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was conducted on 15 intervarietal hybrids. F, and parental components were analysed for traits such as plant
height, spike length, number of spikelets per spike, number of grains per spikelet, and grain weight per spikelet.
Field research methods (phenological observations), laboratory methods (structural analysis of the material under
study), and mathematical-statistical methods (objective evaluation of the experimental data obtained) were used.
A prominent level of the coefficient was observed for the trait ‘grain weight per spikelet”, ranging from 0.66 to
0.88 in hybrid populations OM 11-3007/Abel, OM 2803/Abel, Percy Can/Inermis, Percy Can/Abel. The analysis of
the second-generation F, intervarietal hybrids of naked oat allowed the identification of transgressions for all the
studied traits. The highest number of positive transgressions was found for the following productivity traits: spike
length (Tf 31.82 - 59.09%, Td 7.53 - 15.49%); number of spikelets per spike (Tf 27.30 - 54.50%, Td 8.85 - 26.49%);
number of grains per spikelet (Tf 45.50 - 77.27%, Td 16.63 - 27.62%); and grain weight per spikelet (Tf 63.64 -
81.80%, Td 18.12 - 25.36%). The selection-genetic analysis of studying the nature of heritability, frequency, and
degree of transgressive variation in spikelet productivity traits of F, naked oat hybrids allowed the identification
of a considerable number of transgressive forms, in which productivity elements vary widely, indicating successful
selection work in creating promising high-yielding breeding material

Keywords: naked oat; productivity traits; hybrid combinations; parental components; heritability, transgression

INTRODUCTION

Naked oat is a relatively new grain crop that is currently
perceived as niche. However, with each passing year, the
demand for products made from naked oat is increas-
ing, as more people seek to consume quality and healthy
food. The rising demand for healthy food products, such
as organic, bio, fitness, and farmer’s products, produced in
limited quantities, has been observed (Tinker et al.,2022).
L.0. Udova (2018) also confirms this trend in Ukraine.

Nevertheless, it remains a tradition to primarily
cultivate hulled oats, while naked oat occupies insig-
nificant areas in production. However, this makes na-
ked oat a unique crop in its own way. Some opinions
attribute the limited use of naked oat in modern pro-
duction to its insufficient study, higher demands for cul-
tivation conditions, and certain biological drawbacks
that ultimately affect its yield and quality (Hoptsiy &
Kravchenko, 2023).

According to Necheporenko and Orlov (2020), in-
creasing oat yield through selection is the most chal-
lenging task. T.P. Lozinska (2019) believes that address-
ing this challenge, along with enhancing resistance to
abiotic and biotic factors, is possible through genetic
and selective improvement of varieties, which, in turn,
depends on the availability of suitable starting material
with valuable breeding traits (Bilyavska & Rybalchenko,
2020). Incorporating valuable genotypes into the
breeding process to create new varieties allows for the
combination of valuable agricultural traits in hybrids,
improves grain quality, and ultimately enhances the
economic efficiency of oat cultivation (Haleem et al.,
2022). To achieve this goal, breeders employ various
selection methods, but interspecific hybridization re-
mains the most effective method (Lozinsky et al., 2021).
According to Nimbala Anisa and Neik Rudra (2021), the
creation of hybrids should be purposeful, and knowl-
edge of the patterns of trait “heritability” enables more
efficient selection, elimination of low-value forms, and
preservation of promising genotypes.
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The use of positive transgressions is common in
the creation and improvement of self-pollinating plants
(Shchuts, 2019; Rauf et al., 2020). Researchers empha-
size the significance of transgressions and consider pos-
itive transgressions to be the most effective approach in
working with breeding materials. Positive transgressions
resulting from recombination of different economi-
cally valuable traits are particularly valuable in breeding
(Tomaszewska & Kosina, 2019; Lozinsky et al., 2021).

Tromsiuk and Bugayov (2021) highlight the impor-
tance of obtaining positive transgressions through the
application of the ecogeographic principle in selecting
parental pairs for hybridization.However,in their studies,
Koroluk et al. (2022) pointed out that the genetic diver-
gence of parental components can yield both positive
and negative results. On one hand, it allows obtaining
hybrid populations with certain traits that significantly
exceed those of the parental forms. On the other hand,
the hybrids may not conform to the desired model.

The analysis of breeding and genetic research
shows that scientists have achieved some results in
understanding the occurrence of transgressive varia-
bility to some extent. However, there is still no unified
theory of trait transgression and adequate explanations
for this genetic phenomenon (Lekhman, 2019; Lozinsky,
2021). Therefore, the question of the heritability of
productivity elements and their transgressive variabil-
ity in F, hybrids of naked oat remains relevant, as its
resolution can enhance the selection value of hybrid
combinations and contribute to the development of
promising genotypes. Hence, this study was conducted
to determine the coefficient of heritability and the fre-
quency and degree of transgression for key productivity
elements in F, hybrid generation of naked oats.

MATERIALS AND METHODS

The research was conducted from 2018 to 2021 at the
Scientific-Educational Production Centre “Experimental




Field” of V.V. Dokuchaev Kharkiv National Agrarian Uni-
versity (since September 2021, State Biotechnological
University). The soil cover of the experimental field con-
sisted of typical chernozem, slightly eroded, low humus
content, heavy loamy on forest loam. According to the
Department of Soil Science at V.V. Dokuchaev Kharkiv
National Agrarian University, the humus content in one
soil layer (according to Turin) was 5.0%.

