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Abstract. The study aimed to calculate the general combining ability of winter bread wheat varieties
as maternal and paternal components for the main morphological and productive traits of the ear, to
determine the level of variability of these traits and to identify promising genotypes for use in breeding
programmes. In the study, F, hybrids of soft winter wheat obtained by crossing six varieties according
to the full diaphyletic scheme were studied. The hybrids were evaluated based on the main indicators
of ear productivity: length of the ear rod, weight of the ear, number of ears and grains in the ear, and
weight of grains. To determine the general combining ability (GCA) of hybrids, a methodology was used
that involves the evaluation of each variety as a mother and father component. Moreover, the index
of phenotypic dominance of traits was determined to assess the inheritance of productivity and its
structural elements. Significant variability in £, hybrids in terms of ear productivity was found.The highest
rates of GCA as a maternal component were observed in the varieties Katrusia Poliska and Svitanok
Myronivskyi,and as a paternal component in Myronivska 808, Nezabudka, and Svitanok Myronivskyi. For
most hybrids, partial or complete dominance of individual traits was observed, indicating the influence
of dominant genes on their formation.The calculation of the index of phenotypic dominance shows that
for most hybrids, the index ranged from 0 to 1, which confirms partial dominance with the advantage
of the best parental forms. The highest values of ear weight dominance were found in the following
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combinations: Katrusia Poliska x Nezabudka, Myronivska 808 x Vodohrai, Katrusia Poliska x Myronivska
808. The results of the study indicate that the use of different varieties of soft winter wheat for
crosses can provide promising hybrids with improved ear productivity. Observations of the inheritance
of productive traits confirmed that partial and complete dominance are typical for most hybrids

Keywords: combinational ability; degree of phenotypic dominance; hybrid combination; parental

components; inheritance; spikelet structure

Introduction

Ear traits are central in wheat yield formation,
as their morphology and productivity determine
the main elements of the yield structure. In the
context of an unstable climate, declining natural
soil fertility and growing demand for high-qual-
ity grain, the study of intraspecific variability and
breeding potential of new hybrids is of particular
importance. Indicators related to the structure
of the ear, the amount and weight of grain are
critical for assessing the adaptability of varieties,
their plasticity and efficiency under different ag-
ricultural-environmental stresses. Therefore, a
systematic analysis of these traits is a reasonable
approach to the selection of breeding material
aimed at increasing crop productivity.

According to the State Statistics Service of
Ukraine, the area under wheat in Ukraine was
growing until 2021, when it reached 7095 thou-
sand hectares. However, after the outbreak of
hostilities in the country, there was a significant
reduction in these areas, and as of 2023, they
amounted to only 4665 thousand hectares (State
Statistics Service of Ukraine, n.d.). Given this, one
of the ways to increase grain production is to de-
velop new high-yielding winter wheat varieties.

The development of winter wheat varieties
with high productive potential and universal use
isan important area of breeding.In this regard,one
of the most urgent problems is to determine the
morphologicaland physiological parameters most
closely related to the high level of winter wheat
productivity. Studies have shown that important
parameters that affect productivity are such char-
acteristics as the length of the ear rod, the num-
ber of ears and grains in the ear,and the weight of
grain per ear. H.S. Koliucha et al. (2016) analysed

the use of representatives of the genus Aegilops
as a source of resistance traits to major foliar dis-
eases and grain quality for breeding soft winter
wheat. The study emphasises the importance of
wild relatives of cultivated cereals in the forma-
tion of immunity against pathogens, in the con-
text of increasing biotic stress, which determines
the research relevance for breeding programmes
aimed at improving the resistance of varieties.

V.D. Tromsyuk & V.D. Bugayov (2021) in the
research on winter triticale emphasised the im-
portance of preliminary evaluation of parental
forms in the development of high-yielding vari-
eties, by studying the manifestation of heterosis
and the nature of inheritance of the main produc-
tivity traits. The use of diallel analysis identified
hybrid combinations with high performance for
such traits as productive bushiness, number of
grains per ear and grain weight per plant.

I. Havryliuk & H. Kovalyshyna (2024) evalu-
ated soft winter wheat varieties by yield struc-
ture and grain quality indicators. The authors
analysed the elements of productivity (number
of ears, grains, weight of 1000 grains) that de-
termine the yield potential of the variety. The
study highlighted the importance of a compre-
hensive assessment of the morphological and
qualitative traits of the ear to develop high-per-
formance forms with improved baking proper-
ties. M.M. Kamara et al. (2022) investigated the
genetic potential and models of inheritance of
physiological, agronomic and quality traits of
bread wheat under conditions of normal moisture
and water deficit. The authors noted a significant
influence of genotype on the manifestation of
traits such as ear length, number of grains and
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total productivity. The study determined that
under stressful conditions, the heritability of
some trait changes, which requires a differenti-
ated approach to breeding in a changing climate.

