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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 F₁ hybrids were evaluated using Griffing’s method III, 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. 
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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 
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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 & Głowacka, 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 



Scientific and Technical Bulletin of the Institute of Oilseed Crops NAAS (ISSN: 2078-7316), 2026, № 40: 45–57 

© S. S. Yurchuk 

47 

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 varieties: 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 (gi) and specific (sij) combining ability were calculated. 

Statistical analysis of the experimental data was performed using analysis of 

variance (ANOVA) 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 (LSD₀.₀₅ and LSD₀.₀₁). 

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”  

 

No. 
Female parent 

(genotype) 

GCA (sij) 

GCA 

(gi) 

Variance 

Female parent (genotype) 

GCA 

(σ2
gi) 

SCA 

(σ2
Si) 
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1 Chornyi Veleten             1.93 2.39 17.28 

2 Monopolist 7.83           -3.13 8.48 19.48 

3 Antariia -5.31 -0.85         -2.44 4.62 11.13 

4 Ranok Podillia 2.38 0.10 0.91       -2.44 4.64 -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:  НІР0.01 𝑔𝑖 = 3.06 НІР0.01(𝑔𝑖 − 𝑔̅)=5.39 НІР0.01sij= 5.19 

          НІР0.05  𝑔𝑖 = 3.20 НІР0.05(𝑔𝑖 − 𝑔̅)=4.05 НІР0.05sij= 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 (gᵢ = 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 (gᵢ = −2.44), and Ranok Podillia (gᵢ = −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 (sᵢⱼ = 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 (sᵢⱼ = −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” 

 

No. 
Female parent 

(genotype) 

GCA (sij) 
GCA 

(gi) 

Variance 

Female parent (genotype) GCA 

(σ2
gi) 

SCA 

(σ2
Si) 1 2 3 4 5 6 

1 Chornyi Veleten             -4.42 18.51 2.66 

2 Monopolist -1.44           8.20 66.21 -1.42 

3 Antariia 4.23 1.24         10.08 10.64 5.76 

4 Ranok Podillia 0.43 -0.86 -4.06       -4.78 21.85 2.45 

5 Orex 1.12 -2.57 2.10 -0.22     -7.86 60.72 -4.29 

6 Elvis -4.35 3.61 -3.52 4.70 -0.44   -1.22 0.46 9.23 

Notes: НІР0.01𝑔𝑖 = 2.70 НІР0.01(𝑔𝑖 − 𝑔̅)=3.75 НІР0.01sij= 4.58 

         НІР0.05 𝑔𝑖 = 2.03 НІР0.05(𝑔𝑖 − 𝑔̅)=2.85 НІР0.05sij= 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 (gᵢ = 8.20), 

indicating their high breeding value as donors of increased seed productivity. 

Negative GCA effects were recorded for Orex (gᵢ = −7.86), Ranok Podillia (gᵢ 

= −4.78), Chornyi Veleten (gᵢ = −4.42), and Elvis (gᵢ = −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 (sᵢⱼ = 4.23), Elvis/Monopolist (sᵢⱼ = 3.61), 

and Orex/Antariia (sᵢⱼ = 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 (gi = −0.60), 

Monopolist (gi = −0.35), and Chornyi Veleten (gi = −0.27), which may indicate a less 

favorable additive genetic effect for the formation of seed weight per plant. 
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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” 

 

No 
Female parent 

(genotype) 

GCA (sij) 
GCA 

(gi) 

Variance 

Female parent (genotype) GCA 

(σ2
gi) 

GCA 

(σ2
gi) 1 2 3 4 5 6 

1 Chornyi 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: НІР0.01 𝑔𝑖 = 0.17 НІР0.01(𝑔𝑖 − 𝑔̅)=0.26 НІР0.01sij= 0.28 

          НІР0.05 𝑔𝑖 = 0.13 НІР0.05(𝑔𝑖 − 𝑔̅)=0.19 НІР0.05sij= 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 (sij = 

0.54), Ranok Podillia/Antaria (sij = 0.46), Elvis/Ranok Podillia (sij = 0.44), 

Orex/Monopolist (sij = 0.42), and Orex/Chornyi Veleten (sij = 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 F₁ 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 



Scientific and Technical Bulletin of the Institute of Oilseed Crops NAAS (ISSN: 2078-7316), 2026, № 40: 45–57 

© S. S. Yurchuk 

51 

development of F₁ 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: 