During 2018, the collection samples of naked oat
obtained from the National Plant Genetic Resources Cen-
tre were studied and analysed for key agronomic traits.
Based on the analysis, nine varieties were selected:
Skarb Ukrainy, Inermis, Pushkinskyi, Holz, Vandrounik,
Marafon, Samuel, Percy Can, Abel, and four inbred lines:
OM 11-3007, OM 28-03, TR 12-115, and w/o No. Ren
Nuda, of naked oat from domestic and foreign breeding,
were selected for hybridization. Parental components for
crossing were selected based on the level of expression
of key agronomic traits and the ecological-geographical
principle, which formed three groups: 1) hybridization
of varieties and inbred lines of domestic origin among
themselves; 2) hybridization of varieties and inbred lines
of domestic origin with varieties from different ecolog-
ical-geographical groups (foreign origin); 3) hybridiza-
tion of varieties from different ecological-geographical
groups (foreign origin) among themselves.

In 2019, hybridization was conducted through me-
chanical castration of flowers of the maternal plant, fol-
lowed by forced pollination after 2 days using the Shishlov
method. Plant isolation was ensured with paper bags.
Based on the selected parental material, 15 hybrid com-
binations were created and studied in the hybrid nursery
in 2020. In the F, hybrids, the level of phenotypic domi-
nance, true and hypothetical heterosis were determined.

In 2021, the second-generation hybrid populations
were studied to establish the coefficients of heritability
and the frequency and degree of transgressive variation
for key productivity elements. The sowing of F, hybrid
population seeds and parental forms was carried out in
the second decade of April in the hybrid nursery using
the “parental form - F, - parental form” scheme with a
row width of 15 cm. Throughout the vegetation period,
phenological observations were conducted. Plant har-
vesting was done at full maturity, with all oat plants
harvested with their roots. Structural analysis of hybrid
plants and parental forms was conducted individually
for traits such as spike length, number of spikes and
grains per spike,grain weight per spike,and plant height.

The coefficient of heritability in the “broad sense”
(H) was determined in F, using A.A. Zhuchenko’s
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formula (1980), which is considered a quantity that
reflects the real situation and can be used for the ef-
fective selection of transgressive forms. According to
0.Ya. Ala’s classification (1976), the coefficients of her-
itability were divided into: high - H?=0.66-1.00; me-
dium - 0.33-0.65; low - 0.00-0.32. The degree (7d) and
frequency (Tf) of transgression were calculated using
the Voskresenska-Shpot method (1967).

During the research, the meteorological conditions
in 2021 were favourable for the growth and develop-
ment of the obtained oat hybrids, although there were
certain deviations in some periods both in terms of air
temperature and precipitation. For instance, May to
June, the period when productive stems and the num-
ber of grains in the spike are actively formed, character-
ized by an adequate amount of precipitation with slight
deviations from the monthly norm. The amount of pre-
cipitation in April was 37.3 mm, in May - 52.1 mm, and
inJune - 82.0 mm (compared to the long-term norms of
349 mm, 43.7 mm, and 65.7 mm, respectively). The air
temperature was also close to the average long-term
indicators. However, July and August were dry months,
with air temperatures of +24.5°C and +24.1°C, and pre-
cipitation of 26.6 mm and 12.9 mm, respectively.

RESULTS AND DISCUSSION

Special attention was paid to analysing the investi-
gated F, populations, focusing on the manifestation of
positive transgressive forms of productivity traits. Un-
derstanding the mechanisms of their heritability can
lead to the creation of valuable parental material for
future new cultivar development.

Regarding the length of the panicle, the manifesta-
tion of positive transgression was observed in 12 (80%)
F, combinations (Table 1). However, their frequency and
degree varied significantly. The frequency of transgres-
sions ranged from 4.55% to 59.09%, while the degree
of transgression ranged from 1.41% to 15.49%. Three
combinations showed no transgression. The most prom-
ising populations were as follows: Samuel/Percy Can
(Tf = 59.09%, Td - 15.49%), Skarb Ukrainy/Abel (Tf -
40.91%, Td - 10.53%), Skarb Ukrainy/w/o No. Ren Nuda
(Tf - 36.36%, Td - 8.95%), OM 11-3007/TR 12-115 (Tf -
27.27%, Td — 9.85%), OM 2803 / Abel (Tf - 31.82%, Td -
8.37%), and Marafon/Abel (Tf - 45.45%, Td - 7.53%).

The heritability coefficient, which exceeded 0.50,was
observed in the population of Samuel/Percy Can, with a
value of 0.51. In the populations of OM 11-3007/Push-
kinskyi, TR 12-115/Vandrounik, and Holz/TR 12-115, no
manifestation of transgressive forms was observed.

Table 1. The heritability coefficient, frequency, and degree of transgression for panicle length
in F, naked oat populations (2021)

Crossing combinations ?

