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MANIFESTATION OF THE MAIN QUANTITATIVE TRAITS OF PRODUCTIVITY
IN F; HYBRIDS OF BREAD AND DURUM SPRING WHEAT IN THE CONDITIONS
OF THE FOREST-STEPPE OF UKRAINE

M. V. Fedorenko, I. V. Fedorenko, R. M. Blyzniuk
The V.M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region, 08853, Ukraine

Topicality. Studying the nature of the inheritance of productivity traits, the heterosis degree in hybrids
of the first generation of bread and durum spring wheat is an urgent task for developing high-yielding varie-
ties, as well as for predicting the selection and genetic effect of crosses. Purpose. To establish the degree of
phenotypic dominance and the heterosis degree in terms of productivity in F; hybrids of spring wheat.
Materials and methods. The research was conducted at the V. M. Remeslo Myronivka Institute of Wheat of
NAAS of Ukraine in 2023-2024. There were studied 20 hybrid combinations obtained by crossing spring
wheat samples of different ecological and geographical origin. Laboratory-field and mathematical-statistical
methods were used. Results. It was found that overdominance and partial positive dominance were the most
common types of inheritance of the trait “spike length” in F1 hybrids of spring wheat during the years of the
research. For the trait “number of spikelets per spike”, different degrees of phenotypic dominance, which
indicates their significant differentiation, were observed. Based on the traits “number of grains per spike”
and “grain weight per spike”, we identified combinations in which inheritance occurred by the type of over-
dominance and partial positive dominance, and as a result, high productivity of the spike was formed during
the years of study. Conclusions. Characteristics of productivity elements of ears in F1 hybrids obtained from
crossing samples of different ecological and geographical origin of spring wheat had different types of in-
heritance (from depression to overdominance), depending on the selection of pairs for hybridisation and on
the conditions of the year. The most unsuccessful combinations of parental forms were found in combina-
tions of durum spring wheat MIP Kseniia x 211 Tianes, MIP Mahdalena < AR 84/Bintepe 85-OY and bread
spring wheat Hingchun 26 x MIP Svitlana, MIP Vesnianka * Line 15-36, resulting in depression and partial
negative inheritance, and the degree of true and hypothetical heterosis had negative values. By the level of
manifestation of positive heterosis, the combinations of bread spring wheat Xunzhe 9 x MIP Oleksandra,
Yaouyaan 448 x Dubravka, Moyin 2 x MIP Zlata and durum spring wheat MIP Kseniia x MIP Mahdalena,
MIP Mahdalena x Musk Duke, etc. were identified, which demonstrates the significant genetic potential of
the above hybrids.
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Introduction. One of the main methods
of developing source material for wheat bree-
ding is hybridisation, which produces new sam-
ples that combine traits and characteristics in
their genotype that are intended for the breeding
programme. Hybridisation is an important
method of crop breeding, and the key to suc-
cessful hybridisation is the selection of parental
forms. Given that the productivity of parental
forms varies from that of hybrid offspring, the
value of a hybrid combination can only be iden-
tified in later generations. In the early stages of
wheat breeding, it is important to select traits for
analysing hybridisation results, based on which
the selection of elite plants will allow certain
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genetic progress to be achieved and will lead to
an increase in yield potential. Based on the
analysis of various factorial characteristics, the
quantitative parameters of the productivity ele-
ments of plants, the nature of their inheritance,
and heterosis are determined in first-generation
hybrids [1-5].

The development of spring wheat varieties
by hybridisation method begins with the selec-
tion of parental components based on a set of
valuable economic traits.

The selection of parental components (Tri-
ticum aestivum L. and Triticum durum Desf.)
for crossing should be carried out according to
ecological and geographical principles, conside-
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ring the adaptive capacity of the variety, trait
parameters, and the valuable genetic compo-
nents [6]. The selection is based on the idea that
more distant parental forms have greater genetic
differences. Thus, a broad formative process in
hybrid populations and the selection of trans-
gressive forms are ensured, and the desired
traits and properties of different ecotypes are
combined in a new genotype [7]. For breeding
purposes, genetic material from the Ukrainian
plant gene bank collections is widespread, this
allows the hybridisation of genetically and eco-
logically distant forms with different levels of
trait manifestation and the production of qualita-
tively new breeding material. [8]. Therefore, the
involvement of biotypes from different ecological
and geographical groups in crossbreeding contri-
butes to the development of a greater number of new
forms in hybrid populations, which enhances the
effectiveness of breeding work.

The research was aimed at establishing the
degree of phenotypic dominance and the level
of heterosis in terms of productivity traits in
first-generation (F;) hybrids of bread and durum
spring wheat.

Materials and Methods. The research

was conducted at the V. M. Remeslo Myronivka
Wheat Institute of NAAS of Ukraine in 2023
and 2024. The research material included 20
hybrid combinations obtained by crossing samp-
les of bread and durum wheat of different eco-
logical and geographical origins. The seeds of
hybrids and parental forms were sown manually
in a hybrid nursery according to the scheme
‘maternal form — F; — parental form” with a 15 cm
row spacing. The predecessor was soybeans.
Phenological observations were carried out in
accordance with the Methodology for State Va-
riety Testing of Agricultural Crops [9]. To cha-
racterize the quality of environmental conditions
and wheat productivity, the hydrothermal coef-
ficient was calculated [10].

The degree of phenotypic dominance of
traits (hp) was determined using the formula
B. Griffing [11]: hp = (F1 — Mp) / (P max — Mp),
where hp — degree of phenotypic dominance; F; —
value of a trait in a hybrid; Mp — average value
of both parents; P nax — greatest value of one of
the parents.

