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Further increase in gross soybean production requires the introduction of new varieties with
an optimal combination of elements of the crop structure. Hybridization in soybeans is the main
effective method of creating new varieties. Increasing the efficiency of hybridization in obtaining
heterotic offspring is possible when using parental forms with high combinational ability in crosses.

In the study, a two-tester analysis of topcrosses of soybean varieties differing in economically
valuable traits was used. Based on the results of the combinational ability assessment, the value of
soybean varieties was determined by the elements of the yield structure. Heterotic combinations in
first-generation hybrids were identified, from which it is more likely to select highly productive
forms in later hybrid populations F2-F4.

The high effects of ZKZ and SCZ on plant height in varieties Medea, Kyivska 97, Sawyer 2-95
and KiVin tester; on the height of lower bean attachment in varieties Sawyer 2-95, Ustia,
Kharkivska skoroglya and KiVin tester; on the number of productive nodes - in varieties Kyivska 97
and Goverla tester; by the number of beans per plant - in varieties Sawyer 2-95, Kyivska 97 and
tester Goverla; by the number of seeds per plant - in varieties Medea, Kyivska 97 and tester KiVin;
by the weight of 1000 seeds - in varieties Sawyer 2-95, Kyivska 97 and tester Goverla; by the
weight of grain per plant - in varieties Sawyer 2-95, Kyivska 97 and tester Goverla. It was found
that additive effects of genes were predominant in the genetic control of plant height and lower
bean attachment, elements of yield structure and grain weight per plant, but there is a smaller
influence of non-additive effects.

The manifestation of true heterosis (dominance in 100% of cases) in hybrids (F1) was found
in crosses with both testers for the number of productive nodes, number of beans and seeds per
plant, and grain weight per plant.

Keywords: traits, tester, combinatorial ability, dominance, additive effects, heterosis.

Table 11. Fig. 7. Lit. 15.

Review of sources of scientific literature. Further growth in soybean seed
production requires the availability and introduction of new varieties with an optimal
combination of productivity elements [1], early maturity, resistance to diseases and
pests [2], to extreme environmental conditions in different growing areas, and with
high nutritional and feed properties.

To create such varieties, it is necessary to renew and study the new soybean
gene pool, continue the search for sources and donors of economically valuable traits,
identify the peculiarities of variability and inheritance of important traits, optimize
methods for evaluating and creating new source material [3].

103



ISSN 2707-5826 CIJIbCHKE I'OCIIO/JAPCTBO Cenexyisi, HACIHHUYME0, No31
TA JIICIBHUL]TBO HACIHHEZHABCMBO MA COPMO3HABCINGO 2023

The results of the research indicate high heritability of the weight of 100 seeds,
the period from germination to full maturity, from germination to the end of
flowering, the period of fruit formation, oil content, the number of cracked beans on
plants, seed yield per plant, plant height and protein content. There was a significant
positive correlation between the yield and the number of beans per plant. Increasing
the value of this trait ultimately increases the yield. Studies have also shown that the
maximum direct contribution to the next harvest is made by the duration of the fruit
formation period [4]. It is assumed that these traits can be considered as selection
criteria for increasing soybean yields [5].

The results of studies conducted in China showed that the variation in the
number of beans and seeds per plant is the largest, as well as heritability, so they can
create an ideal breeding effect. The yield per plant had a significant genetic
correlation with the number of productive nodes per plant. All selection indices that
included the trait "number of productive nodes per plant” had a good selection effect,
the selection index consisting of the number of productive nodes and the weight of
100 seeds received a selection effect of 226% compared to direct selection.
Therefore, for selections for yield, lines with more productive nodes per plant and
average seed size should be selected [6].

Research in Louisiana showed that differences in soybean yields were
consistently controlled by the number of nodes, productive nodes, beans, and seeds
per m2. However, the trait "number of nodes per 1 m2 did not have as direct an
impact on the formation of high or low yields of varieties as other yield components.
Perhaps, the number of productive nodes per 1 m2 should be used as an additional
criterion for yield selection during the development of soybean plants [7].

Hybridization in soybean has been and is the main effective method of creating
new varieties [3]. Increasing the effectiveness of hybridization in obtaining heterotic
offspring is possible when using parental forms with high combining ability in
crosses. Combining value is usually determined in two ways: general combining
ability (GCA) and specific combining ability (SCA). The two forms of combining
ability - general and specific - differ in their genetic basis. General combinatorial
ability is determined by additive hereditary factors, and specific combinatorial ability
Is based on dominance, superdominance and epistasis [8].

In the topcross system, it is also possible to determine the presence of CCPs and
CCSs in genetically different parental forms [9]. Testers with a broad genetic basis
should be used for the determination of PBDs, and testers with a narrow genetic basis
should be used for SCDs. According to Horner et al. [10], it is effective to use testers
that are distant in origin when selecting forms with high SCC.

Combining ability interprets the various actions and interactions of genes. It is
expressed as general combining ability (GCA) and specific combining ability (SCA).
GCV is used to determine the average value of a variety in hybrid combinations. SCV
Is used when characterizing individual combinations if they are better or worse than
expected based on the average values of the studied varieties [8].

104



ISSN 2707-5826 CIJIbCHKE I'OCIIO/JAPCTBO Cenexyisi, HACIHHUYME0, No31
TA JIICIBHUL]TBO HACIHHEZHABCMBO MA COPMO3HABCINGO 2023

It was found that there is a positive correlation between the amount of heterosis
in the first generation, the degree and frequency of transgressions in weight (r = 0.75,
r = 0.31) and the number of beans per plant (r = 0.35, r = 0.23), as well as the number
of beans on the main stem (r = 0.65, r = 0.42) [14].

