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Optimization of Brassica napus L. breeding is based on the analysis of the
combining ability of parental forms. The evaluation of additive and non-
additive genetic effects enables accurate prediction of hybrid performance
and efficient selection of source material. The aim of this study was to
determine the patterns of general combining ability (GCA) and specific
combining ability (SCA) expression in varieties based on yield-related traits
in order to substantiate strategies for developing high-yielding hybrids. Six
varieties were studied using a full diallel crossing scheme. The genetic
parameters of F; hybrids were evaluated using Griffing’s method lll, as well
as the approaches of Hayman and Jinks. Analysis of variance and
regression modeling were applied for data processing. Significant genetic
variability was identified for the main components of productivity. The
highest GCA effects for the number of pods per plant were observed in the
varieties Elvis (4.53) and Chornyi Veleten (1.93); for the number of seeds per
pod in Antaria (10.08) and Monopolist (8.20); and for seed weight per plant in
Elvis (0.87). SCA analysis allowed the identification of promising hybrid
combinations: for the number of pods per plant — Monopolist/Chornyi
Veleten (7.83) and Orekh/Antaria (7.05); for the number of seeds per pod —
Elvis/Ranok Podillia (4.70); for seed weight per plant — Antaria/Chornyi
Veleten (0.54) and Ranok Podillia/Antaria (0.46). It was demonstrated that the
formation of traits is determined by different contributions of additive gene
effects, dominance, and epistasis. The developed mathematical prediction
model based on a selection index integrates GCA and SCA effects, enabling
the estimation of expected performance of new hybrid combinations and
heterosis levels without extensive field trials. The obtained results allow
optimization of breeding through targeted selection of parental pairs. The
proposed model shortens the breeding cycle and increases the efficiency of
developing competitive winter oilseed rape varieties.

Keywords: winter rapeseed, combining ability, general combining ability, specific
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Introduction. The development of high productivity in winter oilseed rape
(Brassica napus L.) is one of the priority directions of modern breeding, driven by the
increasing demand for vegetable oils and bioenergy resources (Zandberg et al., 2022).
Genetic improvement of the crop is based on the efficient utilization of genotypic
diversity and the targeted selection of parental forms with high adaptive and productive
potential. Genomic analysis of pedigrees indicates that modern varieties have been
developed from a limited number of initial parental lines (Wang et al., 2017). This
necessitates the urgent expansion of the genetic base through the incorporation of new
sources of variability, particularly through the use of synthetic forms (Hu et al., 2024).

Under current conditions, an important direction in breeding is the introduction
of new sources of genetic variability, in particular through intertype crosses between

Copyright © The Author(s). This is an open access article distributed under
@ @ the terms of the Creative Commons Attribution License 4.0

(https://creativecommons.org/licenses/by/4.0/)



https://creativecommons.org/licenses/by/4.0/

Scientific and Technical Bulletin of the Institute of Oilseed Crops NAAS (ISSN: 2078-7316), 2026, N2 40: 45-57

winter and spring forms of oilseed rape, which enhances genetic diversity and
adaptability of new genotypes (Gourrion et al., 2020). At the same time, the
improvement of breeding programs involves the integration of classical and molecular
approaches to increase yield and seed quality (Nesi et al., 2008; Gao et al., 2025).

The productivity of winter oilseed rape is a complex polygenic trait formed
under the influence of multiple components, including the number of pods per plant,
the number of seeds per pod, and seed weight (Zhou et al., 2026). Its expression largely
depends on both genetic factors and growing conditions, including nutrient supply
(Diepenbrock, 2000; Poisson et al., 2019; Stepaniuk & Glowacka, 2022). Recent
studies also confirm the complex genetic architecture of yield-related traits, involving
interactions among numerous genes and their pleiotropic effects (Zou et al., 2022;
Yang et al., 2023; Cui et al., 2025).

In this context, the use of genetic-statistical methods becomes particularly
important, as they allow for the quantitative assessment of the contribution of different
components of heredity to the formation of productivity traits. One of the most
effective tools in this regard is combining ability analysis, which enables the evaluation
of the breeding value of parental forms and the identification of promising hybrid
combinations (Hashemi et al., 2024; Tyagi et al., 2025).

