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Abstract

The inheritance of most important economic characters, heterosis and combining ability were studied in six
interspecific (G. hirsutum L. x G. barbadnese L.) and three intraspecific hybrid combinations. There were found
different types of inheritance of productivity, boll weight and lint percentage and fiber length in the individual
crosses. The genetic variance for productivity and fiber length was mainly non-additive, while for lint percentage
it was additive. Although non-additive genetic variance prevailed for productivity and fiber length, only individual
crosses showed positive heterosis, outperforming the better parent. Of the female forms, the cultivar Helius was
identified as a very good general combiner for productivity. From the male forms the cultivar Ashkabat emerged
as a very good general combiner for productivity, boll weight and lint percentage. The cultivars Mytra (female),
Karshinski-2 and C-6037 (male) were determined as very good general combiners for fiber length. All these
cultivars, with the exception of C-6037, had low SCA variances, their high GCA was mainly due to additive
gene effects, and they were very suitable for synthetic selection. The cross Helius x Ashkabat was found to be
most valuable for the selection of productivity because of the highest mean performance and the highest level of
heterosis with high SCA effects. All intraspecific hybrids were found to be most promising for improving lint
percentage. The interspecific cross combinations Mytra x C-6037, Helius X C-6037 and Mytra x Karshinski-2,
having the longest fibers, the first two with high SCA effects were most valuable for fiber length improvement.
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INTRODUCTION
In Bulgaria also there are good soil and climatic

Cotton is the most important fiber crop in the
world, both in distribution area and economic im-
portance. Cotton fiber continues to be the most
sought-after raw material because of its irreplace-
able qualities as electroneutrality, hygroscopic-
ity and softness. In the European Union, cotton is
grown on larger areas only in two countries and
these are Greece and Spain. In the two countries,
cotton is grown under irrigated conditions and the
cultivars grown have a longer growing season, high
productivity and high fiber quality.

conditions for growing cotton, but at this stage the
cotton areas are very limited due to economic rea-
sons. The temperate continental climate suggests
normal development of cotton, which is currently
grown under non-irrigated conditions.

The basis of the modern Bulgarian varieties is
the local cotton, which represents a specific ecologi-
cal group (Proles Bulgaricum) of the G. hirsutum L.
species and it is distinguished by great early matu-
rity, but with a relatively short fiber (Bozhinov &
Dimitrova, 1974).
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Selection work with cotton in our country is
mainly aimed at increasing the productivity and fi-
ber quality while preserving early maturity.

In recent years, many new cotton varieties hav-
ing a complex of qualities valuable for cotton pro-
duction have been created: Denitsa, Philipopolis,
Sirius, Tsvetelina, Pirin, Perun (Valkova, 2014a;
2014b; 2017; Koleva & Valkova, 2019, 2023), Aida,
Anabel, Tiara and Melani (Dimitrova, 2022a;
2022b; 2023). All these varieties are early matur-
ing and high yielding, Anabel and Melani have im-
proved fiber quality characteristics. Most of these
varieties were obtained from intervarietal crosses,
Sirius and Tsvetelina were created by experimen-
tal mutagenesis, Aida, Tiara and Melani were the
result of remote hybridization combined with back-
cross technology.

A permanent task of cotton breeding in our coun-
try is to improve the fiber quality and to increase the
genetic potential for seed cotton and lint yield. In
addition, Bulgarian varieties must be well adapted
to the specific conditions of cotton growing in our
country, resistant to abiotic (especially drought in
the summer months) and biotic stress factors.

In the selection of cotton in our country, intraspe-
cific hybridization and experimental mutagenesis
are the main breeding methods for improving earli-
ness and productivity, interspecific hybridization of
G. hirsutum L. x G. barbadense L. and its combina-
tion with intraspecific G. hirsutum L. hybridization
is used to improve fiber quality. Research work has
begun to introduce and use the potential of molecu-
lar markers for faster and more efficient selection by
integrating classical breeding and biotechnological
approaches (Sabev et al., 2020). The classical breed-
ing methods of intra- and interspecific hybridiza-
tion continue to play an important role in the cotton
breeding in our country for transferring valuable
economic traits and fiber qualities, creating new ge-
netic diversity and new Bulgarian cotton varieties
(Dimitrova et al., 2022).

In the specialized literature diallel and line %
tester crosses and their respective analyses are used
for genetic analysis of quantitative traits. In cotton
breeding these analyses are also widely advocated.

Based on diallel analysis in intraspecific cross-
es Khan et al. (2011), Makhdoom (2011) and Khan
(2013) reported that seed cotton yield was more
strongly influenced by non-additive gene effects.
Khan & Hassan (2011) reported non-additive type
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of gene action for boll weight and in the studies of
Bolek et al. (2014), Khan et al. (2017) non-additive
gene effects were more important for fiber length.
Hosseini (2014) in a complete diallel cross (G. hir-
sutum L. x G. barbadebse L.) including 9 cotton
genotypes reported that in the F, generation the
most of traits were influenced by additive gene ac-
tion. Non-additive gene action in the inheritance of
lint percentage and fiber length was reported by Pa-
tel et al. (2014) (in interspecific G. hirsutum x G.
barbadebse hybrids), Bolek et al. (2014), Munir et
al. (2018), Roy et al. (2018) in intra- and interspe-
cific hybrids. Dimitrova et al. (2022) on the basis
of summarized results concluded that the genetic
control of productivity and its elements in the stud-
ied sets of genotypes included in diallel and line x
tester crosses was mainly non-additive. As for lint
percentage and fiber length both additive and non-
additive gene effects were important with predomi-
nance of non-additive gene action.