In modern research on soft winter wheat
breeding, the development of high-yielding vari-
eties adapted to changing climate conditions are
prioritised. One of the most important areas is the
study of morphological and productive traits of
the ear, which have the greatest impact on yield
formation. Scientists K. Din et al. (2021) demon-
strated the importance of such indicators as the
length of the ear rod, the number of ears per ear,
the number of grains per ear, and the weight of
grains, which directly correlate with the level
of productivity. V.T. Kolyuchyi et al. (2007) and
N.M. Bunyak (2023) emphasised the importance
of morphological and physiological traits as indi-
cators of wheat productivity potential. They em-
phasised that to develop high-yielding wheat va-
rieties, it is necessary to consider not only general
agronomic characteristics, but also a deep under-
standing of the heritability of these traits. They
also noted that the development of new varieties
requires an integrated approach that includes the
use of adaptive resources, such as resistance to
adverse environmental factors.

0.0. Filitska (2022) highlighted the prospects
for improving wheat genotypes by increasing the
potential and actual productivity of the ear, by
studying the characteristics of the ear rod and
the number of ears per ear. The study emphasised
the importance of studying the physiology of the
ear, as this organ has the greatest impact on yield
formation. Furthermore, the length of the spikelet
and the number of spikelets in the ear significant-
ly affect the grain weight, which is an important
criterion for breeding work. The search for ge-
netic features of inheritance of these traits is an
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important part of modern breeding. S. El Hanafi et
al. (2022) determined that the assessment of the
general combining ability of £, hybrids improves
the accuracy of the determination of the prospects
of crossesto obtainvarieties with high productivity.

Thus, numerous studies confirm the impor-
tance of an in-depth study of morphological and
productive traits of winter durum wheat ears. This
can be used to develop new varieties with high
productivity levels, which is highly relevant for
ensuring food security in the face of global cli-
mate change and geopolitical challenges.

The study aimed to investigate the general
combining ability of F, winter wheat hybrids in
terms of yield structure,in particular,ear length,ear
weight, number of ears per ear, number of grains
per ear and weight of grains per ear. The study as-
sessed the genetic features of inheritance of these
traits in hybrid combinations,analysing phenotypic
dominance for increasing productivity and breed-
ing improvement of winter soft wheat varieties.

Materials and Methods

The study of F, winter soft wheat hybrids was
conducted in the 2023/24 growing season in
two locations: on the breeding fields of the Na-
tional Research Centre “Institute of Agriculture
of the National Academy of Agrarian Sciences
of Ukraine” and the Production Unit ‘Agronomic
Research Station” of the National University of
Life and Environmental Sciences of Ukraine. The
study complied with the standards set out in the
Convention on Biological Diversity (1992). The
crosses were conducted between 6 winter wheat
varieties (Nezabudka, Myronivska 808, Svitanok
Myronivskyi, Sonata Odesa, Vodohrai and Katrusia
Poliska) in a full diallel scheme on the breeding
fields of the National Research Centre “Institute
of Agriculture of NAAS of Ukraine” (Table 1).

Table 1. Crossing of soft winter wheat varieties according to the full diaphyletic scheme

Mironovskaya Svitanok Sonata . Katrusia

Nezabudka 808 Myronivskyi Odesa Vodohrai Poliska
Nezabudka - + + + + +
Mironovskaya 808 + - + + + +
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Table 1. Continued

Mironovskaya Svitanok Sonata . Katrusia

Nezabudka 808 Y Myronivskyi Odesa Vodohrai Poliska
Svitanok Myronivskyi + + - + + +
Sonata Odesa + + + - + +
Vodohrai + + + + - +
Katrusia Poliska + + + + -

Source: compiled by the authors based on research

To evaluate F, hybrids of soft winter wheat by
the main indicators of ear productivity, the meth-
od of determining the general combining ability
(GCA) was used. The hybrids were evaluated by
the following parameters: length of the ear rod
(cm), weight of the ear (g), number of ears per ear
(pcs.), number of grains per ear (pcs.) and weight
of grains per ear (g). The index of phenotypic
dominance of traits (h) was used to determine
the inheritance of productivity and its structural
elements in the first generation of winter bread
wheat hybrids. The dominance index was deter-
mined by the formula (Griffing, 1950):

F1—Ppi

h - Pmtlx_r;:;n’ (1)
F, — average value of the trait in the hybrid gen-
eration; P_ - average value of the trait in the pa-
rental form with the higher index; P_. - average
value of the trait in the parental form with the
lower index. This approach, based on modern ge-
netic evaluation methods (Spriazhka & Zhemoi-
da, 2022), can accurately determine the potential
of hybrids to express productivity traits under dif-
ferent growing conditions and justify their use in
the breeding process. The results were interpret-
ed as follows (Beil & Atkins, 1965):

15

12
11 9 g 11 9109

5

h=0 - absence of dominance (AD) - additive
effect of genes;

0<h<1 - partial dominance (PD);

h=1 - complete dominance (CD);

h>1 - superdominance (SD);

h<0 - negative dominance (ND) - hybrid in-
ferior to parents.

Each variety was evaluated for its general
combining ability as a mother and father compo-
nent.Observations and records were made follow-
ing generally accepted methods (Tkachyk, 2016).