General combining ability predominantly reflects additive gene action and
characterizes the stability of trait transmission in progeny, whereas specific combining
ability is associated with non-additive effects, including dominance and epistasis,
which determine the manifestation of heterosis in first-generation hybrids (Yurchuk,
2024). The use of these parameters allows for substantiated selection of optimal
breeding strategies and improves the efficiency of developing hybrids with desired
productivity traits.

Modern approaches to winter oilseed rape breeding also involve the integration
of mathematical modeling, genomic studies, and big data analysis methods, which
enhance the accuracy of yield prediction and optimize the breeding process (Pandian et
al., 2024; Norouzi et al., 2023; Nie et al., 2025). However, despite the substantial
number of studies in this field, the issue of comprehensive evaluation of combining
ability in winter oilseed rape genotypes and its application for optimizing breeding
programs remains insufficiently addressed.

Therefore, investigating the patterns of general and specific combining ability
expression, as well as their use in predicting hybrid performance, is a relevant
scientific task. Its solution will contribute to improving the efficiency of winter oilseed
rape breeding and to the development of high-yielding genotypes with desirable
agronomic traits.

The aim of the study was to determine the patterns of expression of general
and specific combining ability in winter oilseed rape (Brassica napus L.) varieties
based on key productivity traits, and to substantiate their use for improving the
efficiency of parental selection and optimizing breeding programs for the development
of high-yielding hybrids.

To achieve this aim, the following objectives were addressed: to evaluate the
effects of general combining ability (GCA) of winter oilseed rape varieties for the main
components of yield structure; to determine the level of specific combining ability
(SCA) of hybrid combinations and to identify the most promising genotype
combinations; to analyze the ratio of additive and non-additive genetic effects in the
control of the studied productivity traits; to conduct a comparative assessment of the
breeding value of parental forms as donors of economically valuable traits; to identify
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hybrid combinations with high productivity and heterosis potential; to substantiate the
effectiveness of diallel analysis for assessing the genetic structure of traits; to develop
and validate a mathematical model for predicting hybrid productivity based on
combining ability parameters; and to formulate scientifically grounded approaches to
optimizing the breeding process of winter oilseed rape considering the obtained
genetic-statistical parameters.

Materials and Methods. The research was conducted in the experimental fields
of the Institute of Feed Research and Agriculture of Podillia of the National Academy
of Agrarian Sciences of Ukraine, located in the Central Forest-Steppe zone of Ukraine.
The agroclimatic conditions of the region are characterized by a moderately continental
climate with sufficient moisture supply and a favorable temperature regime for winter
oilseed rape cultivation.

The study involved six winter oilseed rape wvarieties: Chornyi Veleten,
Monopolist, Antariia, Ranok Podillia, Orex, and Elvis. To evaluate their breeding
value, first-generation hybrids (F1) obtained through a full diallel crossing scheme were
used.

The assessment of combining ability was performed according to Griffing’s
method III (Griffing, 1956), with the application of genetic approaches proposed by
Hayman (Hayman, 1954) and Jinks (Jinks, 1954). This approach allows partitioning
phenotypic variability into additive and non-additive components and determining their
contribution to the expression of productivity traits.

The following traits were analyzed: number of pods per plant, number of seeds
per pod, and seed weight per plant.

Measurements were carried out on representative plants at the stage of full
maturity, followed by recalculation into mean values for each experimental variant. For
each hybrid combination, phenotypic trait values were determined, on the basis of
which the effects of general (g;) and specific (s;j) combining ability were calculated.

Statistical analysis of the experimental data was performed using analysis of
variance (ANOV A) based on diallel crossing approaches. The variances of general and
specific combining ability were estimated through the analysis of variance
components. The significance of differences was tested using the least significant
difference (LSDo.os and LSD0.0l).

Mathematical modeling was carried out using a diallel-based model, which
describes the phenotypic value of a trait as a function of additive and non-additive
genetic effects. Data processing was performed using MS Excel, enabling biometric
analysis and the construction of regression relationships.

The methodological framework of the study complied with modern
requirements for field experiments and genetic-breeding analysis (Yeshchenko et
al., 2005).