To establish the combining ability of paren-
tal forms many authors prefer diallel crosses, ac-
cording to others the line % tester method is much
more effective. According to Dabholkar (1992) the
line x tester method gives very useful information
about both maternal and paternal forms. Line X tes-
ter analysis provides information about combining
ability of parental forms and their F hybrids useful
for breeding programs (Shakeel et al., 2012, Ali et
al., 2013). Chapara & Madugula (2021) shared the
same opinion, according to them line x tester analy-
sis provides systematic approach for the detection of
appropriate parents and crosses in terms of investi-
gated traits.

The aim of this research was to study the inheri-
tance of most important economic traits related to
the productivity and fiber quality in intra- and inter-
specific hybrids of cotton; to evaluate the combin-
ing ability of parental forms and their perspective
as parental components for hybridization; to deter-
mine the type of gene action in connection with the
selection strategy and work with the hybrid genera-
tions.

MATERIAL AND METHODS

Six interspecific and three intraspecific F, cross-
es between three G. hirsutum L. cultivars - Helius,
Darmi (Bulgarian selection) and Mytra (Greek), used



as female parents, and three cultivars - Karshinski-2
and C-6037 (Uzbek) of the species G. barbadense
L. and Ashkabat (G. hirsutum L.), used as male par-
ents, were studied.

The experiment was carried out in the experi-
mental field of the Field Crops Institute in town of
Chirpan, on leached soil type, by the block meth-
od, in three replications. Each F, hybrid combina-
tion and parental forms were sown in 2 rows, 3 m
long, randomized, with a 60x20%1 sowing scheme.
Traditional cotton growing practices were applied
during the growing season. Ten plants of each rep-
licate were observed. The characters under study
were: productivity per plant; boll weight; mean fiber
length and fiber lint percentage.

The degree of dominance (d/a) was determined
(Ognyanova, 1975). Heterosis was calculated rela-
tive to the high parent HP = (F, — HP)/HP*100 (%),
where: HP — high (better) parent heterosis (%); HP
— high parent value; F, — mean value of F, hybrids.

Methodology of Savchenko (1984) was applied
to evaluate the general combining ability (GCA)
and specific combining ability (SCA). The crosses
sum of squares was divided into variation due to
females, variation due to males and variation due
to female x male interaction. The main effects of
females and males are equivalent to the GCA and of
female x male interaction represents the SCA.

RESULTS AND DISCUSSIONS

Of the female parents, the cultivar Helius had
the highest productivity per plant, while the cultivar
Mytra had the lowest (Table 1). The cultivar Mytra
under our climatic conditions was late in maturing
and did not realize its economic productivity. Of the
male parents, G. barbadense cultivars have real-
ized low productivity, for the cultivar C-6037 it was
very low, while Ashkabat (G. hirsutum) has realized
good productivity, leveling with Helius.

The degree of dominance (d/a) (Table 1) shows
that in the G. hirsutum x G. barbadense crosses the
productivity per plant was inherited overdominant-
ly (in 3 crosses), with partial and incomplete domi-
nance of more productive G. hirsutum parent and
only in one cross it was with partially dominance of
the lower productive G. hirsutum parent.

Of the interspecific crosses, the highest produc-
tivity per plant was found for the F, hybrids Helius

x Karshinski-2 and Helius x C-6037 showing over-
dominant inheritance and manifested heterotic ef-
fects, heterosis was 3.2% and 12.1%, respectively.
The inheritance of productivity was also overdomi-
nant in the cross combination Darmi % Karshins-
ki-2, expressing heterosis of 12.9%. Differences ob-
served in the degrees of dominance and heterosis
manifestations were determined by the genotype of
maternal components and their combining ability
with the paternal forms.

In intraspecific crosses with Ashkabat (G. hirsu-
tum) the inheritance of productivity per plant was
overdominant, with partially dominance of the low-
er parent and negative overdominance, depending
on the genotype of maternal forms and their com-
bining ability. The productivity per plant was the
highest in the intraspecific cross combination He-
lius X Ashkabat, showing positive overdominant in-
heritance and heterosis of 17.9%.

Patel et al. (2014) in interspecific crosses of the
two tetraploid species (G. hirsutum and G. bar-
badense) reported significant higher heterobeltiosis
(better parent heterosis) for seed cotton yield up to
35.49%. Positive mid parent heterosis for seed cot-
ton yield was reported by Adzare et al. (2017), Ra-
jeev et al. (2018).

G. barbadense cultivars had smaller boll weight
compared to those of the G. hirsutum species. In-
heritance of this trait was with partial dominance of
the higher G. hirsutum or the lower G. barbadense
parent and additively. In intraspecific crosses with
the cultivar Ashkabat the larger boll weight of the
maternal forms was inherited with positive over-
dominance (in two crosses) and incomplete domi-
nance. The cross combinations Helius x Ashkabat
and Mytra x Ashkabat showed heterosis of 6.0%
and 14.0% and had the largest boll weight of 5.3-
57 g.