The obtained data were grouped according to
the classification of G. M. Beil, R. E. Atkins [12].

The manifestation of heterosis was deter-

Class of dominance Numeric value of hp
["eteposuc (HaaIOMiHyBaHHS) hp > +1
YacTkoBe MO3UTHBHE HAOMIHYBaHHS +0.5<hp <+l
[TpomixkHE ycriagKyBaHHS -0.5<hp <+0.5
YacTKoBe BiJl'€MHE yCIaJAKyBaHHS -1<hp<-05
Jemnpecist hp <-1

mined according to Matzinger et al. [13] and
S. Fonseca, F. Patterson [14]:
Ht (%) = (F.— MP)/MP x 100,
Hbt (%) = (F;— BP)/BP x 100,
where F; — arithmetic mean value of a
trait in a hybrid;
BP — the highest manifestation of a trait
from one of the parents;
MP — arithmetic mean of the indicator
for both parental forms.

Results and Discussion. Weather condi-
tions were favourable for the growth and deve-
lopment of spring wheat plants, but were ac-
companied by uneven distribution of precipita-
tion and varying temperature regimes in certain
periods (Table 1). During the period from so-
wing to seedling emergence in 2023, the ave-
rage daily air temperature was +8.3 °C (1.2 °C
above the long-term average), and this period
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was characterised by excessive precipitation of
54.6 mm (higher than the long-term average of
37.0 mm). During the period from seedling
emergence to stem elongation, the average daily
air temperature was within the long-term ave-
rage of +12.5 °C. During the period from stem
elongation stage to heading stage, the air tem-
perature was +18.2 °C, which is 1.8 °C higher
than the long-term average, while precipitation
was only 19.9 mm, which is 2.4 times lower
than the long-term average.

During the period from heading stage to
full ripeness, the air temperature was +20.6 °C
(1.0 °C above the long-term average), and pre-
cipitation was 199.2 mm (1.5 times higher than
the long-term average of 128.0 mm). For a
comprehensive characterisation of moisture and
temperature conditions, the hydrothermal coef-
ficient (HTC) was used, which was 1.34, corres-
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ponding to the optimal moisture level. In sepa-
rate periods, the following conditions were ob-
served: the interstage periods ‘sowing — seed-
ling emergence’ and ‘heading — full ripeness’
were characterised by excessive moisture (HTC =

3.47 and 1.97, respectively), dry conditions pre-
vailed during the periods ‘seedling emergence —
stem elongation’ and ‘stem elongation — hea-
ding’, where the HTC was 0.86 and 0.73, res-
pectively.

Table 1. Hydrothermal conditions for spring wheat vegetation, 2023-2024

Indi Sowing — Seedlings — stem | Stem elongation— Heading —
ndicator - . . .
seedlings elongation heading full ripeness
Air temperature (°C) during interstage periods of spring wheat vegetation
2023 8.3 12.5 18.2 20.6
2024 10.2 13.4 19.8 22.7
¥ 9.25 12.9 19.0 21.7
min 8.3 12.5 18.2 20.6
max 10.2 13.4 19.8 22.7
R 1.9 0.9 1.6 2.1
Long-term average 7.1 12.5 16.4 19.6
Precipitation (mm) in interstage periods of spring wheat vegetation
2023 54.6 57.4 19.9 199.2
2024 44.3 715 26.1 102.4
¥ 49.5 64.5 23.0 150.8
min 44.3 57.4 19.9 102.4
max 54.6 715 26.1 199.2
R 10.3 14.1 6.2 96.8
Long-term average 37.0 58.0 48.0 128.0
HTC 2023/2024 3.47/2.82 0.86/1.21 0.73/0.94 1.97/1.05

Notes. X, min, max — average, minimum and maximum values, respectively, R — range of variation

(max—min).

During the period from sowing to seedling
emergence in 2024, the average daily air tem-
perature was +10.2 °C, which is 3.1 °C higher
than the long-term average and was accompa-
nied by excessive moisture levels (HTC = 2.82).
During the interstage period of plant develop-
ment (seedling emergence — stem elongation),
the average daily air temperature was within the
long-term average (+13.4 °C). Precipitation was
71.5 mm, which was close to the long-term ave-
rage of 58.0 mm. During the period from stem
elongation to heading stage, the air temperature
was +19.8 °C, which is 3.4 °C higher than the
long-term average. Precipitation during the in-
terstage period was only 26.1 mm, and the hyd-
rothermal coefficient was 0.94. During the peri-
od from heading to full ripeness, the air tempe-
rature was +22.7 °C, which is 3.1 °C higher than
the long-term average. Precipitation was 102.4 mm,
which is below the long-term average with op-
timal moisture conditions, as confirmed by the
HTC of 1.05. During the growing season of 2024,
the hydrothermal coefficient was 1.22, which
corresponds to the optimal moisture level.
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It was found that the spike length is
characterised by a clear phenotypic manifesta-
tion, is relatively stable, genetically determined,
well inherited trait, and it is determined by
many genes located in almost all wheat chromo-
somes. At the same time, this trait is a conven-
ient morphological marker for identifying valu-
able genotypes.

Absolute values may vary under the influ-
ence of environmental factors and agricultural
technologies, but the relative difference in this
trait remains the same under identical agroeco-
logical conditions. Therefore, it can be used to
identify genotypes [15-17]. In 2023 and 2024, it
was found that the F; hybrids had different in-
heritance patterns for trait ‘spike length' — from
depression to overdominance (Table 2).