Results and Discussion. Combining ability analysis is an important
methodological tool in winter oilseed rape breeding, as it enables the assessment of the
genetic potential of parental forms in hybrid combinations. The use of general and
specific combining ability parameters makes it possible to determine the nature of
genetic control of economically valuable traits and to evaluate the efficiency of
combining different genotypes in breeding crosses. Based on such analysis, donors of
valuable alleles and promising hybrid combinations for the development of high-
yielding winter oilseed rape hybrids can be identified. The application of this approach
contributes to increasing the efficiency of the breeding process, shortening the time
required for the development of new varieties and hybrids, and optimizing the selection
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of parental components.

The combining ability of six winter oilseed rape varieties (Chornyi Veleten,
Monopolist, Antariia, Ranok Podillia, Orex, and Elvis) was evaluated based on the
analysis of first-generation hybrids obtained through a full diallel crossing scheme
according to Griffing’s method III (Griffing, 1956), using the genetic approaches of
Hayman (Hayman, 1954) and Jinks (Jinks, 1954). This approach allows determining
the contribution of additive and non-additive genetic effects to the formation of key
agronomic traits and establishing the breeding value of parental components.

The study was aimed at evaluating the effects of general and specific
combining ability for the following productivity traits: number of pods per plant,
number of seeds per pod, and seed weight per plant. The analysis of the obtained
results revealed significant genetic variability among the studied genotypes, which
creates prerequisites for their effective use in breeding programs.

The results of the evaluation of general and specific combining ability effects
for the trait “number of pods per plant” are presented in Table 1. Significant
differences among parental forms in terms of general combining ability were
identified, indicating different contributions of additive genetic effects to the formation
of this trait.

Table 1
Evaluation of general combining ability effects, constants of specific combining
ability, and their variances in winter oilseed rape varieties for the trait “number
of pods per plant”

GCA (si) Variance
Female parent (genotype
No. Female parent s = :; = = . GCA GCA | sca
(genotype) g5 e =) R= 5 N (g1 2 2
S S = 53| 5| & (0% | (o°si)
o> S < S~
=
1 | Chornyi Veleten 1.93 | 239 | 17.28
2 | Monopolist 7.83 -3.13 | 848 | 1948
3 | Antariia -5.31 -0.85 -2.44 | 462 | 11.13
4 | Ranok Podillia 2.38 0.10 0.91 244 | 464 | -6.14
5 | Orex -2.25 -7.34 7.05 -2.51 1.55 1.09 | 25.62
6 | Elvis -2.65 0.26 -1.80 | -0.88 | 5.06 4.53 19.2 | -0.36
Notes: HIPo.o1g; = 3.06 HIPo.01(g; — §)=5.39 HIPo.o1si= 5.19
HIPoos g; = 3.20 HIPoos(g; — g)=4.05 HIPo.0ssi= 3.91

Source: developed by the author

The highest values of general combining ability (GCA) effects were observed
in the varieties Elvis (gi = 4.53), Chornyi Veleten (g = 1.93), and Orex (gi = 1.55). The
elevated GCA values in these genotypes indicate a substantial contribution of additive
gene action to the expression of the trait and confirm their high breeding value as
parental components in hybridization programs.

In contrast, negative GCA effects were detected in the varieties Monopolist
(gi= —3.13), Antariia (g; = —2.44), and Ranok Podillia (g = —2.44), suggesting a less
favorable additive genetic effect for the formation of the number of pods per plant.

The analysis of specific combining ability (SCA) constants revealed
considerable variability among hybrid combinations. The highest SCA values were
identified in the combinations Monopolist/Chornyi Veleten (si; = 7.83), Orex/Antariia
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(sij = 7.05), and Elvis/Orex (sij = 5.06). High values of this parameter indicate a
significant influence of non-additive genetic effects, particularly dominance and
epistasis, on the formation of the trait. The lowest SCA values were observed in the
combinations Orex/Chornyi Veleten (sij = —7.34), Antariia/Chornyi Veleten (sij =
—5.31), and Elvis/Chornyi Veleten (s;j = —2.65), indicating less effective genotype
interactions in these hybrid combinations.

The results of combining ability analysis for the trait “number of seeds per
pod” are presented in Table 2.