It should be noted that it is advisable to select promising plants in those hybrid
combinations where heterosis is observed in the first generation. In other generations
F2-F4, transgressive forms with a significant excess of traits are selected [8].

However, scientists achieve the maximum effect of heterosis only with specially
selected parental pairs for hybridization [3].

Foreign researchers have noted significant contributions of both dominant and
additive effects, with a slight predominance of additive effects in F1 and dominant
effects in F2 [11]. Other authors have also found a significant contribution of
additive and dominant effects with the latter prevailing, and superdominance was
noted in inheritance [12].

In the absence of stress (irrigation), dominant effects prevailed in hybrid
populations, although additive effects were also significant. Instead, under stressful
conditions, additive effects prevailed over dominant ones. Under moisture conditions,
the trait was increased by recessive genes, and under stress conditions - by dominant
genes. In general, the authors conclude that dominant effects and non-allelic
interaction are the most important in the genetic control of a trait for both research
conditions. Non-allelic interaction in various combinations with additive and
dominant effects has been found by other researchers [13].

Research methods. The research was conducted in the experimental field of
Vinnytsia National Agrarian University in 2016-2017. This area is characterized by
the distribution of gray forest soils of light medium loamy texture.

The main method of creating source material in soybean breeding was
intraspecific hybridization. We studied F1 hybrid combinations from interspecific
crosses of soybean varieties of different ecological and geographical origin, which
showed heterosis in the first generation.

The crosses were conducted according to the scheme of full topcrosses. Soybean
varieties Sawyer 2-95, Ustia, Medea, Kyivska 97 and Kharkivska Skoroglya were
used as maternal forms, and testers Hoverla and KiVin were used as paternal forms.
Evaluation was carried out according to the following traits: plant height, lower bean
attachment height, and elements of the yield structure (number of productive nodes,
number of beans per plant, number of seeds per plant, weight of 1000 seeds, weight
of grain per plant). The experiment was conducted in quadruplicate.

Four 1 m long row plots with 45 cm row spacing were sown.

To study the nature of inheritance and the level of heterosis, the degree of
dominance hp was determined, which was calculated using the formula B. Griffing
[8].

hp = F1-MP/HP-MP, where: hp is an estimate of the degree of dominance; F1 is
the arithmetic mean of the trait in plants of the 1st generation hybrid; MP is the
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arithmetic mean of the trait in both parental forms; HP is the value of the trait in the
parent with its maximum manifestation.

The effects of SCZ and SCZ variant were calculated according to the
methodological recommendations. To study F1 hybrid plants, true heterosis was
calculated [8].

Results of experimental studies.

The analysis of variance for general combining ability (GCA) of maternal and
paternal components, as well as specific combining ability (SCA) for valuable
economic traits (plant height and lower bean attachment height, number of productive
nodes, number of beans and seeds per plant, weight of 1000 seeds and grain yield)
obtained as a result of crossing these components is presented in (Tables 1-7).

Significant genotypic differences were found for the listed traits. Significant
effects of the general and specific combinational ability of the studied varieties were
noted. A significant difference in the variants of the ZKZ and SKZ indicates that,
along with the additive effects of genes, non-additive genes also have an important
effect. At the same time, the mean squares of the general combinatorial ability varied
from 1.29 to 310.6 and exceeded the mean squares of the specific combinatorial
ability, which varied from 0.23 to 12.3 (Tables 1-7).

This indicates the dominant role of additive effects of genes in the system of
trait control compared to non-additive genes and the possibility of selecting the best
forms for their breeding improvement.

To establish the genetic determination of plant height in our studies, we used a
two-tester method - topcross, where the varieties Sawyer 2-95, Ustia, Medea,
Kyivska 97, Kharkivska skoroglya were taken as maternal forms, and two testers -
Goverla and KiVin - as paternal forms.

High significant effects of IPA, which determine the tallness of plants, were
noted in varieties Medea (+3.25), Kyivska 97 (+1.85) and Sawyer 2-95 (+0.8). The
negative effects of IPM were characterized by varieties Kharkivska skoroglya (-5.4)
and Ustia (-0.5) (Table 1).

The KiVin tester was characterized by a positive effect of the PPD (+0.43), and
the Goverla tester was negative, which should be taken into account when selecting a
parental component for hybridization as a tester. The effects of the testers' CDDs
were not significant, indicating that the testers were genetically equivalent for this
trait.

The combination Medea x KiVin provided high plant growth due to the additive
effect of both the maternal form (+3.25) and the paternal form (+0.43), and this
combination also had high effects of non-additive gene interaction (SCC = 2.17).

component for hybridization as a tester. The effects of the testers' SCC were not
significant, indicating that the testers were genetically equivalent for this trait.

The combination Medea x KiVin provided high plant growth due to the additive
effect of both the maternal form (+3.25) and the paternal form (+0.43), and this
combination also had high effects of non-additive gene interaction (SCC = 2.17).
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Table 1
Combining ability in plant height of soybean varieties

Analysis of variance
Number _ Criterion F
So_utr_ce of Sum of of degrees Middle theoretical
variation squares of freedom square actual 0.05 001
Parental
forms SCC 1.85 1 1.85 9.6 4.21 7.68
MACs of 88.1 4 22.0 1147 273 411
parent forms
SCS 49.0 4 12.3 63.8 2.73 4.11
Random 5.1 27 0.19
deviations
Varieties The effect of the SCC The effect of the SCS Constant
varieties Tester 1 Tester 2 SCS varieties
Hoverla KiVin
Sawyer 2-95 0.8 -0.12 0.12 0.03
Ustia -0.5 -0.02 0.02 0.01
Medea 3.25 -2.17 2.17 9.41
Kyivska 97 1.85 -1.77 1.77 6.26
Kharkiv early 54 4.08 -4.08 33.3
ripening
Effects of the testers' SCC -0.43 0.43
Variants of the SCS testers 4.80 4.80
Nir 0.05 PCC of varieties 0.89
Nir 0.05 PCC of testers 0.56

the source is formed on the basis of own research results

A similar type of gene interaction was observed in the hybrid combination
Kyivska 97 x KiVin, where the increase in plant height was associated with both
additive effects of maternal and paternal forms, as well as non-additive effects of
gene interaction (Coefficient of Variation = 1.77).