Results and Discussion

The degree of phenotypic dominance of traits.
The distribution of F, winter wheat hybrids by
the degree of phenotypic dominance (h) indicates
the predominance of superdominance for most
of the studied traits, which indicates a significant
effect of heterosis (Fig. 1). The largest number of
hybrids with the manifestation of dominance was
observed for ear weight (15 hybrids) and grain
weight per ear (12 hybrids), which indicates the
important role of dominant alleles in the control
of productive traits and their high breeding value.
A similar trend was observed for the length of the
ear spike, where 11 hybrid combinations demon-
strated superdominance.

Length of the spike
4 4 © 4 Earweight

3 oloo 10010 0 m Number of grains in an ear
I I Number of grains in an ear
- | Grain weight per ear
SD FD PD AD ND

Figure 1. Distribution of first-generation winter soft wheat hybrids by h
Note: SD - superdominance; FD - full dominance; PD - partial dominance; AD - absence of dominance - additive

gene action; ND - negative dominance
Source: compiled by the author based on research
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Partial dominance, characterised by a rela-
tively weak expression of dominant alleles, was
common among hybrids for ear length (11 cases),
number of ears per ear (9), weight per ear (9) and
number of grains per ear (10). This indicates the
intermediate nature of the inheritance of these
traits, which can complicate the selection process
in the early stages. Complete dominance of traits
was less common. The analysis detected in three
F, hybrids for the length of the spikelet and some
cases, for the number of spikelets per ear. The ab-
sence of dominance was recorded only in 2 hybrid
combinations.

Negative dominance, in which hybrid combi-
nations are inferior to both parental forms, was
recorded in four to six hybrids, depending on the
trait. Most of these cases were observed for the
number of grains per ear (6 hybrids) and ear weight
(4 hybrids). According to K. Din et al. (2021), who
conducted a line x tester combining ability anal-
ysis in hybrid populations of winter bread wheat
to assess genetic differences, inheritance of val-
uable economic traits, and determine heritability
traits, the analysis determined that most of the
studied traits are controlled by dominant genes.
The obtained values of the degree of dominance
indicated the predominance of non-additive gene
action, therefore, the authors concluded that the
selection of promising populations should be
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postponed until the next segregating generations
to achieve greater breeding efficiency.

Thus, based on the weight of the ear, the
trait was observed to be superdominant in most
hybrids; based on the length of the ear and the
number of spikelets in the ear, the trait was super-
dominant and partially dominant; based on the
number of grains in the ear, the trait was mostly
partially dominant; and based on the weight of
the grains in the ear, the trait was superdominant.
D.E. Qulmamatova et al. (2022), determining the
genetic potential of spring durum wheat (Triticum
aestivum L.) populations of first and subsequent
generations of hybrids for yield traits, also found
that the number of grains and grain weight per
ear are inherited by the type of gene action, su-
perdominance in F, hybrids.

In the study of the degree of phenotypic
dominance (h) in hybrid combinations of soft win-
ter wheat, significant variability in the inheritance
of the studied traits was observed (Table 2). The
highest values of superdominance (h > 1) were
found for ear weight in the following combina-
tions: Katrusya Poliska x Nezabudka (h = 17.6,
Fig. 2), Mironivska 808 x Vodograi (h=7.5) and
Katrusya Poliska x Mironivska 808 (h=5.8). This
indicates a high potential for heterosis and the
possibility of using these hybrids in breeding to
increase productivity.

Table 2. The degree of phenotypic dominance in F, hybrids

The degree of phenotypic dominance (h) by

Hybrid combination Tfthe carweight spikeletsin grainein  arains per
spikelet an ear an ear ear
Nezabudka x Mironovskaya 808 2.5" 0.6 1.2 0.2 0.2
Nezabudka x Svitanok Mironovskiy 0.0 0.1 0.3 0.4 -0.3
Nezabudka x Sonata Odesa 0.3 0.2 0.3 0.0 0.1
Mironovskaya 808 x Nezabudka 1.0 1.2 1.0 0.6 1.1
Mironovskaya 808 x Svitanok Mironovskiy 3.7 -0.1 0.5 -1.4 -0.2
Mironovskaya 808 x Sonata Odesa 0.3 0.6 -1.6 0.4 0.4
Mironovskaya 808 x Vodohrai 1.0° 7.5 1.2 -0.4 0.3
Mironovskaya 808 x Katrusia Poliska 1.3" -0.3 -0.6 -1.5 -0.8
Svitanok Myronivskyi x Nezabudka 0.7 0.9 1.0° 4.7 0.9
Svitanok Myronivskyi x Sonata Odesa 0.7 2.0 4.0 1.3 2.0
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Table 2. Continued