G. barbadense cultivars had very low lint per-
centage. The inheritance of this trait in G. hirsu-
tum % G. barbadense F, hybrids was with partially
dominace of the lower or higher parent, depending
on the degree of difference between parental cul-
tivars of the two species, and this difference was
mainly determined by the genotype of the G. hir-
sutum cultivars (Table 2). In crosses with the Greek
cultivar Mytra, having the highest lint percentage of
the maternal forms, the lower G. barbadense par-
ent partially dominated and in those with the culti-
var Helius, having the lowest lint percentage of the
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Table 1. Inheritance and heterosis for productivity/plant and boll weight in F, intraspecific (G. hirsutum L.)
and interspecific (G. hirsutum L. x G. barbadense L.) cotton hybrids

Hybrid combination P, P, F, d/a Heterosis

Productivity/plant, g
Helius x Karshinski-2 15.7 12.0 16.2 1.27 103.2
Helius x C-6037 15.7 54 17.6 1.37 112.1
Helius x Ashkabat 15.7 16.2 19.1 12.60 117.9
Darmi x Karshinski-2 14.0 12.0 15.8 2.80 112.9
Darmi x C-6037 14.0 5.4 11.5 0.42 82.1
Darmi x Ashkabat 14.0 16.2 15.0 -0.09 92.6
Mytra x Karshinski-2 11.3 12.0 11.6 -0.14 96.7
Mytra x C-6037 11.3 5.4 11.2 0.97 99.1
Mytra x Ashkabat 11.3 16.2 10.0 -1.53 61.7
GD 5.0%;, 1.0%; 0.1% 1.8, 2.5; 3.2

Boll weight, g
Helius x Karshinski-2 5.0 32 4.2 0.11 84.0
Helius x C-6037 5.0 32 4.0 -0.11 80.0
Helius x Ashkabat 5.0 4.2 53 1.75 106.0
Darmi x Karshinski-2 5.0 32 4.0 -0.11 80.0
Darmi x C-6037 5.0 3.2 4.5 0.44 90.0
Darmi x Ashkabat 5.0 4.2 4.9 0.75 98.0
Mytra x Karshinski-2 5.0 32 4.2 0.11 84.0
Mytra x C-6037 5.0 32 4.1 0.00 82.0
Mytra x Ashkabat 5.0 4.2 5.7 2.75 114.0
GD 5.0%; 1.0%, 0.1% 0.4, 0.5; 0.7

P, — mean value of female parent; P, —mean value of male parent; F, —mean value of F hybrids; HP — better parent heterosis

(heterobeltiosis).

females, the higher parent partially dominated. In
the crosses with the cultivar Ashkabat the inheri-
tance of this trait was overdominant, with weaker
or stronger (3.1-4.3%) pronounced heterosis mani-
festations. Hybrids with this cultivar had the highest
lint percentage of 40.0-40.8%. Karademir & Gencer
(2010) reported the same level (5.52%) of heterosis
for this trait, but only in one cross.

Inheritance of fiber length in interspecific cross-
es was overdominant (in one cross), with partial or
incomplete dominance of the long-fibered G. bar-
badense parent and partial dominance of the lower
parent (in one cross), depending on the genotype of
parental forms of both species and their combining
ability (Table 2). The hybrids from the cross combi-
nations Mytra x C-6037, Helius x C-6037, showed
overdominant inheritance, and Mytra x Karshins-
ki-2 with incomplete dominant inheritance of the
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longer fiber of the cultivar Karshinski-2 outlined
with the longest fiber (32.9 — 34.5 mm).

In the intraspecific crosses with the cultivar Ash-
kabat, having short fiber, the inheritance of this trait
was overdominant however the hybrids had much
shorter fiber than that of the interspecific hybrids.
Heterosis in interspecific hybrids was most pro-
nounced in the cross combination Mytra x C-6037
(4.5%), in intraspecific hybrids it was 4.5 — 4.9%.

Coban et al. (2015) and Coban & Unay (2017)
in interspecific (G. hirsutum x G. barbadense)
crosses reported positive mid parent heterosis for
fiber length for all cross combinations from 2.05%
to 16.99%. Positive heterosis for fiber length in the
two tetraploid species hybridization was reported
by Bolek et al. (2014), Unay et al. (2018). Chapara &
Madugula (2021) reported heterosis in Upper Half
Mean Length (UHML) and mean length in line x



tester intraspecific crosses. Out of 20 hybrids evalu-
ated, 9 and 13 hybrids registered positive and signif-
icant standard heterosis respectively for UHML and
mean length, and the highest values were 21.34%
and 25.37%. Heterobeltiosis for UHML ranged
between 7.53 to 20.73%, significantly higher than
those found in our study.

The superiority of interspecific hybrids in fiber
length and the superiority of intraspecific hybrids in
lint percentage is evident.

Analysis of variance of combining ability re-
vealed significant differences in the GCA of ma-
ternal and paternal forms, and in the SCA, for pro-
ductivity per plant and fiber length (Table 3). This
means that additive and non-additive gene effects
were involved in the control of these two traits, and
that both maternal and paternal forms differed in
GCA and SCA. As for boll weight, only the vari-
ances of GCA of males were significant, while the
GCA of maternal forms and non-additive gene ef-

fects (SCA) were statistically non-significant. The
genetic differences between the crosses for this trait
were determined only by differences in the GCA of
paternal forms. For lint percentage the GCA effects
of males and non-additive gene effects (SCA) were
significant, the GCA effects of maternal forms were
non-significant.