The increase in plant height in the hybrid combination Kharkivska Skoroglya x
Hoverla is associated exclusively with the influence of non-additive effects of gene
interaction of parental components (SCC = 4.08), since the value of the effects of the
crossing components was negative SCC (-5.4) and (-0.43) of the maternal and
paternal forms, respectively.

The analysis of the genotypic structure of plant height variability indicates the
predominance of additive effects of the genes of the studied varieties compared to the
testers. Their contribution was 60.96 and 5.12 %, respectively. The contribution of
the non-additive share of genotypic variation was also high - 33.92 % (Fig. 1).
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Fig. 1. Share of genotypic variability in plant height, 2017,
the source is formed on the basis of own research results

The height of lower bean attachment is a correlated trait with plant height (Table
2). Therefore, taller genotypes will generally have higher lower bean attachment
rates.

However, it should be pointed out that there is a biological dependence of high
lower bean attachment with slightly lower grain yield potential. This will be
discussed in the following experimental data presented in (Tables 3-7).

The analysis of variance of the general combining ability (GCA) of maternal and
paternal components, as well as the specific combining ability (SCA) in pairwise
crosses, indicates that the lion's share of the formation of the height of the lower bean
attachment is played by the additive effects of the genes of the paternal components,
the mean square is 101.7 and a much smaller share of maternal forms is 16.9. At the
same time, there is a smaller effect of non-additive interaction genes - 2.8.

The importance of genetic variants allowed us to estimate the combinational
ability of the studied varieties. As shown by the effects of combinational ability, the
most genetically valuable varieties in terms of the height of lower bean attachment
were Kharkivska Skoroglya and Sawyer 2-95 (the effects of the CCA were 0.74 and
0.69). The KiVin tester was characterized by a high positive effect of the SCC
(+0.91), and the Goverla tester by a high negative effect, which should be taken into
account when hybridizing and selecting a tester.

In the hybrid combinations Kharkivska skoroglya x KiVin and Sawyer 2-95 x
KiVin, the increase in the height of lower bean attachment is associated with both
additive effects of varieties and tester and non-additive interaction genes (CCR =0.14
and 0.09).
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Table 2
Combining ability for the height of attachment of the lower beans of soybean
varieties
Analysis of variance
Source of Sum of I(\jlgé?gssr g]f Middle C“te”otr;\(le:oretical
variation squares freedom square actual 0,05 001
Parental
forms SCC 8.28 1 8.28 101.7 421 7.68
MACs of 5.51 4 1.37 16.9 2.73 411
parent forms
SCS 0.91 4 0.23 2.8 2.73 4.11
Random 2.19 27 0.08
deviations
Varieties The effect of the SCC The effect of the SCS Constant
varieties Tester 1 Tester 2 SCS varieties
Hoverla KiVin
Sawyer 2-95 0.69 -0.09 0.09 0.02
Ustia 0.24 -0.34 0.34 0.23
Medea -0.46 0.56 -0.56 0.63
Kyivska 97 -1.21 0.01 -0.01 0.001
Kharkiv early 0.74 -0.14 0.14 0.04
ripening
Effects of the testers' SCC -0.91 0.91
Variants of the SCS testers -0.03 -0.03
Nir 0.05 PCC of varieties 0.58
Nir 0.05 PCC of testers 0.37

the source is formed on the basis of own research results

The increase in the height of lower bean attachment was noted in the hybrid
combination Ustia x KiVin, which is mostly due to the additive effects of the paternal
component and non-additive effects in pair crosses (CCR = 0.34), the influence of the
additive effects of the maternal component of the CCR (+0.24) is unreliable.

The analysis of the shares of influence of different gene interactions indicates
that the largest contribution (83.74 %) to the formation of the height of lower bean
attachment belongs to the additive effects of the paternal component (Fig. 2). The

contribution of additive effects of the studied varieties was 13.94 %. The share of
non-additive effects was 2.32%.

The results of the analysis of variance of combinational ability by the number of
productive nodes showed that the variants associated with the influence of additive
effects of the studied varieties were significant, since F fact. = 89.88 > F theoret. =
2.73, TCD - testers' variants, F fact. = 19.03 > F theoret. = 4.21, as well as the
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Fig. 2. Share of genotypic variation in the height of lower bean attachment,

2017.
the source is formed on the basis of own research results

variant's SEM for pairwise crosses, F fact. = 5.45 > F theoretical. = 2,73. This
allowed us to estimate the combining ability of the studied varieties (Table 3).
Table 3
Combining ability by the number of productive nodes on the main stem of
soybean varieties

Analysis of variance
o sum of Number of Middle Criterion F .
Source of variation degrees of theoretical
squares freedom square actual 0.05 0,01
Parental forms SCC| 1.29 1 1.29 19.03 4.21 7.68
MACfS of parent | 5, 47 4 6.12 89.88 273 411
orms
SCS 1.48 4 0.37 5.45 2.73 411
Random deviations| 1.83 27 0.068
The effect of the SCS
Varieties The effect- Of. the SCC Tester 1 Tester 2 Constgnt.
varieties - SCS varieties
Hoverla KiVin
Sawyer 2-95 0.63 -0.11 0.11 0.02
Ustia -2.57 -0.61 0.61 0.74
Medea 1.28 0.04 -0.04 0.01
Kyivska 97 1.63 0.59 -0.59 0.69
Kharkiv early 0.97 0.09 -0.09 0.02
ripening
Effects of the testers' SCC 0.36 -0.36
Variants of the SCS testers 0.13 0.13
Nir 0.05 PCC of varieties 0.53
Nir 0.05 PCC of testers 0.34

the source is formed on the basis of own research results
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The analysis of the results showed that Kyivska 97 (+1.63), Medea (+1.28) and
Sawyer 2-95 (+0.63) varieties were characterized by a significantly high effect of
IPM, and Ustia (-2.57) and Kharkivska Skoroglya (-0.97) varieties were characterized
by a significantly low effect of IPM.