Table 2
Evaluation of general combining ability effects, specific combining ability
constants, and their variances in winter oilseed rape varieties for the trait
“number of seeds per pod”

GCA (si)) Variance

No. Female parent Female parent (genotype) GC_A GCA | SCA

(genotype) 1 2 3 4 5 6 (&) (0%) | (%)

1 | Choryi Veleten 442 18.51 | 2.66

2 | Monopolist -1.44 8.20 6621 | -142

3 | Antariia 423 1.24 10.08 1064 | 5.76

4 | Ranok Podillia 043 -0.86 -4.06 478 | 2185 | 245

5 | Orex 1.12 257 2.10 -0.22 -786 | 60.72 | 429

6 | Elvis 435 3.61 -3.52 4.70 -044 -1.22 0.46 9.23
Notes: HIPo.o1g; = 2.70 HIPo.o1(g; — §)=3.75 HIPo.o1si=4.58
HIPo.0s g; = 2.03 HIPo.os(g; — §)=2.85 HIPo.0ssij= 3.45

Source: developed by the author

The analysis of general combining ability effects showed that the highest
values were observed in the varieties Antariia (gi = 10.08) and Monopolist (g = 8.20),
indicating their high breeding value as donors of increased seed productivity.

Negative GCA effects were recorded for Orex (g = —7.86), Ranok Podillia (g;
= —4.78), Chornyi Veleten (gi = —4.42), and Elvis (g = —1.22), which suggests a less
favorable additive genetic effect for this trait.

Among hybrid combinations, high SCA values were observed in Elvis/Ranok
Podillia (sij = 4.70), Antariia/Chornyi Veleten (si; = 4.23), Elvis/Monopolist (s;j= 3.61),
and Orex/Antariia (s; = 2.10). These results indicate a significant role of non-additive
genetic effects in the formation of this trait, which can be effectively utilized in the
development of high-yielding hybrids.

The lowest SCA values were identified in the hybrid combinations
Elvis/Chornyi Veleten (sij = —4.35), Ranok Podillia/Antariia (sij = —4.06), and
Elvis/Antariia, indicating less efficient genotype interactions in these combinations.

The results of combining ability analysis for the trait “seed weight per plant”
are presented in Table 3.

According to the indicators of general combining ability (GCA), the highest
values were observed in the varieties Elvis (gi = 0.87), Ranok Podillia (gi = 0.22), and
Orex (gi = 0.14), which indicates their substantial genetic potential for increasing plant
productivity and the expediency of using these forms as parental components in
breeding programs.

Negative GCA values were identified for the varieties Antaria (g; = —0.60),
Monopolist (gi = —0.35), and Chornyi Veleten (g; = —0.27), which may indicate a less
favorable additive genetic effect for the formation of seed weight per plant.
© S. S. Yurchuk
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Table 3
Assessment of general combining ability effects, specific combining ability
constants, and their variances in winter rapeseed varieties for the trait “seed

weight per plant”
GCA (s1)) Variance
No Female tp arent Female parent (genotype GC_A GCA | GCA
(genotype) 1 2 3 4 5 T61 @ | () | (%)
1 | Chomyi Veleten -0.27 0.07 0.22
2 | Monopolist -0.12 -0.35 0.14 0.14
3 | Antariia 0.54 -0.65 -0.60 0.35 0.24
4 | Ranok Podillia -0.23 0.14 0.46 0.22 0.05 0.25
5 | Orex 0.41 0.42 -0.18 -0.81 0.14 0.04 0.24
6 | Elvis -0.63 0.24 -0.16 0.44 0.12 0.87 0.75 0.14
Notes: HIPo.o1 g; = 0.17 HIPoo1(g; — §)=0.26 HIPo.o1si= 0.28
HIPo.0s g; = 0.13 HIPo.0s(g; — g)=0.19 HIPo.0ssi= 0.21

Source: developed by the author

The analysis of specific combining ability (SCA) showed that the highest sij
values were characteristic of the hybrid combinations Antaria/Chornyi Veleten (s; =
0.54), Ranok Podillia/Antaria (s = 0.46), Elvis/Ranok Podillia (sij = 0.44),
Orex/Monopolist (sij = 0.42), and Orex/Chornyi Veleten (s;= 0.41). High values of this
indicator suggest a significant influence of non-additive genetic effects, particularly
dominance and epistatic interactions, on the formation of seed weight per plant.