The genetic variance components estimates for
productivity per plant were: o’ . =0.331 (at F=0,
.., =1.324; at F=1, o =0.662); o° . =1.093 (at
F=0, o°,.,=4.372; at F=1, o°,,,=1.093). The contri-
butions of ¢° ., and &° ., to the genetic variance re-
vealed that non-additive gene effects were of greater
importance for the inheritance of productivity per
plant. The results obtained are similar to those of
previous studies by Ahuja & Dhayal (2007), Basal
et al. (2009), Senthilkumar et al. (2010), Munir et al.
(2018), Coban & Unay (2017), Roy et al. (2018), who
also found predominance of non-additive gene ef-
fects for seed cotton yield applying the line x tester

Table 2. Inheritance and heterosis for lint percentage and fiber length in F, intraspecific (G. hirsutum L.) and
interspecific (G. hirsutum L. x G. barbadense L.) cotton hybrids

Hybrid combination P, P, F, d/a Heterosis

Lint percentage, %
Helius x Karshinski-2 36.7 34.9 36.3 0.56 98.9
Helius x C-6037 36.7 33.1 36.4 0.83 99.2
Helius x Ashkabat 36.7 39.1 40.3 2.00 103.1
Darmi x Karshinski-2 384 34.9 36.5 -0.09 95.1
Darmi x C-6037 38.4 33.1 36.4 0.25 94.8
Darmi x Ashkabat 384 39.1 40.8 5.86 104.3
Mytra x Karshinski-2 39.9 349 373 -0.04 93.5
Mytra x C-6037 39.9 33.1 35.8 -0.21 89.7
Mytra x Ashkabat 39.9 39.1 40.0 1.25 100.3
GD 5.0%; 1.0%, 0.1% 0.7, 0.9; 1.2

Fiber length, mm
Helius x Karshinski-2 25.8 33.6 30.6 0.23 91.1
Helius x C-6037 25.8 33.0 332 1.06 100.6
Helius x Ashkabat 25.8 26.5 27.8 4.71 104.9
Darmi x Karshinski-2 259 33.6 30.7 0.25 91.4
Darmi x C-6037 25.9 33.0 28.9 -0.15 87.6
Darmi x Ashkabat 25.9 26.5 27.5 4.33 103.8
Mytra x Karshinski-2 27.6 33.6 32.9 0.77 97.9
Mytra x C-6037 27.6 33.0 34.5 1.56 104.5
Mytra x Ashkabat 27.6 26.5 28.8 3.18 104.3
GD 5.0%;, 1.0%; 0.1% 1.4;1.9; 2.5
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Table 3. Analysis of combining ability variance for productivity/plant, boll weight, lint percentage and
fiber length in F| intraspecific (G. hirsutum L.) and interspecific (G. hirsutum L. X G. barbadense L.) cotton

hybrids
Source of variation g:gggisl of Sum of squares Mean square F-experienced
Productivity/plant, g

GCA - females 2 59.401 29.705 151.261"
GCA - males 2 2.145 1.073 5.462™
SCA 4 13.901 3.475 17.696™
Errors 9 0.196

0. ~0.331; 0% =1.093;
Variance components F=0.0°,=1.324; 0°,=4.372

F=1.0°,=0.662; 0°,=1.093

Boll weight, g
GCA - females 2 0.080 0.040 1.455
GCA - males 2 3.742 1.871 68.037"
SCA 4 0.142 0.035 1.293
Errors 9 0.027
Lint percentage, %

GCA - females 2 0.090 4.492 0.679
GCA - males 2 31.341 15.670 236.849"
SCA 4 1.860 0.465 7.029*
Errors 9 0.066

0’ ~0.205; 0° . =0.133
Variance components F=0.0° =0.820; ¢’ =0.532

F=1.0°=0.410; ¢’ =0.133

Fiber length. mm

GCA - females 2 13.702 6.851 35.510™
GCA - males 2 29.336 14.668 76.030™
SCA 4 7.499 1.875 9.720™
Errors 9 0.193

0°..,=0.247; 0% =0.561

Variance components

F=0. 0% =0.988; o°,=2.242

F=1. 0" =0.494; o°, =0.561

method in intra- and interspecific (G. hirsutum x G.
barbadense) crosses. Patel et al. (2014) found o° .,
> o’ indicating preponderance of additive gene
effects in inheritance of this trait.

The estimated components of genetic variance
for lint percentage and fiber length (Table 3) and
the ratio o° . /o’ ., reveal that additive gene effects
were of greater importance for the inheritance of
lint percentage, while non-additive gene action more
strongly influenced fiber length. Patel et al. (2014),

Bolek et al. (2014), Khan et al. (2017), Munir et al.
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(2017), Coban & Unay (2017), Roy et al. (2018) also
concluded that non-additive gene effects were more
important for fiber length, in intra- and interspecific
(G. hirsutum % G. barbadense) hybrids.

Results from the analysis show that additive and
non-additive genes controlled the variation in pro-
ductivity per plant, lint percentage and fiber length,
which is consistent with that reported by other au-
thors. Ashokkumar et al. (2010), Azam et al. (2013),
Linga et al. (2013), Memon et al. (2017) in line x
tester analyzes reported that both additive and non-



additive variances were important and involved in
the control of seed cotton yield and its components.
Non-additive gene effects were of greater impor-
tance and essential for the inheritance of productiv-
ity per plant and fiber length. The presence of non-
additive gene action in the expression of many traits
related to yield and fiber properties was reported by
Karademir et al. (2016), Sajjad et al. (2016), Memon
et al. (2017), Sivia et al. (2017) in line x tester analy-
ses in Upland Cotton (Gossypium hirsutum L.).