The Goverla tester was characterized by a significant positive effect of the IPM
(+0.36), and the KiVin tester had a significant negative effect, which should be taken
into account when hybridizing and selecting a tester.

The effects of the SCZ deviated from the average population values for the
Goverla tester in the range of 0.61...+0.59, and for the KiVin tester - 0.59...+0.61.
The highest positive values were achieved in the pair combination Kyivska 97 x
Hoverla - (SCZ = 0.59) and indicates the importance of both additive and non-
additive interaction of parental forms.

The contribution of the additive effects of varietal genes was high (78.59%), and
the share of tester variance was lower and amounted to 16.65%. However, the entire
genotypic variation of hybrids was 95.24 % dependent on the additive effects of the
genes of the studied varieties (Fig. 3). The share of non-additive gene effects was
4.76%.

m GCA of
testers

m GCA of
varieties

SCA

Fig. 3. Share of genotypic variability in the number of productive nodes on the
main stem, 2017
the source is formed on the basis of own research results

The analysis of variance for the combinatorial ability of the number of beans per
plant showed highly significant differences between the varieties with ZKZ variants,
since F fact. = 102.2 > F theoret. = 2.73, ZKZ - testers' variants, F fact. = 121.1 > F
theoret. = 4.21, as well as the variant's SEM for pairwise crosses, F fact. = 20.5 > F
theoret. = 2.73 (Table 4). Kyivska 97 (+2.81) and Sawyer 2-95 (+1.16) varieties were
characterized by high additive effects on the number of beans per plant, while Ustia
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Table 4
Combining ability by the number of beans on plants of soybean varieties

Analysis of variance
Source of sum of Number of Middle Criterion F _
variation squares degrees of square actual theoretical
g freedom g 0.05 0.01
Parental forms
SCC 15.6 1 15.6 121.1 4.21 7.68
MACs of paren o, g 4 13.2 102.2 2.73 411
forms
SCS 10.6 4 2.6 20.5 2.73 4.11
Random 3.4 27 0.12
deviations
Varieties The effect of the SCC The effect of the SCS Constant
varieties Tester 1 Tester 2 SCS varieties
Hoverla KiVin
Sawyer 2-95 1.16 0.4 -0.4 0.32
Ustia 0.5 -1.45 1.45 4.21
Medea -0.39 -0.75 0.75 1.12
Kyivska 97 2.81 0.25 -0.25 0.12
Kharkiv -4.08 1.55 1155 481
early ripening
Effects of the testers' SCC 1.25 -1.25
Variants of the SCS testers 1.08 1.08
Nir 0.05 PCC of varieties 0.73
Nir 0.05 PCC of testers 0.46

the source is formed on the basis of own research results

(+0.5) had a positive effect, and Kharkivska Skoroglya (-4.08) had a significantly
low effect. The best tester with high additive effects in terms of the number of
beans per plant was the Goverla variety, which had a ZKZ effect of +1.25. That
is, the testers differed significantly in their ability to combine in hybrids. The effects
of non-additive interaction of varietal genes on the background of the tester
Goverla were positive when crossed with the variety Sawyer 2-95 (SCC = 0.4)
and the variety Kyivska 97 (SCC = 0.25).

An increase in the number of beans per plant was obtained in the hybrid
combination Kharkivska Skoroglya x Hoverla, which is associated with a significant
influence of non-additive effects of genes (SCC = 1.55) and additive effects of the
tester (+1.25), while the effect of the mother's SCC was significantly negative (-4.08).
In the hybrid combination Ustia x KiVin, the increase in the number of beans per
plant was associated with non-additive effects (SCR = 1.45), the effect of the
maternal component's SCA, although positive, was unreliable - (0.5), and the paternal
component's SCA was significantly negative (-1.25).
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The analysis of genotypic variability of the number of beans per plant showed
that the additive effects of gene interaction play a dominant role (91.6%) in the
expression of this trait (Fig. 4). It should be noted that the influence of both maternal
(41.9%) and paternal components (49.7%) is almost equal. The share of non-additive
effects of genes in pairwise crosses was 8.4%.

m GCA of
testers
mGCA of
varieties

SCA

Fig. 4. Share of genotypic variability in the number of beans per plant, 2017.
the source is formed on the basis of own research results

The analysis of variance of the combinatorial ability of the number of seeds per
plant indicates highly significant differences between the varieties of the ZPD
variants, first of all, F fact. =378.4 > F theoret. = 2.73 and ZKZ - testers' variants, F
fact. = 194.1 > F theoret. = 4.21, as well as the SCZ of the variants in pairwise
crosses, F fact. = 15.8 > F theoretical. = 2.73 (Table 5).

According to the number of seeds per plant, the varieties Sawyer 2-95 and
Kharkivska skoroglaya were combination-capable, which had a negative effect of
SCD (-2.52 and -7.51), but the varieties Kyivska 97 and Medea in hybrid
combinations increased the value of the trait (SCD effects were +9.87 and +0.98).