X*Sx

d H? Tf, % Td, %

Skarb Ukrainy/w/o No.Ren Nuda 17.70

18.9%0.5

17.00 0.18 36.36 8.95

Scientific Horizons, 2023, Vol. 26, No. 8
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Table 1, Continued

Crossing combinations g X£Sx d H? Tf, % Td, %
Skarb Ukrainy/Abel 17.7 18.6%0.7 17.2 0.42 36.36 10.53
OM 11-3007/TR 12-115 18.90 19.4+0.7 177 0.37 27.27 9.85
OM 11-3007/Holz 18.90 19.3£0.6 18.5 0.15 18.18 8.95

OM 11-3007/Pushkinskyi 18.90 18.88+0.5 18.6 0.00 - -
OM 11-3007/Samuel 18.9 19.8%0.5 19.1 0.15 31.82 1.48
OM 11-3007/Abel 18.9 19.6%0.6 17.2 0.28 40.91 6.90
OM 2803/Marafon 18.10 18.9£0.7 15.6 0.28 22.73 493
OM 2803/Abel 18.10 20.0x0.6 17.2 0.24 31.82 8.37

TR 12-115/Vandrounik 17.70 17.60.4 171 0.00 - -

Holz/TR 12-115 18.50 18.5£0.6 17.7 0.00 - -
Marafon/Abel 15.6 18.6x0.4 17.2 0.01 36.36 7.53
Samuel/Percy Can 19.1 21.4%0.9 19.7 0.50 54.55 15.49
Percy Can/Intermis 19.7 20.0£0.5 184 0.24 13.64 1.88
Percy Can/Abel 19.70 19.7£0.5 17.2 0.08 4.55 0.00

Note: Max Q3 - maximum value of the trait in parental forms, XtSx - mean value of the trait in F, H? - coefficient of

heritability in the broad sense, Tf - transgression frequency, Td - transgression degree
Source: compiled by the authors of this study

According to the trait “number of spikes per pan-
icle”, positive transgressive forms were observed in
all the combinations analysed within the F, hybrid
populations (Table 2). Among them, the population of
Holz/TR 12-115 exhibited a high degree of expression
of the heritability coefficient (0.69), eleven populations
showed a moderate level (0.34-0.60), and three com-
binations, OM 11-3007/Pushkinskyi, Skarb Ukrainy/w/o
No. Ren Nuda, OM 2803 / Marafon, displayed a low her-
itability coefficient (0.26, 0.18, and 0.14, respectively).

The frequency of transgressive expression ranged
from 4.50% to 54.50%, while the degree of transgres-
sion varied from 5.67% to 26.49%. The populations
with the highest frequency and degree of transgres-
sion were OM 2803 / Abel (Tf - 54.50%, Td - 24.88%),
Marafon/Abel (Tf - 50.0%, Td - 8.85%), Samuel/Percy
Can (Tf - 31.80%, Td - 26.49%), OM 11-3007/Pushkin-
skyi (Tf - 31.80%, Td - 13.33%), OM 11-3007/Samuel
(Tf - 27.3%, Td - 20.75%), and Skarb Ukrainy/Abel (Tf -
27.30%, Td - 15.84%).

Table 2. Heritability coefficient, frequency, and degree of transgression for the number of spikes

per panicle in F, naked oat (2021)

Crossing combinations ? X£Sx J H T, % Td, %
Skarb Ukrainy/w/o No.Ren Nuda 37.8 41.0+1.8 33.6 0.18 18.20 4.46
Skarb Ukrainy/Abel 37.8 39.2%£2.3 36.7 0.48 27.30 15.84
OM 11-3007/TR 12-115 37.8 38.4%1.8 31.3 0.36 22.75 6.09
OM 11-3007/Holz 37.8 38.5+2.5 371 0.38 27.30 12.68
OM 11-3007/Pushkinskyi 37.8 42.9%2.3 38.0 0.26 31.80 13.33
OM 11-3007/Samuel 37.8 38.2¥4.0 37.8 0.60 27.30 20.75
OM 11-3007/Abel 37.8 39.3+1.8 36.7 0.34 22.30 8.43
OM 2803/Marafon 36.2 39.7%2.1 344 0.14 18.20 10.07
OM 2803/Abel 36.2 42.3%£2.5 36.7 0.47 54.50 24.88

TR 12-115/Vandrounik 31.3 39.7%1.8 36.4 0.39 13.60 5.67
Holz/TR 12-115 371 38.3%4.1 31.3 0.69 22.70 23.17
Marafon/Abel 344 38.3+1.8 36.7 0.41 50.0 8.85

Scientific Horizons, 2023, Vol. 26, No. 8
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Table 2, Continued

Crossing combinations g X£Sx d H? Tf, % Td, %
Samuel/Percy Can 37.8 40.8%4.6 32.8 0.54 31.80 26.49
Percy Can/Inermis 32.8 39.9+35 377 0.37 22.70 17.90

Percy Can / Abel 32.8 39.8£2.3 36.7 0.34 4.50 19.66

Note: Max Q& - maximum value of the trait in parental forms, XSx - mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree

Source: compiled by the authors of this study

The number of grains in the best parental plants
ranged from 37.5 to 52.5 pcs. In F,, this parameter var-
ied from 49.5 to 64.0 grains (Table 3). Positive trans-
gressions were observed in all F, combinations. The
heritability coefficient in most investigated populations
(67.6%) was moderate, ranging from 0.34 to 0.64, while
the other five populations exhibited a low coefficient
value. The frequency of transgressions ranged from
18.2% in the population Marafon/Abel to 77.27% in the
population OM 2803/Abel. The degree of transgres-
sion for this trait ranged from 4.63% to 40.15%. The
highest degree of transgression was observed in the

populations OM 11-3007/Samuel (40.15%), Holz/TR
12-115 (29.42%), OM 2803/Marafon (27.62%), Skarb
Ukrainy/w/o No.Ren Nuda (25.25%),and OM 2803/Abel
(22.85%).

The best populations, which exhibited a higher
degree and frequency of transgressions for the num-
ber of grains per panicle, were OM 2803 / Abel (Tf -
77.27%, Td - 22.85%), Skarb Ukrainy / w/o No. Ren Nuda
(Tf - 59.10%, Td - 25.25%), OM 11-3007 / Abel (Tf -
45.50%, Td - 17.15%), OM 2803/Marafon (Tf - 50.00%,
Td - 27.62%), and OM 11-3007/Holz (Tf - 50.00%, Td -
16.63%), OM 2803 /Abel (Tf-77.27%, Td — 22.85%).