GCA effects for the studied traits are indicated
in Table 4. Of the maternal forms, the cultivar He-
lius had positive GCA for productivity per plant, the
cultivars Darmi and Mytra had positive but non-
significant GCA for boll weight. Of the paternal
forms, the cultivar Ashkabat had positive GCA for
productivity per plant and for boll weight. The cul-
tivar Karshinski-2 had positive, but non-significant,
GCA for productivity per plant, and negative GCA
for boll weight, the cultivar C-6037 possessed nega-
tive GCA for both traits.

GCA is determined by additive genes and it can
be considered, of the maternal forms, the cultivar

Helius possessed the most additive genes for pro-
ductivity per plant and of the paternal forms the cul-
tivar Ashkabat possessed the most additive genes
for productivity per plant and for boll weight.

Of the maternal forms, the cultivars Helius and
Mytra had positive, but non-significant, GCA for
lint percentage. Of the paternal forms, the cultivar
Ashkabat had positive and significant GCA for this
trait. The cultivar Darmi of the females and the two
G. barbadense cultivars of the males had negative
GCA for lint percentage.

Of the females, the cultivar Mytra showed posi-
tive GCA for fiber length, of the males, the G. bar-
badense cultivars Karshinski-2 and C-6037 had
high and positive GCA for this trait. The cultivars
Helius and Darmi of the maternal forms and the
cultivar Ashkabat from the males exhibited nega-
tive GCA for fiber length.

From the evaluations of the GCA effects it fol-
lows that the parental forms had different mani-
festation of GCA for fiber length and lint percent-
age. With a positive GCA for the fiber length they
showed negative GCA for lint percentage and vice

Table 4. Evaluation of GCA effects for productivity/plant, boll weight, lint percentage and fiber length in F,
intra- and interspecific G. hirsutum L. x G. barbadense L. cotton hybrids

Females GCA Males GCA
Productivity/plant

Helius 3.267 Karshinski-2 0.178
Darmi -0.255 C-6037 -0.667
Mytra -3.011 Ashkabat 0.489
Standard error 0.362 0.362
Boll weight

Helius -0.133 Karshinski-2 -0.489
Darmi 0.067 C-6037 -0.042
Mytra 0.067 Ashkabat 0.911
Standard error 0.135 0.135
Lint percentage

Helius 0.059 Karshinski-2 -1.230
Darmi -0.141 C-6037 -1.407
Mytra 0.081 Ashkabat 2.637
Standard error 0.210 0.210
Fiber length

Helius -0.022 Karshinski-2 0.855
Darmi -1.500 C-6037 1.655
Mytra 1.520 Ashkabat -2.511
Standard error 0.359 0.359
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versa. These contradictory trends in GCA for the
two traits are due to the complex genetic relation-
ship between them. Exceptions were the cultivars
Mytra showing positive GCA (non-significant for
lint percentage) and Darmi showing negative GCA
(non-significant for lint percentage) for both traits.
Patel et al. (2014) concluded that in general G. hirsu-
tum parents had good general combining ability for
yield and yield components while G. barbadense
parents were found to be good general combiners
for fibre quality traits, which is consistent with the
results of this study.

Some of the parental forms were emerging as
very good general combiners for two and three
traits: the cultivar Helius had positive GCA for pro-
ductivity/plant and lint percentage (non-significant);
the cultivar Mytra showed positive GCA for lint
percentage (non-significant) and fiber length and
the cultivar Ashkabat showed positive GCA for pro-
ductivity/plant (non-significant), boll weight and lint
percentage.

Given that the GCA effects are determined by
additive genes, parental forms showing positive
GCA for two and three traits had additive genes for
these traits and therefore they have great selection
value and should be used with preference in selec-
tion programs.

Jatoi et al. (2011) concluded that GCA is impor-
tant for breeding programs for selection of paren-
tal cultivars for hybridization, SCA is important for
heterosis selection for the use of heterosis.

The SCA effects are given in Table 5. Six cross-
es showed SCA effects (significant in 4 crosses) for
productivity per plant. It is considered that dominant
and epistatic interactions occurred in these crosses.
The cross combinations Darmi x Karshinsky-2,
Helius x Ashkabat, (exceeding the more produc-
tive parent) and Mytra x C-6037 (above the mean
of both parents) had the highest SCA effects for
productivity per plant. The parental forms (the cul-
tivars Helius and Ashkabat) having high GCA for
productivity per plant had low SCA variances (s*,
s?) and are not recommended for obtaining high-
heterosis hybrids. These varieties are suitable for
synthetic selection.

Positive SCA for lint percentage was found in
crosses Mytra x Karshinski-2, Helius x C-6037
(non-significant) and Darmi x C-6037 and for fiber
length in crosses Darmi x Karshinski-2, Helius x
C-6037, Mytra x C-6037 and Darmi x Ashkabat.

44

The hybrids of last two crosses were superior in
fiber length to better parent exhibiting heterobelti-
osis of 4.3-4.5%. The parental forms Helius with
positive GCA and Ashkabat with high GCA for
lint percentage had low variances of SCA, which
makes them suitable for synthetic selection, while
the cultivar Mytra having positive GCA and high
variance of SCA is more suitable for heterosis se-
lection.