Hoverla variety was characterized by high SCC (+2.04). In the pair combinations
Sawyer 2-95 x Hoverla and Ustia x Hoverla, the increase in the number of seeds per
plant was associated with both non-additive effects of genes (SCC = 2.06 and 0.46)
and additive effects of the paternal component of SCC alone (+2.04). In the
combination of crosses Kyivska 97 x KiVin, the increase in the number of seeds per
plant is associated with the additive effects of the maternal genes (+9.87) and non-
additive effects of genes (CCR = 0.84) in pair crosses.

In the pairwise cross Kharkivska skoroglya x KiVin, the increase in the number
of seeds is associated exclusively with non-additive effects of genes (SCC = 1.13),
the value of SCC of both parental forms is significantly negative.
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In the combination of Medea x KiVin crosses, the increase in the number of
seeds per plant is associated with non-additive effects of genes (SCC = 0.53), as well
as with the value of the maternal form SCC (+0.98), since the paternal form is
significantly negative (-2.04).

Table 5
Combining ability by number of seeds on plants of soybean varieties

Analysis of variance
Source of Sum of Number of Middle Criterion F -
variation squares degrees of square actual theoretical
q freedom g 0.05 0.01
Parental 415 1 415 194.1 421 7.68
forms SCC ’ ’ ' ' '
MACs of parentl 5,3 g 4 80.9 378.4 2.73 4.11
forms
SCS 135 4 3.4 15.8 2.73 4.11
Random 5.7 27 0.2
deviations
Varieties The effect of the SCC TTe Zfeif{ea of t_rll_eesstgsz Constant
varieties s SCS varieties
Hoverla KiVin
Sawyer 2-95 -2.52 2.06 -2.06 8.5
Ustia -0.82 0.46 -0.46 04
Medea 0.98 -0.53 0.53 0.6
Kyivska 97 9.87 -0.84 0.84 1.4
Kharkiv early 751 113 113 26
ripening
Effects of the testers' SCC 2.04 -2.04
Variants of the SCS testers 1.45 1.45
Nir 0.05 PCC of varieties 0.94
Nir 0.05 PCC of testers 0.59

the source is formed on the basis of own research results

In the course of testing these varieties, it was found that the contribution of the
interaction of additive gene effects was the highest and amounted to 97.31%, while
the share of varieties accounted for almost twice as much (64.32%). While the non-
additive effects of genes in pair combinations accounted for 2.69% (Fig. 5).

The analysis of variance of the combining ability of 1000 seeds indicates highly
significant differences between the ZPD variants, especially between varieties - F
fact. = 302.7 > F theoret. = 2.73 and the testers' PKD variants, F fact. = 32.8 > F
theoret. = 4.21, as well as the SCZ variants for pairwise crosses, F fact. = 9.1 > F
theoretical. = 2.73 (Table 6). High significant effects of IPM, weight of 1000 seeds
were observed in varieties Sawyer 2-95 (+8.4), Medea (+10.9) and Kyivska 97
(+4.4). The negative effects of ZKZ were characterized by varieties Kharkivska
skoroglya (-20.0) and Ustia (-3.7).

114



ISSN 2707-5826 CIJIbCHKE I'OCIIO/JAPCTBO Cenexyisi, HACIHHUYMBO, No31
TA JIICIBHUL]TBO HACIHHEZHABCMBO MA COPMO3HABCNEO 2023

2.69

m GCA of
testers
m GCA of
varieties

SCA

Fig. 5. Share of genotypic variability in the number of seeds per plant, 2017
the source is formed on the basis of own research results

The tester Goverla was characterized by a positive effect of the PPV (+1.83),
and the tester KiVin - by a negative one, which should be taken into account when
selecting the parental component for hybridization as a tester, the effects of the PPV
of the testers were significant.

In the hybrid combination Sawyer x Hoverla, the increase in the weight of 1000
seeds is associated with both additive effects of maternal (+8.4) and paternal (+1.83)
genes and non-additive effects of pair crosses (SCC = 1.86). Similarly to the hybrid
combination Kyivska 97 x Hoverla, the increase in the weight of 1000 seeds was
provided by both additive and non-additive effects of gene interaction (+4.4 and
+1.83), and the SCZ for pair crosses was 2.07.

Table 6
Combining ability by weight of 1000 seeds of soybean varieties
Analysis of variance
Source of Sum of Number of Middle Criterion F -
variation squares degrees of square actual theoretical
q freedom g 0.05 0.01
1 2 3 4 5 6 7
Parental forms
sce 33.7 1 33.7 32.8 421 7.68
MACs of parent| ,,,, , 4 310.6 302.7 2.73 411
forms
SCS 37.2 4 9.3 9.1 2.73 4.11
Random 27.7 27 1.0
deviations
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continuation of table 6
1 2 3 | 4 5 \
The effect of the SCS
Varieties The effect. of the SCC Tester 1 Tester 2 Constz_:mt_
varieties o SCS varieties
Hoverla KiVin
Sawyer 2-95 8.4 1.86 -1.86 6.9
Ustia -3.7 -2.71 2.71 14.7
Medea 10.9 -1.78 1.78 6.4
Kyivska 97 4.4 2.07 -2.07 8.6
Kharkivearly 20,0 056 056 06
ripening
Effects of the testers' SCC 1.83 -1.83
Variants of the SCS testers 3.08 3.08
Nir 0.05 PCC of varieties 2.07
Nir 0.05 PCC of testers 1.3

the source is formed on the basis of own research results

In the pair combination Kharkivska skoroglya x Hoverla, the increase in the
weight of 1000 seeds is associated with non-additive effects of genes in pair crosses (
SCC = 0.56) and exclusively with additive effects of genes of the SCC tester (+1.83).
In the combination Medea x KiVin, the high heterotic effect on the weight of 1000
seeds is due to the total positive effect of both the additive effects of the maternal
form (+10.9) and non-additive effects of gene interaction in pairwise crosses (CCR =
1.78).