In 2023, the spike length in F; bread
spring wheat ranged from 8.1 cm (MIP Ves-
nianka x Line 15-36, hp = -0.6) to 10.4 cm
(Yaouyaan 448 x Dubravka, hp = 6.5), and in
durum spring wheat from 6.5 cm (MIP Kseniia x
211 Tianes, hp = -1.4) to 7.6 cm (MIP Kseniia x
MIP Mahdalena, hp = 3.5). Only two of the 10

https://doi.org/10.31867/2523-4544/0361



Table 2. Inheritance and degree of heterosis for the trait ‘spike length’

in F, hybrids of bread and durum spring wheat, 2023-2024

2023 2024
Hybrid combination hp * Ht,% | Hbt, % | hp * Ht, % | Hbt,
%
Bread spring wheat
A2 x Elehiia Myronivska 1.1 | OD 3.1 1.0 09 | PPD | 16 0.4
Hunhux x Oksamyt Myronivskyi 0.3 I 1.0 -2.0 06 | PPD | 1.0 -0.1
MIP Vesnianka x Line 15-36 -0.6 | PNI -1.2 -2.9 -0.3 Il 06 | -1.2
Xunzhe 9 x MIP Oleksandra 21 | OD 5.2 3.0 1.9 oD 4.9 2.7
Trizo x MIP Vesnianka 0.5 1 0.8 -0.8 06 | PPD | 1.7 0.5
Yaouyaan 448 x Dubravka 6.5 | OD 7.9 7.1 7.0 oD 5.9 3.9
Moyin 2 x MIP Zlata 1.4 | OD 5.5 1.1 1.3 oD 2.6 1.2
Line 15-36 x Trizo 0.4 1 1.2 -1.4 0.7 | PPD | 1.2 0.1
Gingchun 533 x Struna Myronivska 0.9 TDP 10 04 08 | prD | 05 0.9
Hingchun 26 x MIP Svitlana 04 | 1 -0.7 -1.8 -0.2 I -0.9 | -2.8
Durum spring wheat

MIP Kseniia x 211 Tianes -14 | D -9.3 -11.7 | -11 D -25 | -35
MIP Kseniia x Neodur 0.3 1 1.0 -2.8 0.4 Il 05 | -1.0
MIP Kseniia x MIP Mahdalena 35 | OD 18.4 12.5 5.0 oD 4.7 4.0
MIP Mahdalena x AR 84/Bintepe 85-0OY | -0.8 | PNI -4.4 -5.4 -2.5 D 2.7 | -3.7
MIP Mahdalena x Musk Duken 15 | OD 1.8 0.6 3.0 oD 3.8 2.5
Leukurum 21-04 x Yaryna 0.9 |PPD 1.1 -1.8 1.1 oD 0.9 0.1
MIP Raiduzhna x Neodur 15 | OD 10.4 6.5 2.0 oD 2.7 1.3
MIP Raiduzhna x Yazi 13 -0.7 | PNI -4.0 -3.3 -0.6 | PNI | -29 | -3.8
MIP Kseniia x 121 Yavaros 79 0.7 |PPD 1.3 0.4 09 | PPD | 2.0 0.6
MIP Mahdalena x 030M-1X-OM 1.2 | OD 1.5 0.2 1.7 oD 1.8 0.5

Notes. hp — degree of dominance;* — type of inheritance; Ht, % — hypothetical heterosis; Hbt, % — true
heterosis; OD — overdominance; PPD — partial positive dominance; Il — intermediate inheritance; PNI — partial

negative inheritance; D — depression.

bread spring wheat hybrids had long spike (10.0—
10.4 cm), while other hybrids formed spike at
the level of 8.1-9.8 cm. Among durum spring
wheat hybrids, medium-length spike (6.5-7.6 cm)
was observed in all studied hybrids. It should be
noted that parental forms with medium-length
spikes predominantly transmitted the trait to F;
by partial positive dominance and intermediate
inheritance. The degree of phenotypic domi-
nance for the ‘spike length’ trait in F; bread
spring wheat ranged from -0.6 to 6.5, which
corresponds to the type from partial negative
inheritance to overdominance, and in durum
spring wheat from -1.4 to 3.5 — from depression
to overdominance. It was established that F;
bread spring wheat inherited the trait mainly by
the type of overdominance and intermediate
inheritance. Overdominance (hp = 1.1-6.5) was
observed in four hybrid combinations, in which
positive values of hypothetical (Ht = 3.1-7.9 %)
and true (Hbt = 1.0-7.1 %) heterosis were
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found, allowing us to predict the appearance of
transgressive forms in subsequent generations.
Negative values of both hypothetical and true
heterosis were found in hybrids of bread wheat
and durum wheat, where the degree of pheno-
typic dominance was characterised by an inter-
mediate type of inheritance (Hingchun 26 x
MIP Svitlana, hp = -0.4), partial negative inhe-
ritance (MIP Vesnianka x Line 15-36, hp = -0.6;
MIP Raiduzhna x Yazi 13, hp = -0.7; MIP
Mahdalena x AR 84/Bintepe 85-0Y, hp = -0.8)
and depression (MIP Kseniia x 211 Tianes, hp =
-1.4). In 2024, the nature of trait inheritance did
not differ significantly from that in 2023. Over-
dominance was observed in three combinations
of bread spring wheat and five combinations of
durum spring wheat, with positive values of
hypothetical (Ht = 2.6-5.9 %; 0.9-4.7 %, res-
pectively) and true (Hbt = 1.2-3.9%; 0.1-
4.0 %, respectively) heterosis. The highest va-
lues of overdominance were observed in hybrid
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combinations of bread spring wheat Yaouyaan
448 x Dubravka (hp = 7.0) and durum spring
wheat MIP Kseniia x MIP Mahdalena (hp =
5.0). Partial positive dominance was found only
in one combination of durum spring wheat —
MIP Kseniia x 121 Yavaros 79, hp = 0.9, where
positive values of both hypothetical and true
heterosis (Ht = 2.0%; Hbt = 0.6%) were deter-
mined. Depression was characteristic of two-hyb-
rid combinations: MIP Kseniia x 211 Tianes, hp =
-1.1 and MIP Mahdalena x AR 84/Bintepe 85-
OY, hp = -2.5, while in F; bread spring wheat,
the type of inheritance that prevailed was partial
positive dominance.