The cultivars Mytra and Karshinski-2 with high
GCA for fiber length had low variances of SCA,
their high GCA was mainly determined by additive
gene effects. It can be considered that these parental
forms persistently transmitted their longer fiber in
all hybrid progenies. They are not suitable for cre-
ating high-heterosis hybrid populations, but can be
used successfully in hybridization as parental com-
ponents. The cultivar C-6037 having high GCA had
high SCA variance, and its high GCA was due to
both additive and non-additive gene actions and in-
teractions.

The crosses Mytra x Karshinski-2 and Darmi x
Karshinski-2 showed positive SCA effects for two
traits, the first cross for productivity per plant and
lint percentage, while the second one for productiv-
ity per plant and fiber length.

The crosses Helius x C-6037 and Darmi % Ash-
kabat had positive SCA effects for three traits (pro-
ductivity/plant, lint percentage and fiber length),
which makes them very valuable for heterosis se-
lection. The cultivars having positive GCA and
high variances of SCA, suitable for heterosis selec-
tion, were: Karshinski 2 - for productivity/plant;
Mytra — for lint percentage; C-6037 — for fiber
length.

The results obtained show that additive and
non-additive gene effects were involved in the in-
heritance of productivity per plant and fiber length,
but non-additive gene effects were more important
because the variance of SCA were higher than the
variance of GCA. Although non-additive variance
predominated (for both traits), only individual
crosses showed heterosis, outperforming the better
parent. Low levels of heterosis were observed for
both traits. For this reason, synthetic populations
are of greater importance. Thus, cultivars having
positive and high GCA and low or high variances
of SCA (the cultivar C-6037 for fiber length) could
be used as donors in synthetic selection to increase
productivity and improve fiber length.



Table 5. Estimation of SCA effects () and variances (o°s;; stj) for productivity/plant, boll weight, lint

percentage and fiber length in F| intra- and interspecific G. hirsutum L. X G. barbadense L. cotton hybrids

2

Females/Males Karshinski-2 C-6037 Ashkabat o’

Productivity/plant

Helius -1.311 0.633 0.978 1.889

Darmi 1.544 -1.944 0.400 3.076

Mytra 0.067 1.311 -1.378 1.724
MD=0.362

o’ 2.405 2.863 1.419

Boll weight

Helius 0.156 -0.044 -0.111 0.007

Darmi -0.178 0.189 -0.011 0.021

Mytra 0.022 -0.144 0.122 0.006
MD=0.135

o’ 0.016 0.017 0.015

Lint percentage

Helius -0.159 0.152 0.007 -0.005

Darmi -0.693 0.319 0.374 0.331

Mytra 0.852 -0.470 -0.381 0.517
MD =0.210

o’y 0.586 0.143 0.113

Fiber length

Helius -0.778 0.989 -0.211 0.728

Darmi 0.800 -1.768 0.967 2.262

Mytra -0.022 0.778 -0755 0.502
MD=0.359

o’ 0.537 2.266 0.689

CONCLUSIONS

In the studied intraspecific and interspecific hy-
brids different types of inheritance of productivity
per plant, boll weight and lint percentage and fiber
length were observed. Low-level heterosis manifes-
tations were found for all studied traits in individual
crosses.

Genetic variance for productivity per plant and
fiber length was mainly non-additive, for lint per-
centage it was additive.

The cultivar Ashkabat, from the male parents,
has emerged as a very good general combiner for
productivity per plant, boll weight and lint percent-
age having high GCA for these traits. The cultivar
Helius was found as a very good general combiner
for productivity per plant, it showed high mean per-
formance and high GCA. The cultivar Mytra, from

the female parents, Karshinski-2 and C-6037 from
the males, were identified as very good general com-
biners for fibre length. The use of these cultivars as
parents in intraspecific and interspecific crosses will
help to increase the productivity, lint percentage and
fiber length of hybrids.

The cross combination Helius x Ashkabat hav-
ing high SCA and the highest heterosis appears to
be very valuable for the selection of productivity.
Both parental forms had high productivity, high
GCA and low variances of SCA and are very suit-
able for synthetic selection.

The intraspecific hybrids Helius x Ashkabat,
Darmi x Ashkabat and Mytra x Ashkabat exhibit-
ed heterosis for lint percentage and high mean level
can be used in breeding programs to improve this
trait.

45



The interspecific hybrids Mytra x C-6037, He-
lius x C-6037 and Mytra x Karshinski-2 having
the longest fiber, the first two high SCA effects, are
most valuable for fiber length improvement. The
cultivar Mytra had high GCA and low variances of
SCA and it is suitable for synthetic selection, while
the cultivar C-6037 had high GCA and high vari-
ances of SCA and it is suitable for synthetic and het-
erosis selection.

REFERENCES

Adsare, A. D., Salve, A. N. & Patil, N. P. (2017). Heterosis
studies for quantitative traits in interspecific hybrids of
cotton (G hirsutum L. x G barbadense L.). Journal of
Phytology 9(1), 11-14.

Ahuja, S. L. & Dhayal, L. S. (2007). Combining abil-
ity estimates for yield and fibre quality traits in 4x4
linextester crosses of Gossypium hirsutum L. Euphytica.
153, 87-98.