The degree of phenotypic dominance (h) by

Hybrid combination Th:flfl'r:eg " ear weight s":)llllzl;?eetrs(:; n;r?itr,\zrigf gv:::g:tpﬁ
spikelet an ear an ear ear
Svitanok Myronivskyi x Katrusia Poliska 0.6 1.5 1.3 0.4 2.6
Sonata Odesa x Nezabudka 1.1 2.9 0.9 0.1 0.5
Sonata Odesa x Mironovskaya 808 1.3 1.9 3.5 0.7 1.7
Sonata Odesa x Svitanok Myronivskyi 0.7 1.2 1.1° 1.6" 1.8°
Sonata Odesa x Vodohrai 0.4 1.4 -0.8 0.4 0.6
Sonata Odesa x Katrusia Poliska 0.9 0.5 0.3 -0.2 0.6
Vodograi x Nezabudka (defect) 0.5 2.1 0.6 23.3 1.5°
Vodohrai x Mironovskaya 808 1.9 2.3 0.7 0.1 1.2°
Vodohrai x Svitanok Mironovskiy 2.2 1.6 2.4 1.1 0.5
Vodohrai x Sonata Odesa 0.3 -0.7 -0.7 0.2 2.2
Vodohrai x Katryna Poliska 1.4 1.7 0.6 1.8° 1.2°
Katrina Poliska x Nezabudka 2.0 17.6 1.2° 2.0 3.2
Katrusia Poliska x Mironovskaya 808 1.0° 5.8 0.8 -0.6 3.8
Katrusia Poliska x Svitanok Myronivskyi 2.8 1.1 2.8 4.8" 1.8
Katrusia Poliska x Sonada Odesa 0.4 -5.3 2.0 -0.1 2.3

Note: * - the values of indicators indicating the dominance of the trait in the hybrid combination are highlighted

Source: compiled by the authors based on research
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Figure 2. Hybrid combination

Katrusia Poliska x Nezabudka
Note: ¢ - Katrusia Poliska, & - Nezabudka, F, - a hybrid
between the two
Source: compiled by the authors based on research

In terms of spikelet length, the highest h val-
ues were found in the hybrids Myronivska 808 x
Svitanok Myronivskyi (3.7) and Katrusia Poliska x
Svitanok Myronivskyi (2.8) (Fig.3).Atthe sametime,
in some hybrids, such as Nezabudka x Svitanok
Myronivskyi (0.0), there was no dominance effect.

F1

)

Figure 3. Hybrid combination

Katrusia Poliska x Svitanok Myronivskyi
Note: ¢ - Katrusia Poliska, & - Svitanok Myronivskyi,
F, - a hybrid between the two
Source: compiled by the authors based on research

In terms of the number of spikelets per ear,a
wide amplitude of variation in phenotypic dom-
inance was observed: the highest level was ob-
served in Svitanok Myronivskyi x Sonata Odeska
(4.0) and Sonata Odeska x Myronivska 808 (3.5),
indicating a high heterosis effect. However, there
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are negative h values in some combinations,
such as Myronivska 808 x Sonata Odesa (-1.6)
and Sonata Odesa x Vodohrai (-0.8).

In terms of the number of grains per ear,
the hybrid combination Vodohrai x Nezabudka
had a high dominance value (23.3). High values
were also found in the combinations Katrusia
Poliska = Svitanok Mironivskyi (4.8) and Svita-
nok Mironivskyi x Nezabudka (4.7, Fig. 4), which
indicates a positive effect of dominant genes in
these combinations. At the same time, in some
combinations, in particular Myronivska 808 x Ka-
trusia Poliska (-1.5) and Myronivska 808 x Svi-
tanok Myronivskyi (-1.4), the effect of negative
dominance of the trait was observed, which indi-
cates their kinship and limits their effectiveness
in breeding programmes.

Q e o % il

&

1
"

Ji
13

) gl S+
o N w oW oMow

Figure 4. Hybrid combination

Svitanok Myronivskyi x Nezabudka
Note: ¢ - Svitanok Myronivskyi, & - Nezabudka, F, - a
hybrid between the two
Source: compiled by the authors based on research

The weight of grains per ear also varied
widely. The maximum values of h were ob-
served in the hybrid combinations Katrusia
Poliska = Myronivska 808 (3.8) and Katrusia
Poliska x Nezabudka (3.2, Fig. 2), indicating a
significant heterotic effect. At the same time, in
some combinations, such as Katrusia Poliska x
Sonata Odesa (-2.3, Fig. 5) and Myronivska 808
x Katrusia Poliska (-0.8), a negative dominance
value was observed. The dominance of most
of the studied traits was observed in hybrid

Havryliuk & Kovalyshyna

combinations: Svitanok Myronivskyi x Sonata
Odesa (Fig. 6), Sonata Odesa x Myronivska 808,
Sonata Odesa x Svitanok Myronivskyi (Fig. 7),
Vodohrai x Svitanok Myronivskyi (Fig. 8), Katrusia
Poliska x Nezabudka (Fig. 2), Katrusia Poliska x
Svitanok Myronivskyi (Fig. 3). In the hybrid com-
bination Svitanok Myronivskyi x Sonata Odeska,
the dominance was observed for the following
traits: ear weight (h = 2.0), number of spike-
lets per ear (h=4.0), number of grains per ear
(h=1.3), weight of grains per ear (h=2.0).