The results obtained confirm that hybrid combinations with high SCA (specific
combining ability) values are characterized by increased productivity, which is
attributed to the positive direction of non-additive genetic effects.

The established patterns in the manifestation of general and specific combining
ability effects are consistent with the findings of other researchers, who emphasize the
significant role of both additive and non-additive genetic effects in the formation of
winter rapeseed productivity. In particular, the study by Hashemi et al. (2024)
demonstrated that high general combining ability of parental forms is a determining
factor for the stable transmission of yield traits, which corroborates our results
regarding the high breeding value of the varieties Elvis, Orex, and Chornyi Veleten for
certain productivity components. Similar conclusions are presented in the study by
Tyagi et al. (2025), which highlights that selection efficiency based on additive effects
is crucial at the early stages of the breeding process.

At the same time, the significant level of specific combining ability identified
for certain hybrid combinations in our study is consistent with the findings of Yurchuk
(2024), where it is shown that non-additive genetic effects play a leading role in the
formation of heterosis in F: hybrids of winter rapeseed. Similar patterns are also
reported in the study by Gourrion et al. (2020), who emphasize the importance of
intertype crosses for increasing genetic diversity and the expression of heterosis. Thus,
our results confirm contemporary views on the complex genetic nature of winter
rapeseed productivity and the expediency of combining approaches focused on both
additive and non-additive components of genetic variability.

Overall, the research findings indicate the expediency of applying combining
ability analysis for the selection of promising parental forms in winter rapeseed
breeding. It has been established that the formation of individual productivity traits is
governed by different ratios of additive and non-additive genetic effects, which must
be taken into account when selecting optimal breeding methods, particularly in the
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development of F: hybrids or the formation of synthetic populations with enhanced
productivity.

In this context, for the quantitative interpretation of the identified genetic
effects and their formalization, it is appropriate to apply mathematical models that
allow the partitioning of phenotypic variability into components and the assessment of
the contribution of different types of genetic action to the formation of the studied
traits. One of the most widely used and theoretically substantiated approaches is the
diallel model of Griffing (1956), which enables the estimation of general and specific
combining ability effects based on the analysis of first-generation hybrids.

Within this framework, the phenotypic value of the studied trait is considered
as a function of the combined influence of the population mean, additive genetic
effects of parental forms, as well as non-additive interactions between them. Such an
interpretation allows for a transition to a formalized description of the model, reflecting
the structure of genetic control of the trait.

The general mathematical model is expressed as follows:

Yy=p+gitg+s;tey (1)
where, Y; is the phenotypic value of the trait in the hybrid combination (i x j); u is the
overall population mean; g; g; are the general combining ability (GCA) effects of the
parental forms; s; is the specific combining ability (SCA) effect of the hybrid
combination; e; is the random error.

The proposed model makes it possible not only to describe the phenotypic
expression of the trait but also to perform its variance decomposition, which is a
necessary condition for assessing the genetic nature of variability and determining the
role of individual components in productivity formation.

Further analysis involves the decomposition of the total phenotypic variance
into components corresponding to different types of genetic effects, which, in turn,
enables a quantitative assessment of the relative contributions of additive and non-
additive gene action.

The total phenotypic variance of the trait can be represented as:

0f = 0gcat+ déca + 02, ()
where, 02, is the variance of general combining ability; 6., is the variance of
specific combining ability; 62 — is the variance of random error.

Such a partitioning of variance allows for a quantitative evaluation of the
contribution of different components of genetic variability to trait formation; however,
for a deeper interpretation of the obtained results, it is necessary to establish their
relationship with classical genetic parameters.

The variance components obtained within the framework of combining ability
analysis can be associated with the main components of genetic variation, which makes
it possible to move from a statistical description to a biological interpretation of
inheritance processes.

According to classical genetic theory:

0Gca ~ 03, (3)
0éca = O4p + 0f, 4)
where, ¢ is the additive genetic variance; o2y, is the dominance variance; o is the
epistatic variance.

Thus, general combining ability effects primarily reflect additive gene action,
whereas specific combining ability characterizes the contribution of non-additive
genetic effects, particularly dominance and epistatic interactions. This provides a
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theoretical basis for interpreting the obtained experimental data and determining the
genetic nature of the studied traits.