It should be noted that the dominant contribution of additive effects of genes of
varieties (87.83%), and the share of variance of additive effects of testers was lower
and amounted to 9.52% in the total genotypic variability of weight of 1000 seeds
(Fig. 6). The share of non-additive effects of genes was 2.63%.

2,63

m GCA of
testers

B GCA of
varieties

SCA

Fig. 6. The share of genotypic variability in the weight of 1000 seeds, 2017
the source is formed on the basis of own research results
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Grain weight per plant is a polygenic trait that includes elements of the yield
structure of soybean plants. The analysis of variance of combinatorial ability of grain
weight from the plant showed the predominant influence of the additive effects of the
mother forms, mean square F fact. = 152 > F theoret. = 2.73 and paternal F fact. =
48.2 > F theoretical. = 4,21. The influence of non-additive effects was also
significant, but much smaller F fact. = 4.1 > F theoret. = 2.73 (Table 7).

Table 7
Combining ability by grain weight per plant of soybean varieties
Analysis of variance
Number of . Criterion F
Source of variation Sum of degrees of Middle theoretical
squares freedom square actual 0.05 001
Parental forms
sce 3.6 1 3.6 48.2 4.21 7.68
MACs of parent | 5 5 4 11.3 152.0 273 4.11
forms
SCS 1.2 4 0.3 4.1 2.73 4.11
dRaT‘d.om 2.0 27 0.07
eviations
The effect of the SCS
Varieties The effect. Of. the SCC Tester 1 Tester 2 Constgnt_
varieties e SCS varieties
Hoverla KiVin
Sawyer 2-95 0.59 0.62 -0.62 0.76
Ustia -0.63 -0.28 0.28 0.16
Medea 1.54 -0.31 0.31 0.19
Kyivska 97 2.3 0.16 -0.16 0.05
Kharkiv early 3.8 0.17 017 0.06
ripening
Effects of the testers' SCC 0.59 -0.59
Variants of the SCS testers 0.07 0.07
Nir 0.05 PCC of varieties 0.56
Nir 0.05 PCC of testers 0.35

the source is formed on the basis of own research results

The high significant effects of the SCC on grain weight per plant were
characterized by Sawyer 2-95 (+0.59), Kyivska 97 (+ 2.3) and Medea (+1.54), and
significantly low effects were observed in Kharkivska Skoroglya (- 3.8) and Ustia
(-0.63).

The Goverla tester was characterized by a significant positive effect of the SCC
(+0.59), and the KiVin tester was negative, which should be taken into account when
selecting the parental component for hybridization.

The effects of non-additive interaction of varieties' genes on the background of
the Hoverla tester were positive when crossed with Sawyer 2-95 (Coefficient of
Variation = 0.62) and Kyivska 97 (Coefficient of Variation = 0.16). This indicates
that the grain weight per plant of these hybrid combinations was formed by different
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types of gene interactions, both additive and non-additive gene effects in pairwise
Crosses.

In the paired combination Medea x KiVin, the increase in grain weight per plant
Is associated with non-additive effects of genes in paired crosses (Coefficient of
Variation = 0.31) and exclusively with additive effects of genes of the mother form of
the ZKZ (+1.54). In the hybrid combination Kharkivska skoroglya x KiVin, the
increase in grain productivity is associated only with non-additive effects of gene
interaction (CCR = 0.17). The effects of the parental forms are significantly negative.

As a result of the studies, it was found that in these hybrid combinations the
interaction of additive effects of the genes of the parental forms accounted for 74.4%,
and the share of testers accounted for 23.58%. Whereas the non-additive effects of
genes of pair combinations accounted for 2.02% (Fig. 7).

2,02

m GCA of
testers

m GCA of
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SCA

Fig. 7. Share of genotypic variability of grain weight per plant, 2017.
the source is formed on the basis of own research results

In addition to the indicators of combinational ability, the degree of phenotypic
dominance (hp) is often used in breeding practice to qualitatively assess the level of
trait expression in F1 hybrids [8], which characterizes the level of trait expression in
hybrids compared to parental forms.

Positive dominance (hp>+1) in plant height in F1 soybean hybrids was observed
in 100% of cases. Positive dominance (hp>+1) for the height of lower bean
attachment was observed in 60% of cases, and intermediate inheritance (-
0.5<hp<+0.5) - 40.0% (Table 8).

However, it is noticeable that in F1 hybrids in which the inheritance of elements
of the yield structure (number of productive nodes per plant, number of beans per
plant, number of seeds per plant, and grain weight per plant) occurred by the type of
positive dominance, the hp index varied quite a bit depending on the crossing
combination.
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The highest hp values were observed for the number of beans per plant, number
of seeds per plant, and grain weight per plant in the hybrid combinations Sawyer 2-95
x Goverla, Ustia x Goverla, and Kharkivska skoroglya x Goverla.
The value of dominance in the hybrid combination Sawyer 2-95 x Hoverla hp
for these traits varied within 7.8-22.8.
Table 8
The degree of phenotypic dominance (hp) of valuable economic traits
of soybean hybrids (F1), 2017

Crossbreeding combinations
Sawver-2- Kharkivska
Features \g’g ” Ustia x Medea x | Kyivska 97| ya fast
Hoverla Hoverla | x Hoverla | ripening x
Hoverla
Goverla
Plant height, cm 3.6 1.7 1.35 1.31 1.04
Height of attachment of the 0.4 14 19 0.4 43
lower beans, cm
Number of productive nodes 13 19 955 54 13.8
per plant, pcs.
Number of beans per plant, pcs. 22.8 4.5 1.5 3.4 40.4
Number of seeds per plant, pcs. 10.2 36 29 71 15.6
Weight of 1000 seeds, g 2.2 1.1 81.0 1.3 -3.8
Weight of grain per plant, g 7.8 5.9 3.7 6.1 21.3

the source is formed on the basis of own research results

In the hybrid combination Ustia x Hoverla, the degree of inheritance of elements
of the crop structure (number of beans, number of seeds and grain weight per plant),
established in the course of hybridization analysis of F1, was related to
superdominance (hp>+1) and varied from 3.6 to 5.9. In the hybrid combination
Kharkivska skoroglya x Hoverla, hp for the number of beans and seeds and grain
weight per plant varied from 15.6-40.4.