Table 3. Heritability coefficient, frequency, and degree of transgression for the number of grains
per panicle in F, of naked oat (2021)

Crossing combinations ? X£Sx 3 H 1, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 41.6 54.2%2.8 46.2 0.52 59.10 25.25
Skarb Ukrainy/Abel 41.6 54.9%2.2 52.5 0.39 27.30 5.66
OM 11-3007/TR 12-115 48.4 51.8%1.4 41.2 0.12 4091 7.65
OM 11-3007/Holz 48.4 54.2+1.8 46.0 0.18 50.00 16.63
OM 11-3007/Pushkinskyi 48.4 53.33£2.4 46.2 0.51 54.60 18.55
OM 11-3007/Samuel 48.4 58.3+3.7 46.7 0.64 50.00 40.15
OM 11-3007/Abel 48.4 62.61.7 52.5 0.17 45.50 17.15
OM 2803/Marafon 453 58.1+1.5 40.2 0.09 50.00 2762
OM 2803/Abel 453 62.6%1.6 52.5 0.28 7727 22.85

TR 12-115/Vandrounik 412 49.5+2.3 47.8 0.40 40.90 8.07
Holz/TR 12-115 46.0 52.2+39 412 0.63 22.73% 29.42
Marafon/Abel 40.2 48.6%2.7 525 0.44 18.20 4.63
Samuel/Percy Can 46.7 51.4%2.8 37.5 0.49 41.00 19.81
Percy Can/Inermis 37.5 54.1+25 50.5 0.50 36.40 17.64
Percy Can/Abel 37.5 56.2+28 52.5 0.46 31.80 14.24

Note: Max Q& - maximum value of the trait in parental forms, XSx — mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree

Source: compiled by the authors of this study

The grain weight per panicle in the best parental
varieties ranged from 1.11 to 1.33 g. In F,, this trait
ranged from 1.24 to 1.52 g. Analysis of the mean values
of parental forms and F, populations revealed the pres-
ence of positive transgressive variability in all (100%)
hybrid combinations of F, (Table 4). In 10 populations,
the heritability coefficient was high, ranging from 0.66
in the population of OM 11-3007/TR 12-115 to 0.88 in

the populations of OM 2803/Abel and Percy Can/Abel.
High values of the heritability coefficient may indicate
high genotype variability for this trait, which resulted
in relatively high values of heritability coefficient, fre-
quency, and degree of transgression.

The frequency of transgression ranged from
18.20% to 81.80%. The degree of transgression ranged
from 2.31% to 25.36%. The most valuable populations

Scientific Horizons, 2023, Vol. 26, No. 8
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for selection based on grain weight per panicle are
Samuel/Percy Can (Tf - 81.80%, Td - 20.30%), Percy
Can/Inermis (Tf-72.73%, Td - 18.12%), Percy Can/Abel
(Tf-68.20%, Td - 25.36%), Marafon/Abel (Tf - 63.64%,
Td - 19.97%), and others. Variation in plant height in

115) to 99.3 cm (Samuel/Percy Can). Transgressions
for this trait were absent in 10 (67.7%) populations.
In the populations Skarb Ukrainy/w/o No. Ren Nuda,
OM 11-3007/Holz, Marafon/Abel, Skarb Ukrainy/Abel,
the frequency of transgressions ranged from 0.19%

the F, populations ranged from 75.4 cm (Holz/TP 12-  to 0.61%.

Table 4. Heritability coefficient, frequency, and degree of transgression for grain weight
per panicle in F, of naked oat (2021)

Crossing combinations ? XSx d H? Tf, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 1.20 1.24+0.02 111 0.31 22.73% 2.31
Skarb Ukrainy/Abel 1.20 1.31%0.01 1.31 0.55 27.30 4.62
OM 11-3007/TR 12-115 1.31 1.33%0.02 1.28 0.66 18.20 441
OM 11-3007/Holz 131 1.31+0.02 1.25 0.20 40.90 2.94
OM 11-3007/Pushkinskyi 1.31 1.32%0.02 1.25 0.65 31.80 2.94
OM 11-3007/Samuel 131 1.40+0.03 1.30 0.72 54.55 11.76
OM 11-3007/Abel 1.31 1.38+0.03 1.31 0.81 59.10 10.29
OM 2803/Marafon 1.29 1.36%0.03 1.25 0.69 45.45 8.89
OM 2803/Abel 1.29 1.39+0.04 131 0.88 36.40 11.76

TR 12-115/Vandrounik 1.28 1.30+0.03 1.27 0.69 40.90 5.93
Holz/TR 12-115 1.25 1.28+0.05 1.28 0.55 31.82 9.63
Marafon/Abel 1.25 1.42%0.04 131 0.76 63.64 19.97
Samuel/Percy Can 1.30 1.52#0.05 1.33 0.72 81.80 20.30
Percy Can/Inermis 1.33 1.38+0.05 1.25 0.81 72.73% 18.12
Percy Can/Abel 1.33 1.49+0.06 131 0.88 68.20 25.36

Note: Max Q& - maximum value of the trait in parental forms, XSx - mean value of the trait in F, H? - coefficient of
heritability in the broad sense, Tf - transgression frequency, Td - transgression degree
Source: compiled by the authors of this study

Table 5. Coefficient of inheritance, frequency, and degree of transgression for plant height in F, of naked oat (2021)