It should be noted that the approach to mathematical modeling of hybrid
productivity proposed in this study is based on the classical principles of diallel
analysis formulated in the works of Griffing (1956), Hayman (1954), and Jinks (1954),
who first introduced a quantitative interpretation of general and specific combining
ability effects. The further development of these approaches has been associated with
the extension of models through the incorporation of variance components and their
biological interpretation as additive and non-additive genetic effects. In contemporary
studies (Hashemi et al., 2024; Norouzi et al., 2023), these models are complemented by
productivity forecasting elements, particularly through the use of regression
relationships and machine learning methods. In contrast to these approaches, the
present study proposes an integrated model that combines classical diallel analysis with
a selection index, enabling the simultaneous consideration of additive and non-additive
genetic effects in predicting hybrid productivity.

Taking into account the established patterns, there is a need to move from
describing the genetic structure of traits to their practical application in the breeding
process. In particular, it is important to develop criteria for the selection of parental
forms and hybrid combinations that ensure the maximum realization of the genetic
potential of productivity. At the same time, the practical selection of the most
promising genotypes requires an integrated assessment that simultaneously considers
both the stability of trait transmission (GCA) and the potential for heterosis expression
(SCA).

For this purpose, the efficiency of selecting parental forms can be formalized
through a productivity selection index, which allows balancing the contributions of
different genetic components:

I =wyg1 + wsysyj, (5
where, [ is the productivity selection index; wi, w, are weighting coefficients that
determine the priority of additive or non-additive gene action within a specific
breeding program; g; is the general combining ability effect; s; is the specific
combining ability effect.

The use of such an index makes it possible to integrate information on additive
and non-additive genetic effects into a single quantitative indicator, thereby
significantly increasing the accuracy of selecting promising genotypes. Maximization
of this index ensures the identification of hybrid combinations with the most favorable
combination of genetic effects that can be utilized in subsequent breeding programs.

At the same time, for the practical implementation of the obtained results in
breeding, it is important not only to rank genotypes according to their breeding value
but also to enable the prediction of the expression level of economically valuable traits
in hybrid progeny. Such an approach facilitates the transition from the assessment of
genetic parameters to the modeling of the expected productivity of new combinations.

In this regard, the use of predictive models based on estimated general and
specific combining ability effects is well justified, as they allow for a quantitative
determination of the expected level of trait expression in hybrids. The expected value
of a productivity trait in a hybrid can be determined as:

YVij=u+git9;+39; (6)
which provides a quantitative representation of the combined influence of additive and
non-additive genetic effects on the formation of the studied traits.
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The application of this model enables theoretically grounded forecasting of the
productivity level of hybrid combinations based on the estimated combining ability
parameters of parental forms. Thus, the proposed approach ensures a transition from
descriptive analysis of the genetic structure of traits to their quantitative modeling,
which constitutes an important stage in modern breeding, creating the prerequisites for
more targeted selection of source material and enhancing the efficiency of the breeding
process.

The proposed mathematical model has significant practical implications and
makes it possible to:

— quantitatively assess the genetic value of parental forms based on general
combining ability (GCA) effects;

— determine the ratio of additive and non-additive genetic effects controlling
productivity formation;

— carry out scientifically substantiated prediction of the productivity of new
hybrid combinations without the need for their preliminary large-scale field testing;

— optimize breeding programs through the targeted selection of genotypes for
the development of high-yielding F: hybrids or synthetic populations.

The application of this model in breeding practice contributes to increased
selection accuracy, reduction of the breeding cycle duration, and acceleration of
genetic improvement of winter rapeseed, which is an important factor in enhancing the
efficiency of modern breeding programs.

For the practical implementation of the proposed approach and generalization
of the obtained results, an integrated assessment of the breeding value of the studied
winter rapeseed varieties was conducted based on general combining ability effects for
the main productivity traits (Table 4). Such an approach enables the systematization of
the obtained genetic-statistical parameters, quantitative comparison of genotypes, and
identification of priority samples for use in breeding programs.