Ali, Q., Ahsan, M., Ali, F., Aslam, M., Khan, N. H.,
Munzoor, M., Mustafa, H. S. B. & Muhammad, S.
(2013). Heritability, heterosis and heterobeltiosis stud-
ies for morphological traits of maize (Zea mays L.)
seedlings. Adv. life sci., 1(1), 52-63.

Ashokkumar, K., Ravikesavan, R. & Prince, K. S. J.
(2010). Combining ability estimates for yield and fiber
quality traits in line x tester crosses of upland cotton
(Gossypium hirsutum L.) Int. J. Biol., 2(1), 179-183.

Azam, S., Samiullah, T.R., Yasmeen, A., ud Din, S.,
Igbal, A., Rao, A.Q., ... & Husnain, T. (2013). Dissem-
ination of Bt cotton in cotton growing belt of Pakistan.
Advancements in Life Sciences, 1(1), 18-26.

Basal, H., Unay, A., Canavar, O. & Yavas, 1. (2009).
Combining ability for fiber quality parameters and
within-boll yield components in intra- and inter-specific
cotton populations. Span J. Agric. Res., 7(2), 364-374.

Bolek, Y., Cokkizgin, H. & Bardak, A. (2014). Genetic
Analysis of Fiber Traits in Cotton. KSU J. Nat. Sci.,
17(1), 15-20.

Bozhinov, M. & Dimitrova, L. (1974). The Bulgarian
cotton - a specific ecological group of the species G.
hirsutum L. Selskostopanski nauki, Ne 1, 43-48 (Bg)

Chapara, R. & Madugula, S. (2021). Heterosis for Seed
Fibre Quality Traits Cotton (Gossypium hirsutum L.). J
Forest Res. 10(3):253.

Coban, M. & Unay, A. (2017). Gene action and useful
heterosis in interspecific cotton crosses (G hirsutum L.
x G barbadense L.). Journal of Agricultural Sciences
4(23), 438-443.

Coban, M., Unay, A., Cifci, H. & ilhan, B. (2015). Effects
of Interspecific Hybridization on Cotton (Gossypium
hirsutum L. X Gossypium barbadense L.). October 2015,
Conference: ICAC 12th Inter-Regional Cooperative

46

Research Network on Cotton for the Mediterranean and
Middle East Regions At: Egypt

Dabholkar, A.R. (1992) Elements of biometrical genetics.
Concept Publishing Company, New Delhi, India. ISBN
8170223008, 9788170223009, pp 431

Dimitrova, V. (2022a). A new cotton variety Aida. Bulgar-
ian Journal of Crop Science, 59(1), 43-50

Dimitrova, V. (2022b). Anabel —a new cotton variety. Bul-
garian Journal of Crop Science, 59(4), 56-63.

Dimitrova, V. (2023). Agronomic performance and fiber
quality of the new cotton varieties Tiara and Melani.
Bulg. J. Acric. Sci., (in press)

Dimitrova, V., Valkova, N., Koleva, M. & Nedyalkova, S.
(2022). Directions and achievements of cotton breeding
In Bulgaria. Proceedings of IV International Agricul-
tural, Biological & Life Science Conference, Edirne,
Turkey, 29-31 August 2022, 865-882

Hosseini, G. H. (2014). Estimation of genetic parameters
for quantitative and qualitative traits in cotton cultivars
(Gossypium hirsutum L. & Gossypium barbadense 1.)
and new scaling test of additive— dominance model.
Journal of Plant Molecular Breeding (JPMB) 2(1),
45-63.

Jatoi, W. A., Baloch, M. J., Veesar, N. F. & Panhwar, S.
A. (2011). Combining ability estimates from line x tester
analysis for yield and yield components in upland cotton
genotypes. J. Agric. Res., 49(2), 165-172

Karademir, E., Karademir, C. & Basal, H. (2016) Com-
bining Ability and Line x Tester Analysis on Heat Toler-
ance in Cotton (Gossypium hirsutum L.) Indian Journal
of Natural Sciences, 6(34), 10515-10525.

Karademir, E. & Gencer, O. (2010). Combining ability and
heterosis for yield and fiber quality properties in cotton
(G. hirsutum L.) obtained by half diallel mating design.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca,
38(1), 222 - 227.

Khan, N. U. (2013). Diallel analysis of cotton leaf curl virus
(CLCuV) disease, earliness, yield and fiber traits under
CLCuV infestation in upland cotton. Aust. J. Crop Sci.,
7(12), 1955-1966.

Khan, N. & Hassan, G. (2011) Genetic effects on morphol-
ogy and yield of cotton (Gossypium hirsutum L.). Span-
ish Journal of Agricultural Research, 9(2), 460-472.

Khan, S.A., Khan, N.U., Mohammad, F., Ahmad, M.,
Khan, I.A., Bibi, Z. & Khan, I.U. (2011). Combining
ability analysis in intraspecific F, diallel cross of upland
cotton. Pak. J. Bot., 43(3), 1719-1723.

Khan, A.M., Fiaz, S., Bashir, I.., Ali, S., Afzal, M.,
Kettener, K., Mahmood, N. & Manzoor, M. (2017).
Estimation of Genetic Effects Controlling Different
Plant Traits in Cotton (Gossypium hirsutum L.) Under
CLCuV Epidemic Condition. Cercetdari Agronomice in
Moldova, Vol. L, No. 1(169), 47-56.