Figure 5. Hybrid combination Katrusia

Poliska x Svitanok Myronivskyi
Note: ¢ - Katrusia Poliska, & - Svitanok Myronivskyi,
F, - a hybrid between the two
Source: compiled by the authors based on research

BN

Figure 6. Hybrid combination Svitanok
Myronivskyi x Sonata Odesa
Note: ¢ - Katrusia Poliska, & - Svitanok Myronivskyi,
F, - a hybrid between the two
Source: compiled by the authors based on research
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Figure 7. Hybrid combination

Sonata Odesa x Svitanok Myronivskyi
Note: ¢ - Katrusia Poliska, & - Svitanok Myronivskyi,
F, - a hybrid between the two
Source: compiled by the authors based on research
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Figure 8. Hybrid combination

Vodohrai x Svitanok Myronivskyi
Note: ¢ - Vodohrai, ¢ - Svitanok Myronivskyi, F, - a
hybrid between the two
Source: compiled by the authors based on research

In the hybrid combination Sonata Odessa x
Svitanok Myronivsky, superdominance was noted
for the following traits: ear weight (h=1.2), num-
ber of spikelets per ear (h=1.1), number of grains
per ear (h=1.6),and grain weight per ear (h=1.8).
In the hybrid combination of Vodogray = Svitank
Myronivsky, superdominance was observed in
the following traits: length of the rachis (h=2.2),
ear weight (h=1.6), number of spikelets per ear
(h=2.4), number of grains per ear (h=1.1).

High rates of phenotypic dominance of ear
length were also noted by M. Mohammadi et
al. (2021), as a result of a study of hybrid combi-
nations between durum wheat and Emmer wheat

(Triticum turgidum ssp.dicoccum),where significant
genetic variability and the presence of overdom-
inance in several valuable agricultural traits, in-
cluding ear length, were found. Incorporating the
dominant type of inheritance of this trait, the au-
thors recommend selective breeding in the next
generations, when the manifestation of heterosis
is partiallystabilised,which will contribute to more
efficient consolidation of valuable genotypes.

Similar results were obtained by H. Ustyno-
va et al. (2024), who studied the inheritance of
ear length in winter bread wheat hybrids with the
participation of early and medium early, medium
early and medium late varieties. In most combi-
nations, the inheritance of this trait was of the
positive dominance type. The authors found a
significant level of heterosis for spike length in F,
and frequent manifestation of positive transgres-
sions in the second generation of F, (26 out of
40 combinations in 2019-2020), which indicates
the active formation of new recombinations and
confirms the feasibility of selection for this trait in
subsequent generations.

S.Khomenko et al. (2021) noted that most F,
wheat hybrids showed the phenomenon of over-
dominance and partial dominance for traits such
as ear length and number of grains per ear. The
authors highlighted the importance of selecting
a trait system that ensure genetic progress and
improve yield potential in breeding programmes.
They determined that most wheat hybrids (64.3%)
are characterised by superdominance and partial
dominance for the following traits: ear length
and number of grains per ear. According to their
research, it is advisable to select for these traits
in future generations to create new promising
wheat lines.

M.M. Kamara et al. (2022) highlighted the
high potential for improving wheat genotypes by
increasing the number of grains per ear, which is
an important aspect for increasing productivity,
especially under water stress. The authors noted
that by optimising parameters such as the num-
ber of grains per ear, the overall yield could be
significantly increased. The study, which included
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the evaluation of different wheat genotypes un-
der normal and drought conditions, showed that
water deficit significantly reduced chlorophyll
content, photosynthetic efficiency, grain moisture
and other agronomic traits, including the number
of grains per ear. However, a significant positive
correlation was also observed between physio-
logical parameters such as chlorophyll content,
relative plant water content and grain yield un-
der water deficit conditions. Thus, optimisation of
traits such as the number of grains per ear is one
of the factors in wheat breeding to increase its
yield under climate change.

D.E. Qulmamatova et al. (2022) argued that
ear traits are inherited by dominance from the
best parental component.The study,which includ-
ed the analysis of the genetic potential of winter
bread wheat populations, determined that £, hy-
brids obtained by crossing six varieties demon-
strate inheritance of spikelet structure traits by
type of dominance. The analysis of the spikelet
structure in F, hybrids showed that the number of
grains in the spikelet and grain weight are inher-
ited by the type of superdominance, which means
the predominant influence of one of the parental
components, which shows higher performance
in these characteristics. The highest values for
the number of grains and grain weight were ob-
served in hybrids obtained in combinations with
high-yielding parental components, which con-
firms the possibility of using such populations for
further breeding to improve these traits.

Havryliuk & Kovalyshyna

Similar patterns of trait inheritance were
established in the studies of I.A. Khorsun (2012)
and S.S. Yurchuk (2024), based on the analysis of
hybrid populations of soybean and winter rape
to determine the degree of heterosis and type of
trait dominance. The authors emphasised that in
the presence of a high degree of dominance of
a certain valuable economic trait, selection can
be effective in the first generations. This opened
prospects for the development of crossbreeding
programmes with predictable transmission of
valuable traits to offspring, which is a relevant
approach for wheat breeding, for the characteris-
tics of the ear structure.

General combining ability. The papers by
M.M. Kamara et al. (2021) and T. Begna (2021)
highlighted the importance of combinational
ability for optimising wheat crossing schemes, as
it can be used for new hybrid combinations with
high productivity and resistance to adverse condi-
tions. The researchers noted that to create adapt-
ed varieties, it is important not only to select
maternal and paternal forms but also to correctly
predict the inheritance of the main productive
traits in hybrids.

