.20 0.33 0.14 0.09 0.44
F1 hybrids
Giza 95 x Suvin 0.11 0.14 0.07 0.00 0.63*
Giza 95 x Karshenky 0.10 -0.05 -0.12 -0.14* -0.37
Giza95x10229 -0.21 -0.09 0.06 0.14* -0.26
Giza87 x Suvin -0.11 0.27 -0.06 -0.05 -0.61*
Giza87 x Karshenky 0.05 -0.14 0.19* 0.11 0.29
Giza87x10229 0.06 -0.13 -0.13 -0.06 0.32
Giza93 x Suvin 0.00 -0.41 -0.01 0.06 -0.02
Giza93 x Karshenky -0.15 0.19 -0.06 0.02 0.08
Giza93x 10229 0.15 0.22 0.07 -0.08 -0.06
LSD 0.05 0.26 0.42 0.17 0.12 0.56
0.01 0.35 0.57 0.23 0.16 0.76

* ** significant at 0.05 and 0.01 lewels of probability, respectively.

100



J. of Plant Production, Mansoura Univ., Vol. 11 (2), February, 2020

The data of specific combining ability effects (Sij)
for all yield studied traits showed insignificant SCA (Sij)
effects forall crosses except LY/P was significant desirable
SCA effects (Sij) for cross Giza 93 x 10229, while, fiber
strength and uniformity index showed significant and
desirable SCA effects for crosses Giza 87 x Karshenky and
Giza 95 x Suvin respectively, also, micronaire reading (FF)
was negative and significant desirable specific combining
ability effects (Sij) for Giza 95 x Karshenky. In this respect,
EL-Fesheikawy et al. (2012) stated that no hybrid
combination exhibited positive and significant values for
all studied yield traits. However, 5,3,5,5,2, 2, and 2 out of
10 crossesunder study showed positive and significant or
highly significant specific combining ability effects (Sij)
values for SCY/P, BW, LY/P, NB/P, L%, Sl and LI ,
respectively. Concerning fiber quality properties only the
cross Karshenky x (Giza 90* Australian) out of the 10
studied crosses showed desirable significant specific
combining ability effect (Sij) estimate in the case of UI.
Otherfiber quality characters had no significant values for
specific combining ability effects (Sij) for all studied
crosses. Also, Sorour et al. (2013) found that the two
crosses; CB.58 x G.93 and G.45 x G.70 showed highly
significant desirable specific combining ability effect (Sij)
estimate for seed cotton and lint yield, BW and NB/P at
two sowing dates and their combined. Recently, Mahrous
(2018) found that the line Giza 86 was the best combiner
for SCY/P,LY/P, NB/P and SI, while lines Giza 45 and
Giza 92 were the best combiners for FF, FS and FL. Giza
90 was the best combiner for SCY/P and LY/P. Four
crosses exhibited significantly positive values of specific
combining ability effects (Sij) for SCY/P, LY/P, L. % and
NB/P.

Proportional contribution:

As shown in Table (6), relative percentages of
contribution of lines, testers and their interactions for
combined analysis over three locations.

Table 6. Proportional contributions of lines, testers and
their interaction for yield, its components and
fiber quality for combined analysis at three

locations.
characters Lines Testers Linesx Testers
No. of bolls/plant 26.44  36.99 36.57
Seed cotton yield/plant 3484 4221 22.95
Lint cotton yield/plant 4584  33.39 20.76
Lint percentage 86.70 3.83 9.46
Boll weight 3472 48.12 17.16
Seed index 63.16 28.70 8.14
Lint index 79.83 1434 5.83
Upper half mean(FL) 63.35 32.64 4.01
Fiber strength 40.14 50.95 8.92
Miicronaire reading(FF) 59.62 36.05 4.33
Uniformity index 49.03 22.10 28.87

Results cleared that, lines were larger than testers
and lines x testers interaction in their relative contributions
for all traits understudy, except for NB/P, SCY/P, BW and
FS which recorded high values with testers contributions
AL-Hibbiny (2011) showed that the proportion
contributionrevealedthat, the contribution dueto lines was
higherthan that of the testers for fiber fineness, while the
testers contribution were higher than that of the lines for
fiber strength. However, lines x testes contribution were

larger than those of testers and lines for all studied
charactersat three locations and their combined data. EL-
Fesheikawy et al. (2012) reported that, lines x testers
interaction were high in magnitude than lines or testers
contributions for all studied characters which ranged from
57.174 for NB/P to 53.83 for BW. Also, the contributions
of lines were slightly higher than those of testers for
studied characters.