Lower values of dominance for these traits were observed in the hybrid
combination Kyivska 97 x Hoverla, where hp varied from 3.4 to 7.1. As well as in
the hybrid combination Medea x Hoverla, where hp varied from 1.5 to 3.7.

To evaluate F1 hybrids, the degree of true heterosis (Hist) was determined, which
shows how much the average value of the hybrid trait exceeds the average value of
the best of the parental components expressed as a percentage (Table 9).

The manifestation of true heterosis (dominance in 100% of cases) in hybrids (F1)
was found in hybrid combinations by elements of the yield structure (number of
productive nodes, number of beans per plant, number of seeds per plant and grain
weight per plant).
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Table 9

Manifestation of true heterosis in hybrids (F1) for valuable economic traits of

soybean plants, 2017

Crossbreeding combinations
Sawyer-2- Kyivska | KKharkivsk
Features vg\)/%/ " Ustia x Medea x }é7 9 aya fast
Hoverla Hoverla ripening x
Hoverla Hoverla
Goverla
Plant height, cm 3.0 1.6 3.5 2.3 0.7
Height of attachment of the lower 15.2 10 31 10.2 50
beans, cm
Number of productive nodes per 49 15 55 7 36.2 36.5
plant, pcs.
Number of beans per plant, pcs. 82.1 43.8 11.2 38.4 80.0
Number of seeds per plant, pcs. 96.2 38.5 31.9 65.5 83.8
Weight of 1000 seeds, g 10.1 0.3 9.4 0.94 -11.9
Weight of grain per plant, g 116.1 53.5 44.6 67.1 70.3

the source is formed on the basis of own research results

According to the height of attachment of the lower beans of hybrid offspring,
only two combinations Medea x Goverla and Kharkivska skoroglyha x Goverla
inherited them by the type of superdominance (hp>+1). As for the weight of 1000
seeds, superdominance was observed in the hybrid combinations Sawyer 2-95 x

Goverla and Medea x Goverla.

Lower rates of phenotypic dominance (hp) of yield structure elements, as well as
true heterosis, were observed in these varieties when crossed with the KiVin tester
compared to the Goverla tester, indicating a lower general combining ability (GCA)

of the KiVin tester (Table 10).

Table 10

The degree of phenotypic dominance (hp) of valuable economic traits of

soybean hybrids (F1), 2017
Crossbreeding combinations
. Kharkivsk
Features Savg\)/%/exr-z- Ustia x | Medea x Ké?’ika aya fast
Hoverla Hoverla ripening x
Hoverla Hoverla
Goverla
Plant height, cm 4.6 10.2 2.1 2.1 0.5
Height of attachment of the lower 30 10 0.4 01 13
beans, cm
Number of productive nodes per 19 37 16 917 20
plant, pcs.
Number of beans per plant, pcs. 10.0 3.7 1.4 2.7 10.4
Number of seeds per plant, pcs. 6.2 3.8 3.1 9.3 8.5
Weight of 1000 seeds, g 1.5 1.1 13.8 -0.2 -6.5
Weight of grain per plant, g 5.0 7.4 4.0 6.7 7.9

the source is formed on the basis of own research results
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Only in the hybrid combination Sawyer 2-95 x KiVin the degree of inheritance
for all valuable economic traits, which was established during the

hybridization analysis of F1, was related to superdominance (hp>+1) and varied
from 1.2 to 10.0. In the hybrid combinations Ustia x KiVin and Medea x KiVin hp,
positive dominance (hp>+1) was observed for all valuable economic traits, except for
the height of lower bean attachment.

According to the height of attachment of the lower beans in the first hybrid
combination, positive dominance (+0.5<hp<+1) was noted, and in the second -
intermediate inheritance (-0.5<hp<+0.5).

In the hybrid combination Kyivska 97 x KyVin, positive superdominance
(hp>+1) was observed for the majority of traits, except for the height of the lower
beans and the weight of 1000 seeds, where intermediate inheritance was observed (-
0.5<hp<+0.5). In the hybrid combination Kharkivska skoroglya x KiVin, the degree
of inheritance for valuable economic traits, which was established during the hybrid
analysis of F1, was related to superdominance (hp>+1), except for plant height,
where intermediate inheritance was observed (-0.5<hp<+0.5) and weight of 1000
seeds, where negative superdominance (hp<-1) was observed.

A comparative analysis of the proportion of heterotic hybrid combinations from
crossing parental forms that differed in valuable economic traits is presented in
(Table 11).

Table 11
Manifestation of true heterosis in hybrids (F1) for valuable economic traits of
soybean plants, 2017

Crossbreeding combinations
Features Sawyer-2-95 x| Ustia x | Medea x | Kyivska 97 x I?:;rﬁlv:rlﬁya
Hoverla Hoverla | Hoverla Hoverla N Gori/erlag

Plant height, cm 3.1 2.7 10.2 8.1 -7.3
Height of attachment of the
lower beans, cm 0.8 0 -12.9 -14.5 2.4
Number of productive nodes 18 3.0 6.7 995 9.6
per plant, pcs. ' ' ' ' '
Number of beans per plant, 75 7 44.7 95 393 63.8
cs. : : : : :
Number of seeds per plant, 20.2 332 28.8 62.7 676
cs. : : : : :
Weight of 1000 seeds, g 4.7 0.3 8.2 -3.4 -14.6
Weight of grain per plant, g 78.9 49.1 41.3 57.2 49.6

the source is formed on the basis of own research results

Superdominance in 100% of cases, i.e. the manifestation of true hybrid heterosis
(F1) was found in all hybrid combinations when crossed with the KiVin tester in
terms of the number of productive nodes, number of beans per plant, number of seeds
per plant and grain weight per plant.
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Conclusions and prospects for further research.