Crossing combinations ? XSx d H? Tf, % Td, %
Skarb Ukrainy/w/o No. Ren Nuda 86.3 88.5+0.8 77.6 0.19 18.20 5.90
Skarb Ukrainy/Abel 86.3 87.6%1.4 80.6 0.61 36.40 8.40
OM 11-3007/TR 12-115 98.7 90.0£0.7 92.6 - - -
OM 11-3007/Holz 98.7 98.9+0.9 89.4 0.33 27.30 5.15
OM 11-3007/Pushkinskyi 98.7 88.4%£0.9 94.4 - - -
OM 11-3007/Samuel 98.7 95.2+0.7 94.9 0.01 18.20 0.29
OM 11-3007/Abel 98.7 86.8%1.3 80.6 - - -
OM 2803/Marafon 92.8 79.0£1.3 78.6 - - -
OM 2803/Abel 92.8 93.6%0.6 80.6 - - -
TR 12-115/Vandrounik 92.6 88.0+0.8 91.0 - - -
Holz/TR 12-115 89.4 75.4%£0.9 92.6 - - -
Marafon/Abel 78.6 79.0£0.9 80.6 0.35 9.10 0.82
Samuel/Percy Can 104.7 99.3£1.5 104.7 - - -

Scientific Horizons, 2023, Vol. 26, No. 8
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Table 5, Continued

Crossing combinations ? X£Sx 3 H? T, % Td, %
Percy Can/Inermis 104.7 87.1+¥1.9 99.1 - - -
Percy Can/Abel 104.7 91.4+0.7 80.6 - - -

Note: Max Q& ~ maximum value of the trait in parental forms, XtSx — mean value of the trait in F, H? - coefficient of

heritability in the broad sense, Tf - transgression frequency, Td — transgression degree

Source: compiled by the authors of this study

The conducted selection-genetic analysis of stud-
ying the nature of inheritance, frequency, and degree
of transgressive variability of productivity traits in F, of
naked oat helped identify transgressive forms in which
productivity elements varied widely. The hybrid popula-
tions differed in the frequency and degree of transgres-
sion. Notably, the nature of heritability H? had a con-
siderable influence on the transgression parameters,
which is determined, to a greater extent, by the geno-
type-specific characteristics of the parental components.

Inthe studies of Ukrainian and foreign scientists, the
results of research on transgressive variability in vari-
ous agricultural crops have been presented (Lozinsky
etal.,2021; Cazzola et al.,2020; Al-Bakry, 2021). In most
studies, breeding lines and varieties were obtained that
were characterized by certain quantitative traits more
pronounced compared to the parental forms (Ahamad
et al., 2022). For instance, A. Koroluk et al. (2022) ob-
served a prominent level of variability in productivity
traits in F, hybrid populations.

In their research, L.P. Necheporenko and S.D. Orlov
(2020) emphasized the importance of focusing on hy-
brid generations, starting from F,, in the initial stages
of the selection process. The scientists involved ge-
netically diverse domestic and foreign varieties and
samples of different ecological and geographical ori-
gins in the breeding process to ensure a wide range of
formative processes in hybrid generations.As a result of
crosses, the oat breeding material significantly differed
in key indicators during the research.

N.l. Vasko (2018) notes that the study of ear length
is essential for breeding improvement, and selection
based on this trait allows the creation of the desired
length in combination with a greater number of ears,
grains, and larger grain size. Research by several scien-
tists has provided numerous facts about the emergence
of new forms in ear length and other characteristics not
present in the parental plants, which can be attributed
to transgression.

In their research on oat ear productivity in sec-
ond-generation hybrids (F,), Petrov et al. (2017) deter-
mined that the coefficient of heritability (H?) for this
trait exhibited high values in all hybrid populations,
along with positive transgressions. However, concern-
ing the trait of the number of grains in the ear, the
scientists observed a segregation towards the inferior
parental component when parents with different levels
of this trait were involved in the crossbreeding. On the
other hand, when the parental components had mostly

similar values for this trait, the manifestation of nega-
tive transgression occurred. During the investigation of
the inheritance pattern of this trait, the researchers ob-
tained high heritability coefficients (H?), which ranged
from 53.2 to 68.2, depending on the specific hybrid
combination.

A.A. Trushko and S.P. Khaletsky (2019), during their
research, identified transgressive forms in all F, cross-
ing combinations. In their studies, the scientists paid
special attention not only to the inheritance pattern
and manifestation of transgressions concerning ear
productivity traits but also to the plant height. How-
ever, regarding the latter trait, they were interested in
both positive and negative transgressions. Meanwhile,
N.I. Vasko (2018), studying barley, notes that selecting
for plant height is promising, although its impact on
productivity is indirect. However, in the breeding pro-
cess, the level of expression of this trait must be consid-
ered, as a reduction in plant height may lead to a loss
of yield due to a decrease in vegetative mass and nu-
trient assimilation. Nevertheless, the aforementioned
researchers identified high transgressions both among
tall and short forms in their studies. The analysis of
yield elements such as “number of grains in the ear”
and ‘grain weight per ear” allowed them to identify
transgressions in 60% of hybrid combinations obtained
through crossbreeding local ecotypes of oats with geo-
graphically distant ones.

Scientific literature has accumulated a wealth of
evidence regarding transgressive variability and inher-
itance patterns of quantitative traits in crops such as
wheat, barley, and rye. However, oats, in genetic terms,
are still relatively understudied, necessitating a more
detailed analysis of trait characteristics and transgres-
sive variability.