Thus, the most common type of inheritan-
ce of spike length was overdominance and par-
tial positive dominance during the years of re-
search. During 2023-2024, the effect of hete-
rosis was consistently observed in three combi-

nations of F; bread spring wheat: Xunzhe 9 X
MIP Oleksandra, Yaouyaan 448 x Dubravka,
Moyin 2 x MIP Zlata, and in four combinations
of durum spring wheat: MIP Kseniia x MIP
Mahdalena, MIP Mahdalena x Musk Duken,
MIP Raiduzhna x Neodur, MIP Mahdalena x
030M-1X-OM, which had positive values of
hypothetical and true heterosis. This indicates
the significant genetic potential of the above
hybrids.

The study of the degree of phenotypic
dominance for the trait ‘number of spikelets in
spike’ in first-generation hybrids of bread and
durum spring wheat obtained from intraspecific
crosses of samples of different ecological and
geographical origins showed that the degree of
inheritance in different years of research varied
from depression to overdominance (Table 3).

It is known that the trait ‘number of spike-

Table 3. Inheritance and degree of heterosis for the trait ‘number of spikelets per spike’
in F, hybrids of bread and durum spring wheat, 2023-2024

Hybrid combination 2023 2024
y hp | * | HL% | Hb,% | hp | * | Ht % | Hbt, %
Bread spring wheat

A2 x Elehiia Myronivska 0.9 | PPD 1.1 0.3 0.8 | PPD 1.0 0.1
Hunhux x Oksamyt Myronivskyi 0.2 I 0.3 -2.0 0.6 | PPD 0.8 0.1
MIP Vesnianka x Line 15-36 -0.8 | PNI -1.4 -3.2 -0.9 | PNI -2.6 -4.2
Xunzhe 9 x MIP Oleksandra 2.1 oD 3.2 2.4 2.3 oD 5.1 2.1
Trizo x MIP Vesnianka -0.3 1 -0.7 -2.8 0.1 Il 0.7 -0.5
Yaouyaan 448 x Dubravka 2.4 oD 3.9 2.1 1.9 oD 3.9 1.9
Moyin 2 x MIP Zlata 0.8 PPD 1.0 0.1 1.1 oD 2.0 0.7
Line 15-36 x Trizo -0.4 I -1.0 -2.4 0.5 1 0.3 0.1
Gingchun 333 > Struna My- 03 | 1 | 02 | ©09 |o1| n | 03 | 07
ronivska

Hingchun 26 x MIP Svitlana -1.7 D -2.7 -9.8 -1.2 D -1.9 -8.8

Durum spring wheat

MIP Kseniia x 211 Tianes -1.7 D -10.3 -14.7 -1.5 D -5.5 -9.5
MIP Kseniia x Neodur 0.6 PPD 1.8 1.0 0.5 1 0.4 -1.1
MIP Kseniia x MIP Mahdalena 2.3 oD 12.4 7.5 4.2 oD 3.7 2.1
MIP Mahdalena x AR 84/Bintepe | -1.3 D -5.4 -9.4 -2.8 D -4.7 -1.7
85-0Y

MIP Mahdalena x Musk Duken 1.9 oD 2.8 1.6 2.1 oD 2.8 1.5
Leukurum 21-04 x Yaryna 0.8 | PPD 1.0 0.7 1.1 oD 0.6 0.1
MIP Raiduzhna x Neodur 1.7 oD 11.4 5.5 2.2 oD 3.7 1.8
MIP Raiduzhna x Yazi 13 -0.9 | PNI -4.5 -3.9 -0.8 | PNI -3.1 -2.8
MIP Kseniia x 121 Yavaros 79 0.3 I 0.3 -0.4 0.4 | 0.4 -0.3
MIP Mahdalena x 030M-1X-OM 0.7 PPD 1.0 0.2 0.8 PPD 11 0.3

Notes. hp — degree of dominance;* — type of inheritance; Ht, % — hypothetical heterosis; Hbt, % — true
heterosis; OD — overdominance; PPD — partial positive dominance; Il — intermediate inheritance; PNI — partial

negative inheritance; D — depression.