Yij = μ + gi + gj + sij + eij,    (1) 

where, Yij is the phenotypic value of the trait in the hybrid combination (i × j); μ is the 

overall population mean; gi, gj are the general combining ability (GCA) effects of the 

parental forms; sij is the specific combining ability (SCA) effect of the hybrid 

combination; eij 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: 

𝜎𝑃
2 = 𝜎𝐺𝐶𝐴

2 + 𝜎𝑆𝐶𝐴
2 + 𝜎𝑒

2,   (2) 

where, 𝜎𝐺𝐶𝐴
2  is the variance of general combining ability; 𝜎𝑆𝐶𝐴

2  is the variance of 

specific combining ability; 𝜎𝑒
2 – 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: 

𝜎𝐺𝐶𝐴
2 ≈ 𝜎𝐴

2,      (3) 

𝜎𝑆𝐶𝐴
2 ≈ 𝜎𝐴𝐷

2 + 𝜎𝐼
2,     (4) 

where, 𝜎𝐴
2 is the additive genetic variance; 𝜎𝐴𝐷

2  is the dominance variance; 𝜎𝐼
2 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 = 𝑤1𝑔1 +𝑤2𝑠𝑖𝑗,     (5) 

where, I is the productivity selection index; w1, w2 are weighting coefficients that 

determine the priority of additive or non-additive gene action within a specific 

breeding program; gi is the general combining ability effect; sij 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: 

𝑌̂𝑖𝑗 = 𝜇 + 𝑔𝑖 + 𝑔𝑗 + 𝑔𝑖𝑗,    (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 F₁ 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 (I*) 

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: *I – 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 (I = 2.35), Monopolist (I = 1.57), and Elvis (I = 

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 (I = 2.35), Monopolist (I = 1.57), and Elvis (I = 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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ВИКОРИСТАННЯ АНАЛІЗУ КОМБІНАЦІЙНОЇ 

ЗДАТНОСТІ ДЛЯ ОПТИМІЗАЦІЇ СЕЛЕКЦІЇ РІПАКУ 

ОЗИМОГО 
 

С. С. Юрчук 
 

Інститут кормів та сільського господарства Поділля Національної академії 

аграрних наук України 

 
Оптимізація селекції Brassica napus L. базується на аналізі 
комбінаційної здатності батьківських форм. Оцінка адитивних і 
неадитивних генетичних ефектів дозволяє точно прогнозувати 
продуктивність гібридів і ефективно добирати вихідний матеріал. Мета 
роботи – встановити закономірності прояву ЗКЗ і СКЗ сортів за 
ознаками продуктивності для обґрунтування стратегій створення 
високопродуктивних гібридів. Досліджено шість сортів за повною 
діалельною схемою схрещування. Генетичні параметри гібридів F1 
оцінювали за методом III Гріффінга, підходами Хеймана та Джінкса. Для 
обробки даних застосовували дисперсійний аналіз, регресійне 
моделювання. Встановлено суттєву генетичну варіабельність за 
основними елементами продуктивності. Найвищі ефекти ЗКЗ за 
кількістю стручків виявлено у сортів Елвіс (4,53) та Чорний велетень 
(1,93), за кількістю насінин – у Антарії (10,08) та Монополіста (8,20), за 
масою насіння – у Елвіса (0,87). Аналіз СКЗ дозволив ідентифікувати 
перспективні гібриди: за кількістю стручків – Монополіст/Чорний 
велетень (7,83) та Орекс/Антарія (7,05); за кількістю насінин – 
Елвіс/Ранок Поділля (4,70); за масою насіння – Антарія/Чорний велетень 
(0,54) та Ранок Поділля/Антарія (0,46). Доведено, що формування ознак 
зумовлене різним співвідношенням адитивної дії генів, домінування та 
епістазу. Розроблена математична модель прогнозування через 
селекційний індекс інтегрує ефекти ЗКЗ та СКЗ, що дозволяє оцінювати 
очікувану продуктивність нових комбінацій і точність гетерозису без 
надлишкових польових випробувань. Отримані результати дозволяють 
оптимізувати селекцію шляхом цілеспрямованого добору батьківських 
пар. Запропонована модель скорочує селекційний цикл і підвищує 
ефективність створення конкурентоспроможних сортів ріпаку озимого. 

 
Ключові слова: ріпак озимий, комбінаційна здатність, загальна комбінаційна 

здатність, специфічна комбінаційна здатність, продуктивність, генетичні ефекти, 

математичне моделювання 
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