CONCLUSIONS

The most valuable hybrid combinations for breeding
work aimed at increasing yield are those that exhibit
positive transgression in productivity traits. Productivity
is the result of the integrated interaction of genes that
control all its structural elements, which, in turn, can be
inherited independently of each other. Thus, productiv-
ity has numerous variations in the interaction of plant
traits, resulting in a wide spectrum of manifestations.
The research revealed that the heritability coeffi-
cient varied from low to high depending on the gen-
otype, but for most studied oat traits, an intermediate
value predominated. Transgressions were observed in
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all studied traits of F, naked oat hybrids. Among the F, hy-
brid populations, the best ones were identified based on
the degree and frequency of positive transgression: for
ear length - Samuel/Percy Can, Skarb Ukrainy/Abel, Skarb
Ukrainy/w/o No. Ren Nuda, OM 11-3007/TR 12-115, OM
2803/Abel, and Marafon/Abel; for the number of ears in
the panicle - OM 2803/Abel, Marafon/Abel, Samuel/Percy
Can, OM 11-3007/Pushkinskyi, OM 11-3007/Samuel, and
Skarb Ukrainy/Abel; for the number of grains per ear -

The obtained initial material of naked oats will fa-
cilitate the continuation of breeding work to create new
high-yielding and adapted varieties for the conditions
of the eastern Forest-Steppe of Ukraine and to expand
the existing genetic diversity.

ACKNOWLEDGEMENTS

The authors of this study express their gratitude to the
National Centre for Genetic Resources of Ukraine for pro-

OM 2803/Abel, Skarb Ukrainy/w/o No.Ren Nuda, OM 11-
3007/Holz, OM 2803/Marafon,and OM 11-3007/Abel; for
grain weight per ear - Samuel/Percy Can, Percy Can/Iner-
mis, Percy Can/Abel, and Marafon/Abel.

viding the breeding material for conducting the research.

CONFLICT OF INTEREST
The authors of this study declare no conflict of interest.

REFERENCES

[1] Ahamad, A., Singh, Sh.P,, Prasad, L.Ch., Prasad, R., & Thakur, P. (2022). Identification of superior transgressive
segregants in F, and F, populations of wheat Triticum aestivum L. for yield and its contributing traits. Electronic
Journal of Plant Breeding, 13(1), 56-61. doi: 10.37992/2022.1301.014.

[2] Ala,AYa.(1976). Genetics of quantitative traits of soy. Scientific and Technical Bulletin, 5, 6-23.

[3] Al-Bakry, M.R.I. (2021). Novel transgressive segregation in bread wheat. Egyptian Journal of Genetics and
Cytology, 50(2), 119-138.

[4] Bilyavska, L.G., & Rybalchenko, A.M. (2020). Cluster analysis in soybean varieties classification by economic
characteristics. Agrobiology, 2,7-15.doi: 10.33245/2310-9270-2020-161-2-7-15.

[5] Cazzola, F., Bermejo, CJ., & Cointry, E. (2020). Transgressive segregations in two pea F, populations and their
respective F, . families. Pesquisa Agropecudria Brasileira, 55, article number 01623. doi: 10.1590/51678-3921.
pab2020.v55.01623.

[6] Haleem,A.,Hassan,G.,Igbal,A.,Khan, F.U.,Sajid, M.,Ahmad, F.,Khan,R.U., & Ilyas, M. (2022). Genetic variability
and correlation analysis in F, wheat populations. Sarhad Journal of Agriculture, 38(2), 398-408. doi: 10.17582/
journal.sja/2022/38.2.398.408.

[7] Hoptsii, T.I., & Kravchenko, A.l. (2023). Genetic potential and level of its realization in varieties and lines of
naked oats in the eastern part of the Left Bank Forest-Steppe of Ukraine. Taurian Scientific Bulletin, 129, 38-46.
doi: 10.32851/2226-0099.2023.129.6.

[8] Koroluk,A.,Sowa,S., & Paczos-Grzeda, E. (2022). Characteristics of progenies derived from bidirectional Avena
sativa L.and Avena fatua L. Crosses. Agriculture, 12(11),article number 1758.doi: 10.3390/agriculture12111758.

[9] Lekhman, A.A. (2019). Manifestation of positive transgressive variability in quantitative characteristics
of productivity in hybrids of common beans. Feed and Fodder Production, 87, 39-42. doi: 10.31073/
kormovyrobnytstvo201987-06.

[10] Lozinska.T.(2019). An inheritance and transgressive changeability of mass of grain of ear in F, and F, of spring
wheat. Scientific Journal “AOI'OX. The Art of Scientific Mind’, 4, 129-131.

[11] Lozinskiy, M., Burdenyuk-Tarasevych, L., Grabovskyi, M., Lozinska, T., Sabadyn, V., Sidorova, I., & Kumanska, Y.
(2021). Evaluation of selected soft winter wheat lines for main ear grain weight. Agronomy Research, 19(2),
540-551.doi: 10.15159/ar.21.071.

[12] Lozinskiy, M., Ustinova, H., Gutsalyuk, N., Kritskaya, M., Prelypov, R., & Bakumenko, O. (2021). Transgressive
variability of the main ear grains number in F, populations in hybridization of soft winter wheat varieties that
differ in early ripening. Agrobiologiya, 2,95-105. doi: 10.33245/2310-9270-2021-167-2-95-105.

[13] Necheporenko, L.P., & Orlov, S.D. (2020). Creation of source breeding material of oat with high bioenergy
indicators and variety ‘Denka’ on its basis. Bioeneogetics, 1(15), 26-29. doi: 10.47414/be.1.2020.224951.