lets in a spike' has high heritability, therefore
this trait is quite important as an indicator for
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selection for productivity. The more spikelets in
the ear, the higher the productivity and the
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greater the consistency, with less variability
compared to other traits, making it more im-
portant in plant breeding. This trait is genetical-
ly determined but is influenced by growing con-
ditions and therefore depends on meteorological
factors [18]. Over the years of research, the
number of spikelets per spike in parent forms in
the bread spring wheat varied from 14.0 pcs
(Hingchun 26) to 18.2 pcs (Dubravka), and in
durum spring wheat from 12.6 pcs (211
TIANES) to 15.8 pcs (MIP Mahdalena). In Fy,
depending on the year of research, the value of
the trait ranged from 14.3 pcs (Hingchun 26 x
MIP Svitlana) to 19.1 pcs (Yaouyaan 448 x Dub-
ravka) for bread wheat, and for durum wheat —
from 13.0 pcs. (MIP Kseniia x 211 Tianes) to
16.3 pcs. (MIP Mahdalena x Musk Duken) in
2023; and in 2024 — from 14.8 pcs. (MIP Ves-
nianka x Line 15-36) to 19.2 pcs. (Xunzhe 9 X
MIP Oleksandra) — for bread wheat, and for
durum spring wheat — from 13.3 pcs (MIP Mah-
dalena x AR 84/Bintepe 85-0Y) to 16.6 pcs
(MIP Kseniia x MIP Mahdalena). In 2023, the
maximum number of spikelets per spike (17.9-
19.1 pcs.) was formed by bread spring wheat
hybrids: Yaouyaan 448 x Dubravka (hp = 2.4);
Xunzhe 9 x MIP Oleksandra (hp = 2.1, and du-
rum spring wheat hybrids: MIP Kseniia x MIP
Mahdalena (hp = 2.3), MIP Mahdalena x Musk
Duken (hp = 1.9), and MIP Raiduzhna x Neodur
(hp = 1.7). Positive values for both hypothetical
and true heterosis were found in 40.0 % of hyb-
rid combinations of bread spring wheat and 60.0 %
of durum spring wheat with inheritance patterns
ranging from partial positive dominance to over-
dominance. Hybrid combinations characterised
by intermediate, partial negative inheritance and
depression had negative heterosis values.

In 2024, the following types of phenotypic
dominance were found in first-generation hyb-
rids of bread spring wheat: overdominance was
observed in three combinations, partial positive
dominance in two, intermediate inheritance in
three, partial negative inheritance in one, depress-
sion in one combination, and in durum spring
wheat, four combinations showed overdomi-
nance, one showed partial positive dominance,
two showed intermediate inheritance, one
showed partial negative inheritance, and two
showed depression. Combinations of spring
wheat that showed partial positive dominance
and overdominance had positive values of hypo-
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thetical and true heterosis, while combinations
with intermediate (except for the combination of
bread spring wheat Line 15-36 x Trizo), partial
negative inheritance and depression had nega-
tive values. Thus, in F; spring wheat, different
degrees of phenotypic dominance were ob-
served for the trait ‘number of spikelets per
spike’, indicating their significant differentia-
tion. In 2023-2024, inheritance by overdomi-
nance was found in hybrid combinations of
bread spring wheat: Xunzhe 9 x MIP Olek-
sandra, Yaouyaan 448 x Dubravka, and durum
spring wheat: MIP Kseniia x MIP Mahdalena,
MIP Mahdalena x Musk Duken, MIP Rai-
duzhna x Neodur, which represents particular
value for breeding work.

Research by many scientists has shown
that the trait ‘number of grains per spike’ is the
most stable, and therefore selection should be
based on this trait. The inheritance of the trait
‘number of grains per spike’ is more reliable,
but depends on environmental factors, especial-
ly meteorological conditions. This trait is de-
termined by heredity and can be improved
through selection, and is recommended as a
criterion for selecting source material [19, 20].

Different types of inheritance and degrees
of heterosis were identified based on the ‘num-
ber of grains per spike’ trait in bread and durum
spring wheat hybrids (Table 4).

In 2023, the inheritance pattern of the trait
‘number of grains per spike' in spring wheat
hybrids varied from depression to overdomi-
nance. Overdominance was observed in two
combinations of bread spring wheat: Yaouyaan
448 x Dubravka (hp = 2.0); Xunzhe 9 x MIP
Oleksandra (hp = 1.7) and in three combinations
of durum spring wheat - MIP Kseniia x MIP
Mahdalena, (hp = 2.0); MIP Raiduzhna x Neo-
dur (hp = 1.8); MIP Mahdalena x Musk Duken
(hp = 1.1), which showed positive values of
hypothetical and true heterosis. Their highest
indicators were in the combination of durum
spring wheat MIP Raiduzhna x Neodur (Ht =
12.4%; Hbt = 6.5%). Partial positive dominance
was observed in one combination of bread
spring wheat and in two combinations of durum
spring wheat, where positive values of both hy-
pothetical and true heterosis were found. De-
pression was observed in hybrid combinations
Hingchun 26 x MIP Svitlana (hp = -1.9); MIP
Vesnianka x Line 15-36 (hp = -1.8) of bread
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Table 4. Inheritance and degree of heterosis for the trait ‘number of grains per spike’
in F, hybrids of bread and durum spring wheat, 2023-2024