Table 3 shows the results of the evaluation of
the general combining ability (GCA) of winter soft
wheat varieties as parent components in terms of
ear structure in two different locations. The data
indicate variability of GCA depending on the vari-
ety and growing conditions (locations).

Table 3. General combining ability of soft winter wheat varieties
as a mother component in terms of ear structure

Length of the Spike weiaht Number of Number of Grain weight
Varieties spikelet P 9 spikelets in an ear grainsinanear from the ear
| Il | 1 | 1l | 1} | Il
Nezabudka -0.50 -0.57 -0.48 -0.67 -2.18 -2.60 -8.63 -837 -038 -0.45
Mironovskaya 808 -0.27 -0.24 -0.13 -0.39 -0.30 -1.02 -489 -6.26 -017 -0.41
Svitanok 554 010 005 049 030 080  1.09 875 -0.05 0.48*
Myronivskyi

Sonata Odesa 0.41* 047 022 0.09 0098 0.30 517 -0.63 0.24° -0.01
Vodohrai 0.02 -0.35 0.01 -0.16  -0.54 -0.16 1.01 -0.07 0.15 -0.02
Katrusia Poliska 0.29 0.79° 042" 0.64 174 2.67" 6.25" 6.59 0.20 0.43"
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Table 3. Continued

Lengt‘h of the Spike weight ) Numb_er of l\!um.ber of Grain weight

Varieties spikelet spikelets in an ear grainsinanear from the ear
1 I | | 1 | 1 ] | Il

s? 012 027 010 0.26 1.84 3.14 33.28 4589 0.06 0.16

n 6.00 6.00 600 6.00 6.00 6.00 6.00 6.00 6.00 6.00

s 034 052 031 050 136 1.77 5.77 6.77 0.24 0.40

SE 0.14 0.21 0.13  0.21 0.55 0.72 2.36 2.77 0.10 0.16

LSD 034 052 031 0.51 1.36 1.77 5.77 6.78 0.24 0.40

0.05

Note: research locations are marked as | (breeding fields of the National Research Centre “Institute of Agriculture
of the National Academy of Agrarian Sciences of Ukraine”) and Il (Agronomic Research Station of the National
University of Life and Environmental Sciences of Ukraine); * — highlighted values of indicators are significantly

higher than the average
Source: compiled by the authors based on research

In the breeding fields of the National Re-
search Centre “Institute of Agriculture of NAAS
of Ukraine” (location 1), the variety Sonata Ode-
sa was identified, which had significantly high
values of the GCA for the length of the ear rod
(0.41) and the weight of grain per ear (0.24). How-
ever, these values did not exceed the threshold
of reliability in the second location and therefore
cannot be considered stable. Similarly, Katrusia
Poliska demonstrated a high level of GCA for the
number of grains per ear (6.25), but the value was
also not significantly higher than the average in
the second location, indicating limited stability of
the effect across locations. In the second location
of the SE “Agronomic Experimental Station” of
the National University of Life and Environmen-
tal Sciences of Ukraine (location Il), significantly
high values of the GCA for the trait number of
grains per ear (8.75) and grain weight per ear
(0.48) were found in Svitanok Myronivskyi, but the
values did not exceed the threshold of reliability
in the first location. In addition, Katrusia Poliska
showed significantly high effects of GCA for ear
length (0.79) and grain weight per ear (0.43) only
in the same location.

At the same time, negative values of the GCA
were recorded for the varieties Nezabudka, My-
ronivska 808 and Vodograi, which did not show
significantly positive values of the GCA for any of

the studied traits in both locations. This indicates
a low potential for their use as mother compo-
nents in breeding programmes. Significantly high
values of the GCA in both locations were noted
only for the variety Katrusia Poliska in terms of
ear weight and number of spikelets per ear. Thus,
according to the results of the GCA, among the
studied varieties, Katrusia Poliska as a maternal
component can be a universal donor of high spike
weight and number of spikelets per spikelet.
The varieties Svitanok Myronivskyi and Sonata
Odeska require additional research under other
conditions to establish their value as a maternal
component for improving spike structure, and the
varieties Nezabudka,Myronivska 808 and Vodograi
are not advisable to use for such purposes.

According to the results of the analysis of
the GCA of soft winter wheat varieties as the
parental component (Table 4), significant differ-
ences between varieties and locations were also
noted. At the location of the Agronomic Research
Station of the National University of Life and
Environmental Sciences of Ukraine, the varie-
ties Nezabudka and Sonata Odessa were noted
as parental components with a high statistically
significant GCA rating for ear weight (0.38) and
grain weight (0.15), respectively (Table 4). At the
breeding fields of the National Scientific Centre
“Institute of Agriculture of the National Acade-

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 2



my of Agrarian Sciences of Ukraine”, the vari-
eties Mironivska 808 for ear weight (0.17) and
Katrusya Poliska for grain weight per ear (0.11)
were noted. Among the studied varieties, as a
parental component, a reliably high level of GCA

Havryliuk & Kovalyshyna

was noted in two locations for Myronivska 808 in
terms of spike length (I 1.06, Il 0.54) and number
of spikelets in the spike (I 0.94, Il 4.83), Svitanok
Myronivsky in terms of the number of grains in
the spike (1 4.99, 11 4.83).