Table 4
Integrated assessment of the breeding value of winter rapeseed varieties based on
general combining ability effects

Variety gi (pods) gi (seeds) gi (weight) Mean index (/*)
Chornyi Veleten 1.93 -4.42 -0.27 -0.92
Monopolist -3.13 8.20 -0.35 1.57
Antariia -2.44 10.08 -0.60 2.35
Ranok Podillia -2.44 -4.78 0.22 -2.33
Orex 1.55 -7.86 0.14 -2.06
Elvis 4.53 -1.22 0.87 1.39

Notes: */ — mean value of gi across three traits (for generalized assessment).
Source: developed by the author

As follows from the data in Table 4, the integrated assessment of general
combining ability effects revealed that the highest overall breeding value is
characteristic of the varieties Antaria (/ = 2.35), Monopolist (/ = 1.57), and Elvis (/ =
1.39), confirming their substantial potential as donors of economically valuable traits
in winter rapeseed breeding.

At the same time, the varieties Chornyi Veleten, Orex, and Ranok Podillia
exhibit differentiated expression of GCA effects across individual traits, indicating the
expediency of their targeted use in breeding programs depending on the selection
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direction. In particular, the variety Elvis is an effective donor of traits related to seed
weight and number of pods, whereas Antaria and Monopolist are valuable for
increasing the number of seeds per pod.

Conclusions. The generalization of the research results made it possible to
establish the patterns of manifestation of general and specific combining ability in
winter rapeseed varieties and to substantiate their use for optimizing the breeding
process aimed at developing high-yielding hybrids:

1. A significant level of genetic variability among the studied varieties was
identified for the main components of yield structure, indicating their suitability as
source material in breeding programs. Substantial differences in general combining
ability (GCA) effects were revealed, reflecting varying levels of additive genetic
action.

2. Genotypes with high general combining ability were identified as effective
donors of economically valuable traits. In particular, for the trait “number of pods per
plant,” the varieties Elvis, Chornyi Veleten, and Orex were distinguished; for “number
of seeds per pod,” Antaria and Monopolist; and for “seed weight per plant,” Elvis,
Ranok Podillia, and Orex, indicating their high breeding value.

3. A significant role of specific combining ability (SCA) in the formation of
the studied traits was established, confirming the substantial contribution of non-
additive genetic effects (dominance and epistasis). Promising hybrid combinations
(Monopolist/Chornyi Veleten, Orex/Antaria, Elvis/Orex, Elvis/Ranok Podillia) were
identified, characterized by high SCA values and suitable for developing hybrids with
pronounced heterosis effects.

4. The ratio of additive and non-additive genetic effects controlling
productivity traits was analyzed. It was found that different elements of yield structure
are characterized by different types of genetic control, necessitating a differentiated
approach to the selection of breeding methods (selection based on GCA or exploitation
of heterosis based on SCA).

5. The effectiveness of diallel analysis as a tool for genetic and breeding
evaluation was confirmed, as it allows for the quantitative partitioning of phenotypic
variability into components and substantiates the selection of parental forms for
hybridization.

6. The expediency of applying a selection index as a tool for integrated
genotype evaluation was substantiated. This index integrates the effects of general and
specific combining ability into a single quantitative indicator. The use of such an
approach enhances selection accuracy and enables the identification of the most
promising hybrid combinations with an optimal combination of genetic effects.

7. A mathematical model for predicting hybrid productivity was developed and
validated, based on the estimated combining ability parameters. The model enables
theoretically grounded prediction of trait expression without the need for large-scale
field trials.

8. The practical value of the proposed approach was demonstrated, as it
ensures a transition from descriptive analysis of the genetic structure of traits to their
quantitative modeling. This contributes to increased efficiency of the breeding process,
reduced duration of the breeding cycle, and accelerated development of new high-
yielding winter rapeseed hybrids.

9. The integrated assessment of the breeding value of varieties, based on
generalized GCA effects (Table 4), showed that the most promising varieties for use in
breeding programs are Antaria (/ = 2.35), Monopolist (/ = 1.57), and Elvis (/ = 1.39),
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which are characterized by a high level of additive genetic effects across a complex of
productivity traits. The obtained results confirm the expediency of using integral
quantitative indices for the substantiated selection of source material and for improving
the efficiency of the breeding process.