. N 2023 2024
Hybrid combination
hp | * [ Ht,% [ Hbtt% | hp | * | Ht, % | Hbt, %
Bread spring wheat
A2 x Elehiia Myronivska 0.4 I 0.2 -0.3 0.6 | PPD 0.9 0.1
Hunhux x Oksamyt Myronivskyi -0.2 1 -0.4 -2.6 0.1 I 0.4 -0.5
MIP Vesnianka x Line 15-36 -1.8 D -4.4 -7.2 -0.8 | PNI -2.4 -4.0
Xunzhe 9 x MIP Oleksandra 1.7 OD 3.0 2.1 2.1 oD 4.9 2.0
Trizo x MIP Vesnianka -0.4 1 -0.9 -3.1 0.2 Il 0.9 -0.2
Yaouyaan 448 x Dubravka 2.0 oD 3.4 15 1.8 oD 3.6 1.6
Moyin 2 x MIP Zlata 09 | PPD 1.1 0.3 1.4 | OD 2.2 1.1
Line 15-36 x Trizo -0.6 | PNI -1.3 -2.9 0.5 Il 0.5 0.1
Gingehun 533 x Struna My- 05 | I | 03 | -04 |07 |PPD| 09 | 03
ronivska
Hingchun 26 x MIP Svitlana -1.9 D -2.9 -11.8 -1.4 D -2.2 -7.8
Durum spring wheat
MIP Kseniia x 211 Tianes -1.9 D -11.3 -16.7 -1.7 D -5.9 -10.5
MIP Kseniia x Neodur 0.8 | PPD 2.8 1.2 0.5 Il 0.3 -1.0
MIP Kseniia x MIP Mahdalena 20 | OD 10.4 6.5 3.1 | OD 3.0 1.5
MIP Mahdalena x AR 84/Bintepe | -1.5 D -6.4 -11.2 -1.8 D -2.7 -8.3
85-0Y
MIP Mahdalena x Musk Duken 1.1 oD 1.8 1.0 1.4 | OD 2.0 1.2
Leukurum 21-04 x Yaryna 09 | PPD 1.1 0.7 1.2 | OD 0.8 0.2
MIP Raiduzhna x Neodur 1.8 oD 12.4 6.5 1.7 oD 3.0 1.1
MIP Raiduzhna x Yazi 13 -0.7 | PNI -4.1 -3.3 -0.6 | PNI -3.1 -2.4
MIP Kseniia x 121 Yavaros 79 0.4 I 0.6 -0.1 0.5 1 0.7 -0.1
MIP Mahdalena x 030M-1X-OM 0.5 1 0.2 -0.3 0.7 | PPD 1.0 0.3

Notes. hp — degree of dominance;* — type of inheritance; Ht, % — hypothetical heterosis; Hbt, % — true
heterosis; OD — overdominance; PPD — partial positive dominance; Il — intermediate inheritance; PNI — partial

negative inheritance; D — depression.

spring wheat and in combinations of durum
spring wheat — MIP Kseniia x 211 Tianes (hp =
-1.9) and MIP Mahdalena x AR 84/Bintepe 85-
OY (hp = -1.5) with negative values of hypo-
thetical and true heterosis. In 2024, F; bread and
durum spring wheat formed a greater number of
grains per spike compared to 2023. It was found
that the degree of phenotypic dominance dif-
fered slightly over the years of research. Over-
dominance was found in three hybrid combina-
tions (hp = 1.4-2.1) of bread spring wheat and
in four (hp = 1.2-3.1) of durum spring wheat,
which showed positive values of hypothetical
(Ht = 0.8-4.9 %) and true (Hbt = 0.2-2.0 %)
heterosis. Partial positive dominance was ob-
served in two combinations A2 x Elehiia My-
ronivska (hp = 0.6); Gingchun 533 X Struna
Myronivska (hp = 0.7) of bread spring wheat
and in one durum spring wheat MIP Mahdalena x
030M-1X-OM (hp = 0.7), which were charac-
terised by positive values of hypothetical and
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true heterosis. Negative values of both hypothe-
tical and true heterosis were found in combina-
tions that showed partial negative inheritance
and depression. Hybrid combinations (Xunzhe 9 x
MIP Oleksandra, Yaouyaan 448 x Dubravka) of
bread spring wheat and durum spring wheat
(MIP Kseniia x MIP Mahdalena, MIP Mahdale-
na x Musk Duken, MIP Raiduzhna x Neodur),
in which overdominance with positive values of
hypothetical and true heterosis observed over
the years of study, are of particular value.

The grain weight per spike is an important
yield attribute, having a relatively high heritabi-
lity and transgressive variability, which makes
this trait one of the most important for research
and selection as a productivity marker in bree-
ding nurseries [21]. According to the results of
structural analysis in 2023-2024, it was estab-
lished that the degree of phenotypic dominance
in F1 varied from depression to overdominance
(Table 5). Over the period of research, the ave-
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Table 5. Inheritance and degree of heterosis for the trait ‘grain weight per spike’
in F, hybrids of bread and durum spring wheat, 2023-2024

Hybrid combination 2023 2024
y hp | * | HL% | HBL% | hp | * | Ht % | Hbt, %
Bread spring wheat
A2 x Elehiia Myronivska -0.3 I -0.3 -1.8 0.6 | PPD 0.8 0.3
Hunhux x Oksamyt Myronivskyi -0.6 | PNI -2.4 -7.6 0.2 Il 0.5 -0.7
MIP Vesnianka x Line 15-36 -2.2 D -6.4 -11.2 -0.6 | PNI -1.4 -3.3
Xunzhe 9 x MIP Oleksandra 1.2 oD 2.1 1.6 2.0 oD 4.2 1.8
Trizo x MIP Vesnianka -0.5 1 -1.1 -4.1 0.1 I 0.4 -0.1
Yaouyaan 448 x Dubravka 2.2 oD 3.7 1.8 2.8 oD 5.6 3.6
Moyin 2 x MIP Zlata 0.7 | PPD 1.0 0.3 1.2 oD 2.0 0.8
Line 15-36 x Trizo -0.8 | PNI -2.3 -4.9 0.6 | PPD 0.7 0.2
Gingchun 533 x Struna Myronivska | -0.6 | PNI -4.3 -6.4 0.4 Il 0.3 -0.4
Hingchun 26 x MIP Svitlana -2.5 D -4.9 -12.8 -1.8 D -3.2 -8.7
Durum spring wheat