Table 4. General combinability of soft winter wheat varieties
as parental components based on ear structure indicators

Length of the . . Number of Number of Grain weight
Varieties spikelet Spike weight spikelets in an ear grainsinanear from the ear
| Il | I | I} | I} 1 1}

Nezabudka 011 0.06 -0.24 0.38° -1.04 -1.00 0.87 0.03 -0.12 0.06
Mironovskaya 808 1.06° 0.54° 0.17° 0.22 0.94" 1.28 0.39 0.17 0.04 0.09
M?/\r/::sz::yl 104 087 004 -040 048 056  4.99° 483 012 017
Sonata Odesa 0.09 -0.05 -0.08 -0.17 -0.90 -0.58 -4.23  -2.53 0.08 0.15"
Vodohrai -0.64 -0.05 0.10 -0.09 0.12 0.05 -0.41 -0.63 0.00 -0.08
Katrusia Poliska  0.41 0.36 0.10 0.07 0.40 -0.32 -1.61 -1.83  0.11* -0.05
s? 0.56 024 002 0.08 0.64 0.68 9.29 6.70 0.01 0.01

n 6.00 6.00 600 6.00 6.00 6.00 6.00 6.00 6.00 6.00

s 075 049 015 028 0.80 0.82 3.05 2.59 0.10 0.12

SE 031 020 006 012 0.33 0.34 1.24 1.06 0.04 0.05

HIP 075 049 015 028 0.80 0.82 3.05 2.59 0.10 0.12

0.05

Note: research locations are marked as | (selection fields of the National Scientific Centre’s Institute of
Agriculture of the National Academy of Agrarian Sciences of Ukraine) and Il (Agronomic Research Station of the
National University of Life and Environmental Sciences of Ukraine); * highlighted values are significantly higher

than average
Source: compiled by the authors based on research

Thus, for the varieties Nezabudka, Sonata
Odeska and Katrusia Poliska, as a parental com-
ponent, mathematically justified consistently
high values of the GCA for the studied traits were
not found, so they need further study in other
locations. It is not advisable to use the variety
Vodograi as a parental component to improve the
spike structure. The variety Myronivska 808 as a
parental component can serve as a universal do-
nor to improve the spikelet length and number
of spikelets per ear, and the variety Svitanok My-
ronivskyi as a parental component can improve
the number of grains per ear.

The results of the analysis of variance
indicate significant differences between va-
rieties in terms of combinational ability, as

evidenced by the values of standard deviation
(s) and standard error (SE), especially in terms
of the number of grains per ear. L.A. Zhivotkov et
al. (1989) stated that due to the complexity of
inheritance and the presence of high modifica-
tion variability of the number of grains per ear,
it is difficult to select and evaluate breeding
material for this trait. This is confirmed by the
results of the research, as the highest variabil-
ity was found for the number of grains per ear
(Tables 3 and 4). This also indicates significant
genetic differences between the studied varie-
ties and their different breeding potential in hy-
bridisation schemes. Hence, there is a need for a
more detailed study of Svitanok Myronivskyi as
a parental component as a donor to improve the
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number of grains per ear, due to the high var-
iability of the trait. S. Khomenko et al. (2021)
noted the prospects of intraspecific crosses. De-
termining the parameters of plant productivity,
the nature of their inheritance, and the combina-
tional ability of varieties is an urgent task both
in creating new varieties and in predicting the
breeding and genetic effects of crosses.

Thus, the analysis confirms the expediency
and necessity of an in-depth study of the combi-
national ability of varieties at the early stages of
the breeding process. The identified differences
between varieties in terms of spikelet structure
indicate the potential for effective selection of
parental components in hybridisation schemes.
This also creates the preconditions for improving
the efficiency of breeding by optimising the com-
bination of genotypes with high overall combina-
tional ability.

Conclusions
The study of the degree of phenotypic dominance
(h) in hybrid combinations of soft winter wheat
based on such indicators as spike length, spike
weight and grain weight per spike revealed the
manifestation of superdominance. This suggests
that selection based on these traits may be high-
ly effective in creating new lines. The highest
values of superdominance in ear weight were
found in the following hybrids: Katrusya Poliska
x Nezabudka (h=17.6), Mironivska 808 x Vodograi

parameters (length of the ear rod, ear weight,
number of ears and grains in the ear, weight of
grain per ear) were observed in the following va-
rieties of soft winter wheat:

» by the number of grains in the ear: Svita-
nok Myronivskyi (8);

» high GCAfor the complex of traits was noted
in the varieties: Katrusia Poliska (2), by ear weight
and number of spikelets per ear, Myronivska 808
(8), by ear length and number of spikelets per ear.

These varieties are recommended for use in
breeding soft winter wheat as maternal and pa-
ternal components to increase crop productivity
by improving such indicators as the number of
grains per ear, ear weight, number of spikelets per
ear and ear length.