[14] Nimbal, M.A., & Naik, V.R. (2021). Genetic variability for yield parameters in F, population of wheat (Triticum
aestivum L.) under rainfed condition. The Pharma Innovation Journal, 10(12), 482-486.

[15] Rauf, S., & Niazi, LAK., Anwar, Sh., & Shahzad, M. (2020). Oat (Avena sativa L.) advanced lines outperform
existing cultivars for forage yield and its components under terminal heat stress. Pakistan Journal of Agricultural
Sciences, 57(2),327-331.doi: 10.21162/PAKJAS/2020.8557.

[16] Reddyyamini, Reddy, K.H., Reddy, V.L.N., Babu, R., & Sudhakar, P. (2019). Transgressive segregation for yield
and its component traits in rice (Oryza sativa L.). International Journal of Current Microbiology and Applied
Sciences, 8(06), 2450-2455. doi: 10.20546/ijcmas.2019.806.292.

[17] Shtuts, T.N. (2019). Manifestation of transgression on the productivity traits of soybean hybrids of the second
generation (F,). Feeds and Feed Production, 88, 3-7. doi: 10.31073/kormovyrobnytstvo201988-01.

Scientific Horizons, 2023, Vol. 26, No. 8



https://www.ejplantbreeding.org/index.php/EJPB/article/view/4032
https://journal.esg.net.eg/index.php/EJGC/article/view/343/335
https://agrobiologiya.btsau.edu.ua/uk/content/klasyfikaciya-sortiv-soyi-za-gospodarskymy-oznakamy-z-dopomogoyu-klasternogo-analizu
https://www.scielo.br/j/pab/a/KgXXNmfwvz4b7PdD85NBhKn/?lang=en
https://www.scielo.br/j/pab/a/KgXXNmfwvz4b7PdD85NBhKn/?lang=en
http://researcherslinks.com/current-issues/Genetic-Variability-Correlation-Analysis-Wheat-Populations/14/1/4656/html
http://researcherslinks.com/current-issues/Genetic-Variability-Correlation-Analysis-Wheat-Populations/14/1/4656/html
http://www.tnv-agro.ksauniv.ks.ua/archives/129_2023/6.pdf
https://www.mdpi.com/2077-0472/12/11/1758
https://fri-journal.com/index.php/journal/article/view/6
https://fri-journal.com/index.php/journal/article/view/6
https://rep.btsau.edu.ua/bitstream/BNAU/3321/3/variation%20and%20transgressive.pdf
https://rep.btsau.edu.ua/bitstream/BNAU/3321/3/variation%20and%20transgressive.pdf
https://dspace.emu.ee/handle/10492/6499
https://agrobiologiya.btsau.edu.ua/uk/content/transgresyvna-minlyvist-kilkosti-zeren-golovnogo-kolosu-u-populyaciyah-f2-za-gibrydyzaciyi
http://be.bio.gov.ua/article/view/224951
https://www.thepharmajournal.com/archives/2021/vol10issue12/PartG/10-11-157-429.pdf
https://www.thepharmajournal.com/archives/2021/vol10issue12/PartG/10-11-157-429.pdf
https://www.researchgate.net/publication/358564602_OAT_Avena_sativa_L_ADVANCED_LINES_OUTPERFORM_EXISTING_CULTIVARS_FOR_FORAGE_YIELD_AND_ITS_COMPONENTS_UNDER_TERMINAL_HEAT_STRESS
https://www.ijcmas.com/abstractview.php?ID=13389&vol=8-6-2019&SNo=292
https://fri-journal.com/index.php/journal/article/view/24

Kravchenko et al.

[18] Tinker, N.A., Wight, C.P., Bekele, W.A., Yan, W., Jellen, E.N., Renhuldt, N.T., Sirijovski, N., Lux, T., Spannagl, M., &
Masche, M. (2022). Genome analysis in Avena sativa reveals hidden breeding barriers and opportunities for oat
improvement. Communications Biology, 5, article number 474. doi: 10.1038/s42003-022-03256-5.

[19] Tomaszewska, T., & Kosina, R. (2019). Variability of the caryopsis transfer system in oat amphiploids and their
parental species. Journal of Cereal Science, 85, 236-242. doi: 10.1016/j.jcs.2018.12.015.

[20] Tromsyuk, V., & Bugayov, V. (2021). Manifestation of transgression by main quantitative characteristics of
winter tritical productivity in F, hybrid populations. Bulletin of Uman NUH, 1, 3-7. doi: 10.31395/2310-0478-
2021-1-3-7.

[21] Trushko, A.A., & Khaletsky,0 S.P. (2019). Transgression of characters of Avena sativa hybrids and breeding for
productivity. Arable Farming and Plant Breeding in Belarus, 55, 325-332.

[22] Udova, L., & Prokopenko, K. (2018). The niche crops as a new prospective guideline for small farms. Economy
and Forecasting, 3,102-117. doi: 10.32845/agrobio.2021.4.9.

[23] Ustinova, H.L. (2021). Transgressive variability in the number of ears of the main spike in F, populations
when crossing soft winter wheat varieties of different early maturity. Journal of Uman NUH, 99(1), 189-206.
doi: 10.31395/2415-8240-2021-99-1-189-206.

[24] Vasko,N.l.,Sviatchenko, S.1.,Kozachenko, M.R.,Naumoyv, O.G., Solonechnyi, PM.Solonechna, O.V.,Vazhenina, O.E.,
& Zymogliad, O.V. (2018). Prediction of the efficiency of spring barley selection by levels and ratios of the
inheritance coefficients. Bulletin of Kharkiv National Agrarian University, 2,43-53.