MIP Kseniia x 211 Tianes -2.2 D -13.3 -18.7 -1.8 D -6.9 -11.5
MIP Kseniia x Neodur 09 | PPD 2.9 1.5 0.6 | PPD 0.7 0.3
MIP Kseniia x MIP Mahdalena 1.3 OD 5.4 3.5 3.0 oD 2.7 1.1
MIP Mahdalena x AR 84/Bintepe | -3.5 D 9.4 -13.2 -2.2 D -2.9 -9.2
85-0Y

MIP Mahdalena x Musk Duken 1.4 oD 2.9 1.1 1.1 oD 1.3 0.9
Leukurum 21-04 x Yaryna 0.7 | PPD 1.0 0.6 1.1 oD 0.9 0.2
MIP Raiduzhna x Neodur 2.8 OD 14.4 6.9 2.7 oD 11.0 5.1
MIP Raiduzhna x Yazi 13 0.3 1 -0.2 -2.3 -0.7 | PNI -3.2 -2.5
MIP Kseniia x 121 Yavaros 79 0.6 PPD 0.9 0.2 0.5 1 0.7 -0.2
MIP Mahdalena x 030M-1X-OM 0.7 | PPD 0.9 0.3 09 | PPD 1.3 0.8

Notes. hp — degree of dominance;* — type of inheritance; Ht, % — hypothetical heterosis; Hbt, % — true
heterosis; OD — overdominance; PPD — partial positive dominance; Il — intermediate inheritance; PNI — partial

negative inheritance; D — depression.

rage grain weight per spike in the parental forms
of bread spring wheat ranged from 1.37 g to
1.75 g, and of durum spring wheat from 1.42 g
to 1.88 g, which indicates differentiation both
within the genotype and over the years of study.
The highest average grain weight per spike of F;
hybrid combinations was formed in 2024
(1.56 g), while in 2023 the indicator was lower
(1.44 g).

In 2023, based on the trait ‘grain weight
per spike", the hybrid combinations of bread
spring wheat Yaouyaan 448 x Dubravka, hp =
2.2; Xunzhe 9 x MIP Oleksandra, hp = 1.2, and
of durum spring wheat — MIP Raiduzhna x Neo-
dur, hp = 2.8; MIP Mahdalena x Musk Duken,
hp = 1.4; MIP Kseniia x MIP Mahdalena, hp =
1.3, which showed overdominance with positive
values of hypothetical and true heterosis, were
recognised as highly valuable for breeding. The
least valuable were hybrid combinations of du-
rum spring wheat MIP Kseniia x 211 Tianes,
MIP Mahdalena x AR 84/Bintepe 85-OY and
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bread spring wheat — MIP Vesnianka x Line 15-
36, Hingchun 26 x MIP Svitlana 1, in which the
inheritance of the trait had negative values of
hypothetical and true heterosis.

Partial positive dominance with positive
values of hypothetical and true heterosis was
found in one combination Moyin 2 x MIP Zlata
(hp = 0.7) of bread spring wheat and in four
combinations MIP Kseniia X Neodur (hp = 0.9);
Leukurum 21-04 x Yaryna (hp = 0.7); MIP
Mahdalena x 030M-1X-OM (hp = 0.7); MIP
Kseniia x 121 Yavaros 79 (hp = 0.6) of durum
spring wheat.

An intermediate type of inheritance was
found in one combination of bread spring wheat
(hp = -0.3) and one combination of durum
spring wheat (hp = 0.3) with a negative value of
hypothetical (Ht = -0.2 —0.3 %) and true (Hbt =
-1.8— -2.3 %) heterosis. In the conditions of
2024, which was characterised by sufficient
moisture levels, different types of inheritance
were identified, which ranged from depression

https://doi.org/10.31867/2523-4544/0361 57



to overdominance. The highest values of hypo-
thetical and true heterosis were observed in hy-
brid combinations Xunzhe 9 x MIP Oleksandra,
Yaouyaan 448 x Dubravka, Moyin2 x MIP
Zlata of bread spring wheat and MIP Kseniia X
MIP Mahdalena, MIP Mahdalena x Musk
Duken, MIP Raiduzhna x Neodur of durum
spring wheat. An intermediate type of inher-
itance with a degree of phenotypic dominance
ranging from 0.1 to 0.4 was determined in 30 %
of hybrid combinations Hunhux x Oksamyt
Myronivskyi, Trizo x MIP Vesnianka,
Gingchun 533 x Struna Myronivska of bread
spring wheat, and in 10 % of durum spring
wheat — MIP Kseniia x 121 Yavaros 79. The
least common type of inheritance of the ‘grain
weight per spike' trait in bread spring wheat
hybrids was partial negative inheritance and de-
presssion, and in durum spring wheat — interme-
diate type and partial negative inheritance.
However, it should be noted that the hybrid combi-
nations of durum spring wheat MIP Kseniia x 211
Tianes, MIP Mahdalena x AR 84/Bintepe 85-
OY and bread spring wheat Hingchun 26 x MIP
Svitlana showed depression in 2023, 2024 and
had negative values of hypothetical and true
heterosis. Hybrid combinations of spring wheat
were identified in which the trait was inherited
as overdominance and partial positive domi-
nance over the years of study, resulting in high
spike productivity — Xunzhe 9 x MIP Oleksan-
dra, Yaouyaan 448 x Dubravka, Moyin 2 x MIP
Zlata, MIP Kseniia x MIP Mahdalena, MIP
Mahdalena x Musk Duken, MIP Raiduzhna X
Neodur, MIP Mahdalena x 030M-1X-OM.
Therefore, one of the most effective ways
to expand genetic diversity is to involve ecological-
ly and geographically distant forms of wheat in
hybridisation. Under such conditions, future varie-
ties can effectively adapt to the environmental
conditions of a specific region and ensure a suf-
ficiently high realisation of the genetic produc-
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08853, Vkpaina