Genetic parameters:

Gene action offers the behavior or mode of
expression of genes in a genetic population. Knowledge of
gene action helps in the parent’s choice in hybridization
programs and also in the choice appropriate breeding
method for the genetic improvement of various
quantitative characters. Therefore, the nature of gene action
involved in the expression of various a quantitative
characteris essential to plant breeder for starting a suitable
breeding program. Partitioning of the genetic parameters
for all traits in combined analysis at threeenvironments are
presented in Table (7). The results indicated that the non-
additive of genetic variance (c2D) were higher than
additive genetic ones (c2A) for NB/P, SCY/P, LY/P and
Ul. These results indicated that non-additive effects play a
major role in the expression of these characters, while
additive effects had a minor role and indicating the
hybridization programwould be effective in improvement
of some studied traits. The importance of non-additive
genetic variances was verified by the average degree of
dominance which is more than one for some traits. This
indicated that the over-dominance playedan important role
of the dominance component. El-Fesheikawy et al.(2012)
revealed that the magnitudes of dominance genetic
variance (c?D) were positive and larger than those of
additive genetic variance (c?A), for all studied yield and
yield component traits as well as fiber quality characters
These indicated the predominance of dominance genetic
variance (52D) in the inheritance ofthese traits. It could be
concludedthatfiber properties and yield components were
mainly controlled by dominance variance. Sorour et al.
(2013) found that dominance effects were important in the
inheritance of BW, SCY/P and NBJ/P traits. The additive
gene effects contribute the major portion of gene pool for
LY/P, L. % and Sl traits. Mahrous (2018) found that the
non-additive of genetic variance was larger than additive
genetic variance in all yielding ability traits and additive
genetic variance was higher than dominance ones for all
fiber quality traits.

Heritability:

Heritability in both broad and narrow senses for
combined analysis at three locations are presented in Table
(7). Results showed that broad sense heritability (h2, %)
estimates were higher than the corresponding values of
narrow sense heritability (h2, %) for all traits under study.
The highestbroad sense heritability was observed in case of
fiber fineness with values 0f92.31% and the lowest was for
boll weight with value of 19.77%, while for narrow sense
heritability, it ranged from 3.27% to 51.77% for No. of
bolls/plant and Fiber length, respectively. AL-Hibbiny
(2011) found that heritability value in broad sense was the
highest (97.47%) for fiber length (UHM) at the combined
data, while the lowest one (76.38%) was calculated for fiber
finenessatLoc.3. For narrow sense heritability estimates, the
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lowest value zero was detected for fiber length (UHM) and
micronaire reading at all locations and their combined data,
while the highestone (5.38%) was found for fiber strength at
Loc.l. EL-Fesheikawy et al. (2012) observed that
heritability values in broad sense (h2b.s. %) were larger than
their corresponding heritability values in narrow sense (h?

n.s. %) forall studied traits. Theresults alsocleared that the
calculated values in broad senseranged from99. 71 % to 99.
99 % for boll weight and uniformity index, respectively.
Narrowsense (h? n.s. %) ranged from 31.78 % for number
of bolls/plant to 35.12% for boll weight.

Table 7. Partitioning of the genetic variance and heritability estimates for yield, its components and fiber quality
properties for combined analysis at three locations.

Genetic parametersand heritability NB/P SCY/P  LY/P L. % BW Sl LI FL FS FL Ul
*GCA 0.89 34.47 8.11 0.15 0.0017 002 004 019 0.02 0.03 0.04
*SCA 896 117.23 26.38 0.14 00001 001 0.02 0.05 001 0.01 0.22
FA 178 6893 16.23 031 0.0034 0.04 0.08 037 0.03 0.06 007
oD 896 117.23 26.38 0.14 0.0001 0.01 0.02 005 001 0.01 022
(?D./cA)* 449 261 2.55 1.37 037 050 090 077 132 096 348
&G. 10.74 186.16 42.61 0.45 0.003 0.05 010 042 0.04 0.07 0.29
oE. 17.05 171.86 25.59 0.25 001 007 0.05 001 002 0.01 0.24
o’Ph 27.79 358.02 68.20 0.70 001 012 015 043 0.06 0.08 0.53
H?% 69.28 7549 8320 8051 19.77 58.22 7595 82.10 81.14 92.31 80.40
H?, 327 9.67 11.09 28.02 1743 34.17 41.81 51.77 29.49 48.00 6.12
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