The high effects of SCC and SCP on plant height in varieties Medea, Kyivska
97, Sawyer 2-95 and KiVin tester; on the height of lower bean attachment in varieties
Sawyer 2-95, Ustia, Kharkivska skoroglya and KiVin tester; on the number of
productive nodes - in varieties Kyivska 97 and Goverla tester; by the number of
beans per plant - in varieties Sawyer 2-95, Kyivska 97 and tester Goverla; by the
number of seeds per plant - in varieties Medea, Kyivska 97 and tester KiVin; by the
weight of 1000 seeds - in varieties Sawyer 2-95, Kyivska 97 and tester Goverla; by
the weight of grain per plant - in varieties Sawyer 2-95, Kyivska 97 and tester
Goverla. It was found that additive effects of genes were predominant in the genetic
control of plant height and lower bean attachment, elements of yield structure and
grain weight per plant, but there is a smaller influence of non-additive effects.

The manifestation of true heterosis (dominance in 100% of cases) in hybrids
(F1) was found in crosses with both testers in terms of the number of productive
nodes, the number of beans and seeds per plant, and the weight of grain per plant.
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) AHOTAITIA
CEJEKIIHHO-TEHETHYHI OCOBEJTHBOCTI COPTIB COi 34 ITPOSIBOM
O3HAK Y I'TEPHJIB F1 Y TOITKPOCHUX CXPEIIYBAHHIX

Tlooanvute niosuwenHs 6an068020 8UPOOHUYMBA COI NOMpebye BNPOBAVNHCEHHS HOBUX COPMIEB
3 ONMUMATLHUM NOEOHAHHAM elleMenmie cmpykmypu epodicaro. 1ibpuduzayis y coi € ocHo8HUM
ehekmusHuUM MemooomM cmeopenHs Hosux copmis. Iliosuwenns epexmusnocmi ciopuouszayii 6
00EPIHCAHHT  2eMePO3UCHO20 NOMOMCMEA  MONCIUBE NPU  BUKOPUCMAHHI 8  CXPEUSyBaAHHAX
OamvKi8COKUX (hOPM 3 BUCOKOI KOMOIHAYIUHOW 30AMHICIIO.

YV 0ocnioocennsx sukopucmano 0eomecmepuuli aHali3 MONKPOCHUX CXPEWy8aHb COpmMis coi,
AKI 8IOPI3HAIOMBCS 3 20CNO0APCOKOYIHHUMU O3HAKAMU. 3a pe3yTbmamamu OYiHKU KOMOIHAYIUHOT
30amMHOCMI BU3HAYEHO UYIHHICMb COpMI6 COi 3a eleMeHmamu CMpyKmypu epodxcar. Buodineno
2emepo3ucHi  KomoOinayii y 2ibpudie nepuioco NOKONIHHA, 3 SAKUX IMOGIpHiwe 6idibpamu
BUCOKONPOOYKMUBHI hopmu y nizHiwux 2iopudnux nonyiayiax F2-F4.

Bcmanoeneno sucoxi egpekmu 3K3 i CK3 3a sucomoro pociun y copmis Meoes, Kuiscvka 97,
Coep 2-95 i mecmepa KuBin, eucomu npuxpinienus nudicHix 606ie y copmy Coep 2-95, Ycems,
Xapxiscoka cxopocmuena i mecmepa KuBin, 3a KintbKicmio npoOyKMuUSHUX 6y371ie — y COpmis
Kuiscora 97 i mecmepa I'osepna; 3a xinvkicmio 600i6 na pociuni — y copmie Coep 2-95, Kuiscoka
97 i mecmepa l'osepna; 3a xinbkicmio Hacimun Ha pociauni — y copmie Medes, Kuiscoka 97 i
mecmepa KuBin, 3a macorw 1000 nacinun —y copmis Coep 2- 95, Kuisecoka 97 i mecmepa I'oepaa;
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3a macoio 3epHa i3 pocaunu —y copmie Coep 2-95, Kuiscoxka 97 i mecmepa I'oéepra. Bcmarnosneno,
Wo nepesaxdcaroyumu y 2eHemudHoOMY KOHMPONL BUCOMU POCIUH [ NPUKPINIEHHS HUNCHIX 000i8,
e/leMeHmi6 CIMPYKMypu 8poiCar ma MAacu 3epHa i3 pociuHu 0yau aoumueti eghekmu 2enis, npome
HASAGHULL MEHWULL BIIIUE MAKONC HEAOUMUBHUX eDeKmis.

IIpose icmunnozo eemepo3sucy (Haodominyeanns 'y 100 % eunaokis) y ciopuoie (F1) eusgneno
V CXpewyy8anHi 3 00oma mecmepamu 3a KilbKicmio RpoOOYKMUBHUX 8Y3], KiIbKicmio 60018 i HaciHuH
Ha pOCAUHI MA MACOI0 3ePHA i3 POCTIUHU.

Knrwowuoei cnoea: oszmaxu, mecmep, KoMOiHayilina 30amHicmb, HAOOOMIHYBAHHS, AOUMUBHIL
ehexmu, cemepo3uc.

Taon. 11, Puc. 7. Jlim. 15.
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