AKTYyalBHicTB. JloCTiKEHHS XapakTepy ycrnaaKyBaHHs 03HAK MPOYKTUBHOCTI, CTYIIEHS T€TEPO3UCY
B TiOpHIiB MEPIIOro MOKOJMIHHS MIISHUII M’ SKOi Ta TBEPJOI APOi € aKTyallbHUM 3aBJIaHHSM TP CTBOPEHHI
BHUCOKOTIPOJIYKTUBHUX COPTIB, & TAKOXK JUIS IIPOTHO3YBAHHS CENEKIIHHO-TEHETUIHOTO €PEeKTy CXpEIlyBaHb.
Meta. BcraHoBuTH CTYIiHE (DEHOTHITIOBOTO JOMIHYBAaHHS T4 PIBEHb I'eTEPO3UCY 32 O3HAKAMH MPOIYKTHB-
HOCTI y Ti0puaax nepioro nokoiinas (F;) mmenuni spoi. Martepiaan Ta metoau. JociipKeHHS IpoBejie-
HO y 2023-2024 pp. B MuponiBcbkomy iHCTUTYTI mineHuni iMeHi B. M. Pemecna HAAH VYkpainu. Ma-
TepiajoM It JOCHI/pKeHb ciyryBanu 20 TiOpwaHUX KOMOIHAI OTpHUMaHUX BiJ| CXpellyBaHHs 3pa3KiB
pi3HOTrO eKoJIoro-reorpad)ivHOro MOXOIKEHHS MIIeHUL] sipoi. BukoprcTano 1ab0paTOpHO-TIOIBOBI Ta MaTe-
MaTHYHO-CTAaTUCTHYHI MeTonu. Pe3yabTaTn. BussieHo, mo HalIOIMMPEHIIIMM THIIOM YCIIaJKyBaHHS O3Ha-
KM «IOBXXHHH KoJioca» B Fj mineHwuin spoi B pOKH JOCIHIHKEHb OyJ0 HaIJAOMIHYBaHHS Ta YaCTKOBE IO3M-
THUBHE JIOMIHYBaHHS. 3a 03HAKOI «KUIBKICTh KOJIOCKIB Y KOJIOCI» CIIOCTEpIrajid Pi3HUN CTYHiHb (PEHOTHIIO-
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BOT'O JIOMiHYBaHHS, III0 CBIMYUTH MPO iX 3HAYHY audepeHItiamito. 3a 03HakaMu «KiTBKICTh 3epeH Y KOJIOC»
Ta «Maca 3epHa 3 KOJoca» BHIUICHO KOMOIHAIli, 32 SKUMH YIPOJOBK POKIB AOCTIHKCHDb YCIAIKyBaHHS
BiIOYBaJOCS 32 TUIIOM HAJJIOMiHYBaHHS Ta YAaCTKOBOTO TO3UTHUBHOTO JAOMIHYBAaHHS 1 SIK pe-3ynbTar (op-
MyBaJIaCh BHCOKa MPOJIYKTHBHICTH KOJIOCa. BHCHOBKH. BCTaHOBICHO, IO MOKa3HUKH CIIEMEHTIB MPOIYK-
THBHOCTI KOJIOCAa MajMl Pi3HI THIM YCMAAKyBaHHS BiJ Jempecii 10 HagmoMiHyBaHHA y F; oTpumaHUX Bifg
CXpeIlryBaHHs 3pa3KiB Pi3HOTO eKOJIOTO-TeorpadivHOro MOXOKESHHS MIEHHUIII SIPOi 3aIeKHO AK BiA madoopy
nap st Tidpuam3arii, Tak i Bii yMOB poky. Hailbinplnl HeBEaaMMU BHSBWIKCS MOEIHAHHS OaTbKiBCHKHX
dbopMm y xomOiHamisx mmenuii TBepAoi spoi MII Keenis x 211 TIANES, MIIT Margane-na X AR
84/BINTEPE 85-OY t1a M’sxoi spoi Hingchun 26 x MIII Ceitiana, MIII Becusnuka X Jlinis 15-36
BHACJII/IOK YOTO CIIOCTEPIraid JETpPecito Ta YaCTKOBE BiJ €MHE YCMaAKyBaHHS, a CTYIIHb ICTHHHOTO Ta TiIlo-
TETUYHOTO TeTEpO3UCYy MaB BiJ’€MHI 3HAYEHHSA. 3a PIBHEM IMPOSBY IMO3UTHBHOTO TETEPO3UCY BHUIIICHO
KoMOiHamii  mmiemwmmi  M’skoi  spoi  Xunzhe 9 x MIIT Onexcanzpa, Yaouyaan 448 x JlyopaBka,
Moyin 2 < MIIT 3nata ta tBepaoi spoi MIIT Kcenis X MIIT Marganena, MIIT Marganena X MUSK DUKE
Ta iH., [0 CBIAYUTH MPO 3HAYHUM ICHSTUYHHI MOTEHITial BUIIICBKA3aHUX TOPUIIB.
Knrouoei cnosa: nuwenuys sipa, ciopuoHi Komoinayii, enemenmu npooyKmueHOCmi
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