Prospects for further research include expanding the range of genotypes,
incorporating molecular genetic markers and genomic selection methods, and adapting
the proposed models to different soil and climatic conditions in order to improve the
accuracy of productivity prediction and the stability of expression of economically
valuable traits.
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BUKOPUCTAHHSA AHAJII3Y KOMBIHAIIIMHOIL
3JIATHOCTI JJ151 ONTUMIBALI CEJEKIII PINAKY
O3UMOI'0

C. C. IOpuyk

Inemumym kopmie ma cinbcokoeo cocnodapecmea Iloodina Hayionanvhoi akademii
azpapHux HayK Yxpainu

OnTtumisauia cenekuii Brassica napus L. 6a3yeTbcA Ha aHanisi
KomOiHauinHOl 3paTHOCTI OaTbKiBCbkUx d¢opMm. OuiHka agauTMBHUX i
HeaAUTMBHUX TeHeTUYHUX edyeKkTiB [O03BONSAE TOYHO MNPOrHO3yBaTn
NPOAYKTUBHICTL ribpuais i echekTMBHO AoGMpaTH BuxigHM matepian. Meta
po6otn — BcTaHOBUTM 3akoHomipHocTi nposiBy 3K3 i CK3 coptiB 3a
O3HaKamMM npPOAYKTMBHOCTI AnNsi OOFPYHTYBaHHA cTpaTerini  CTBOPEHHS
BMCOKONPOAYKTUBHUX riopuais. [docnigXeHo wWicTb COPTIB 32 MNOBHOMO
pianenbHO cxeMOK cxpellyBaHHA. eHeTU4Hi napameTpu ri6pmaiB Fi
ouiHoBanu 3a metogowm lll MpicppiHra, nigxogammn Xenmana Ta OxiHkca. Ana
obpoOKM paHMX 3acTocoByBanuM AUCNEpPCiMHMMA  aHani3, perpeciHe
MopenioBaHHA. BctaHoBneHo cyTTeBY reHeTUYHY BapiabenbHicTb 3a
OCHOBHMMM enemeHTamum npoayktusHocti. HamBuwi edektn 3K3 3a
KiNnbKiCTIO CTpy4KiB BusiBneHo y copTtiB Ensic (4,53) Ta YopHun BeneteHb
(1,93), 3a kinbkicTio HaciHuH — y AHTapii (10,08) Ta MoHononicTta (8,20), 3a
Macoro HaciHHA — y Enica (0,87). AHaniz CK3 po3BonuB igeHTUdikyBaTn
nepcnekTMBHi riopuau: 3a KinbkicTio cTpy4ykiB — MoHononict/YopHun
BeneteHb (7,83) Ta Opekc/AHTapia (7,05); 3a KinbkicTiO HaciHMH —
Engic/PaHok Mopinns (4,70); 3a macoto HaciHHA — AHTapisa/YopHuin BeneTeHb
(0,54) Ta PaHok Moainnsa/AHnTapisa (0,46). JoBeaeHo, wo opMyBaHHA O3HaK
3yMOBJIEHe pPi3HUM CNiBBiAHOLWEHHAM agUTUBHOI Aii reHiB, JOMiIHYBaHHSA Ta
enictazy. Po3pobneHa wmMaTemMaTMyHa Mopgeflb MPOrHO3yBaHHA 4epe3
cenekuiHun iHaekc iHTerpye ecpektn 3K3 Ta CK3, Wwo go3sonse ouiHoBaTH
OYiKyBaHy NMPOAYKTUBHICTb HOBMX KOMOGiHaLWi i TOYHiCTb reteposucy 6e3
HaANMWKOBMX NONIbOBUX BUNpo6yBaHb. OTpuMmaHi pe3ynbTaTv A03BONAIOTL
ONTMMI3yBaTU CenekLilo LWIAXOM LinecnpsimoBaHoro fobopy 6aTbKiBCbKUX
nap. 3anponoHoBaHa MoAeNb CKOPOYYE CenekuiMHUA UMKN i nigsuwye
edeKTUBHICTb CTBOPEHHA KOHKYPEHTOCNPOMOXHMUX COPTiB pinaky 03umoro.

Kntouoei cnoea: pinak o3umuii, KOMOiHaIliliHA 37aTHICTh, 3arajbHa KOMOIHaIliiiHa
3MIaTHICTh, crienudiuHa KoMOiHaIlIiiHA 3/1aTHICTh, POYKTUBHICTh, TCHETHYHI €EKTH,
MaTeMaTUYHE MOJCTIOBAaHHS
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