Koleva, M. & Valkova, N. (2019). “Tsvetelina” - new
high yielding variety of cotton. Field Crops Studies,

12(1), 93-102, http:/fcs.dai-gt.org/bg/



Koleva, M. & Valkova, N. (2023). Characteristics of the
new cotton varieties Pirin and Perun. Bulgarian Journal
of Crop Science, 60(1), 69-77.

Linga, M., Gopinath, M. & K. Gopala Krishna Murthy.
(2013). Line x Tester Analysis for Yield and Yield At-
tributes in upland Cotton (Gossypium hirsutum L.) Helix
Vol. 5, 378-382.

Makhdoom, K. (2011). Combining ability estimates
through line x tester analysis and heritability in upland
cotton. M.Sc (Hons.) Thesis, Khyber Pakhtunkhwa
Agril. Univ. Peshawar, Pakistan.

Memon, Sh., Jatoi, W.A., Khanzada, S., Kamboh, N.
& Rajput, L. (2017). Line x Tester Analysis for Earli-
ness Yield and Yield Contributing Traits in Gossypium
hirsutum L. Journal of Basic & Applied Sciences, 13,
287-292

Munir, S., Qureshi, M.K., Shahzad, A.N., Manzoor, H.,
Shahzad, M.A., Aslam, K. & Athar, H. (2018). Assess-
ment of gene action and combining ability for fibre and
yield contributing trais in interspecific and intraspecific
hybrids of cotton. Czech J. Genet. Plant Breed. 54(2),
71-77; doi: 10.17221/54/2017-CJGPB

Ognyanova, A. (1975). Elements of Biometric Genetics.
Biometric methods in plant breeding, genetics and se-
lection. Zemizdat, Sofia, 216-304 (Bg)

Patel, D. H., Patel, D. U., & Kumar, V. (2014). Hetero-
sis and combining ability analysis in tetraploid cotton
(G.hirsutum L. and G.barbadense L.). Electronic J.
Plant Breed. 5(3), 408-414.

Rajeev, S., Patil, S. S., Manjula, S. M., Pranesh, K. J.,
Srivalli, P., & Kencharaddi, H. G. (2018). Studies on
heterosis in cotton interspecific heterotic group hybrids
(G.hirsutum x G.barbadense) for seed cotton yield and its
components./nt.J.Curr.Microbiol. App.Sci. 7(10): 3437-
3451. doi: https://doi.org/10.20546/ijcmas.2018.710.399

Roy, U., Paloti, M. C., Patil, R. S., & Katageri, I. S.
(2018). Combining ability analysis for yield and yield
attributing traits in interspecific (G hirsutum L. x G
barbadense L) Hybrids of Cotton. Electronic Journal of
Plant Breeding 9(2), 458-464.

Sabev, P., Valkova, N., & Todorovska, E. (2020). Mo-
lecular markers and their application in cotton breeding:
progress and future perspectives. Bulg. J. Agric. Sci.,
26(4), 816-828

Sajjad, M., Azhar, M. T., & ul Malook, S. (2016) Line x
tester analysis for different yield and its attributed traits
in Upland Cotton (Gossypium hirsutum L.) Agric. Biol.
J.N. Am., 7(4), 163-172.

Savchenko, V. K. (1984). Genetic analisis in netlike test
crosses. “Science and Technic” Minsk (Ru).

Senthilkumar, R., Ravikesavan, R., Punitha, D., &
Rajarathinam, S. (2010). Genetic analysis in cotton.
Electronic Journal of Plant Breeding, Coimbatore: In-
dian Society of Plant Breeders, 1(4), 846-851.

Shakeel, A., Ahmad, S. Naeem, M., Tahir, M. H. N.,
Saleem, M. F., Freed, S., & Nazeer, W. (2012). Evalua-
tion of Gossypium hirsutum L. genotypes for combining
ability studies of yield and quality traits. Igdir Univ. J.
Inst. Sci. and Tech. 2, 67-74.

Sivia, S. S., Siwach, S. S., Sangwan, O., Lingaraja, L., &
Vekariya, R. D. (2017). Combining Ability Estimates
for Yield Traits in Line x Tester Crosses of Upland Cot-
ton (Gossypium hirsutum). Int. J. Pure App. Biosci. 5(1),
464-474. doi: http://dx.doi.org/10.18782/2320-7051.2462

Unay, A., Altintas, D., & Coban, M. (2018). The determi-
nation of leaf anatomy, yield and quality characteristics
in F| and F, generations of interspecific cotton hybrids
(Gossypium  hirsutum L. x Gossypium barbadense
L.). Turk J Field Crops, 23(2), 146-150 DOI: 10.17557/
tjfc.433651

Valkova, N. (2014a). ,,Denitsa“ - a new high-yielding cotton
variety. Field Crop Studies, 9(2), 227-232 (Bg).

Valkova, N. (2014b). Characteristics of “Philipopolis”
cotton variety. Jubilee Scientific Conference, 90 years
Maize Institute, Kneja. Proceedings “Selection and
Genetic and Technological Innovations in Cultivation
of Cultural Plants” (Bg), September 10-11, 2014, Kneja,
206-214 (Bg).

Valkova, N. (2017). New cotton variety Sirius. Bulgarian
Journal of Crop Science, 54(1), 40-45 (Bg).

Received: August, 23, 2023; Approved: September, 18, 2023; Published: December, 2023

47