In the context of the results obtained, a
promising area for further research is an in-depth
analysis of the heritability of traits in subsequent
generations (F, ) using the recommended hybrid
combinations. The stability of heterosis in differ-
ent soil and climatic conditions and under variable
agrophysical conditions should be prioritised. It is
also advisable to conduct molecular genetic stud-
ies to identify markers associated with the man-
ifestation of superdominance and high combina-
tional ability, which will improve the accuracy of
parental form selection and accelerate the devel-
opment of new productive winter bread varieties.
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AHOTauifA. MeTa pocnifkeHHs nmonsrana y po3paxyHKy 3arasbHoi KOMOiHAUiMHOI 34aTHOCTI copTiB
NWeHULi M’SKoi 03MMOiI Yy pofii MaTepMHCbKOro Ta 6aTbKiBCbKOr0O KOMMOHEHTIB 338 OCHOBHMMM
MOp®hONOriYHMMM Ta MPOAYKTMBHUMM O3HAKaMW KOMOCA, BCTAHOB/EHHI piBHA BapiabenbHOCTi LMX
NMOKA3HMKIB Ta BU3HAYEHHI NepCneKTUBHUX FEHOTUMIB 4S9 BUKOPUCTAHHS B CenekuiiHux nporpamax. Y
XOAI AOCNIAKEHHS BUBYEHO TiBPUAM F, NweHuUi M’AKOi 03MMOT, OTPUMaHI 33 [ONOMOroK CXpeLlyBaHb
LIeCTM COpTiB 3a NOBHO AianenbHo cxemoto. OuiHKy ribpuais 34iMCHEHO 3@ OCHOBHMMM NOKa3HUKaMU
NPOAYKTUBHOCTI KONOCA: LOBXMHA KOMOCOBOIO CTPWMXHS, Maca KO/M0Ca, YMCNO KONOCKIB i 3epeH y
Konoci, Maca 3epeH. [Ins BU3HaYeHHS 3aranbHOi KOMbBiHauUiMHOi 3aaTtHocTi (3K3) ribpuais BukopucraHo
MeToAMKY, Lo nepenbavyae OuiHKY KOXHOMO COPTY SK MaTepUMHCbKOro Ta BaTbKiBCbKOTO KOMMOHEHTIB.
Takox nNpoBefeHO BU3HAYEHHS iHAEeKCY (PEeHOTUNOBOro AOMiHYBaHHS 03HaK A5 OLiHKM YCNaaKyBaHHS
NPOAYKTUBHOCTI Ta ii CTPYKTYpHMX eneMeHTiB. BCTaHOBNEHO 3HauYHy BapiaTWBHICTb Y ribpuaax F, 3a
NOKa3HMKaMM NPOAYKTUBHOCTI kKonoca. Hamsuwi nokasHukn 3K3 y poni MaTepuHCbKOro KOMMOHEHTa
manu copt Katpycs Monicbka, CBiTaHOK MUPOHiBCbKMIA, a y poni 6aTbkiBCbkoro — MuMpoHiBCbKa
808, He3zabypaka, CBiTaHOK MupoHiBcbkuid. [Ins HinbwocTi ribpuais cnoctepiranv yactkose abo nosHe
LLOMiHYBaHHS OKPEMMX 03HaK, LLLO BKA3Y€E Ha BMIMB LOMIHAHTHUX reHiB Ha ix GopMyBaHHS. Po3paxyHokK
iHoeKcy heHOTMNOBOro AOMiHYBAHHS CBiAYMTD, WO ANng HinbwocTi ribpuais iHaekc BapitoBas Big 0 no 1,
Lo NiATBEPAWIO YACcTKOBE JOMIHYBAHHS 3 NepeBarolo Kpawmx 6aTbkiBCbknx GopM. HaliBuLLi 3HaUYeHHS
HaALOMiHYBAHHS 33 MacOK KO0Ca BCTAHOBNEHO B TakuMx kKoMbiHauiax: Katpycs MNonicbka x Hesabyaka,
Muponiscbka 808 x Boporpan, Katpycs [Monicbka x MwupoHiBcbka 808. Pesynbtati [OCAiAXKeHHS
CBif4aTh, L0 BUKOPUCTAHHS Pi3HUX COPTIB NIWEHULi M’IKOi 03MMOI A1 CXpeLLyBaHb LO3BOJISIE OTPUMATH
nepcnekTUBHI ribpMan 3 NOKpalEeHMMM MOKA3HMKAMKU NPOAYKTMBHOCTI Kosoca. CnocTtepexkeHHs 3a
yCnaaKyBaHHSAM NPOAYKTUBHMX O03HaK NiATBEPAMNO, WO YaCTKOBE i MOBHE AOMiHYBaHHS € XapaKTepPHUMMU
ans 6inbwocTi ribpuais

KnioyoBi cnoBa: koMbiHaLiiiHa 34aTHICTb; CTYMiHb GEHOTMMOBOrO LOMiHYBaHHS; ribpuaHa KoMbiHaLlis;
6aTbKiBCbKi KOMMOHEHTHU; YCNaAKyBaHHS; CTPYKTypa Kosioca
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