[25] Vecherska, L.A.,Relina, L.I.,Bohuslavskyi,R.L., & Golik, O.V.(2019). Morphogenesis in early generations of winter
emmer/durum winter wheat hybrids. Genetic Resources of Plants, 25,71-81.doi: 10.36814/pgr.2019.25.05.

[26] Voskresenskaia, G.S., & Shpota, V.I. (1967). Tragression of Brassica traits and a method for quantifying this
phenomenon. Reports of VASKHNIL, 7, 18-20.

[27] Zhuchenko, A.A. (1980). Ecological genetics of cultivated plants (adaptation, recombinogenesis, agrobiocenosis).
Kishinev: Shtiintsa.

Scientific Horizons, 2023, Vol. 26, No. 8

31


https://www.nature.com/articles/s42003-022-03256-5
https://www.sciencedirect.com/science/article/abs/pii/S0733521018306945?via%3Dihub
https://visnyk-unaus.udau.edu.ua/en/arxv-nomerv/2021/n1-2021/proyav-transgresii-za-osnovnimi-kilkisnimi-oznakami-produktivnosti-tritikale-ozimogo-v-gibridnih-populyaciyah-f2.html
https://visnyk-unaus.udau.edu.ua/en/arxv-nomerv/2021/n1-2021/proyav-transgresii-za-osnovnimi-kilkisnimi-oznakami-produktivnosti-tritikale-ozimogo-v-gibridnih-populyaciyah-f2.html
https://earth.belal.by/jour/article/view/178
https://earth.belal.by/jour/article/view/178
https://journal.udau.edu.ua/arxv-nomerv/2021/vipusk-99-chastina-1/transgresivna-minlivist-za-kilkistyu-koloskiv-golovnogo-kolosu-v-populyaciyah-f2-za-gibridizacii-riznostiglih-sortiv-pshenici-myakoi-ozimoi.html
https://repo.btu.kharkov.ua/bitstream/123456789/14812/1/Vkhnau_roslyn_2018_2_7.pdf
https://repo.btu.kharkov.ua/bitstream/123456789/14812/1/Vkhnau_roslyn_2018_2_7.pdf
http://genres.com.ua/en/arxv-vidan/2019-vipusk-25/formoutvorennya-v-rannx-pokolnnyax-gbridv-mzh-ozimimi-polboyu-ta-psheniczeyu-tverdoyu/

32

Transgressive variation in productivity traits in F, naked oat hybrids

MposiB TPaHCrPeCcUBHOI MiHNNBOCTI eNeMeHTIB NPOoAYKTUBHOCTI
y riépumaiB F, BiBca ronosepHoro

Anna IBaHiBHa KpaBueHKo

AcnipaHT
[epxaBHuiA 6iOTEXHONOTIYHUI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. Xapki., YkpaiHa
https://orcid.org/0000-0002-6244-5430

TeraHa IBaHiBHa Nonw,ii

[okTop cinbCbKorocnoaapcbknx Hayk, npodecop
[epxaBHuiA 6iOTEXHONOTIYHUI YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa
https://orcid.org/0000-0003-0288-7592

BikTtop Bacunbosuu KupuueHko

[loKTOp CinbCbkorocnoaapcbkmx Hayk, npodecop, akageMik HAAH Ykpainu
IHCTUTYT pocnnHHMUTBA iM. B. 4. FOp'eBa YAAH
61000, npocn. lfepoiB XapkoBa, 142, M. XapkiB, YkpaiHa
https://orcid.org/0000-0002-3014-4387
OneHa BonopumupiBHa N'yaum

KaHauaaT CinbCbKOrocnoaapCbKMx Hayk
[epxxaBHuIM BIOTEXHONMOTIYHMIA YHIBEPCUTET
61002, Byn. AnueBcbkux, 44, M. XapkiB, YKpaiHa
https://orcid.org/0000-0002-0733-3006
Omutpo BikropoBuu Yyiiko
HokTop dinocodii
[epxxaBHuit BiOTEXHONOTIYHMI YHIBEPCUTET

61002, Byn. AnueBcbkux, 44, M. Xapkis, YKpaiHa
https://orcid.org/0000-0002-9271-6334

AHoTauif. OgHMM 3 HalleDeKTUBHILLUMX METOLIB MiABULLEHHS BPOXAWHOCTI, CTIMKOCTI 40 abioTMUYHMX Ta BIOTUUYHMX
YMHHUMKIB CEPEAO0BMLLA E FTEHETUYHO-CeNeKLiMHe MOoNinLWeHHs CopTiB.BupilleHHS umX 33434 MOXK/INBE 3 BUKOPUCTAHHAM
NO3UTUBHUX TPAHCIPEeCii, 9Ki Ha AaHOMY eTani cenekuii MatoTb BaXK/IMBE NPaKTUYHE 3HAYEHHS. MeTo JoCNiaXeHb
6yn0 BCTaHOBNEHHS KoedilieHTy yCnaaKoBYBAHOCTI B LUMPOKOMY CeHci (H?), cTyneHs i 4acToTu TpaHcrpeciit 3a
efleMeHTaMM NPOAYKTUBHOCTI Y ribpuaiB Lpyroro MoKoMiHHS BiBCa rON103€pHOI0, CTBOPEHMX B pe3ybTaTi CXPeLLyBaHHS
3a ekonoro-reorpadivyHnMM NpUHLMNOM Ta f06ip rocnoaapcbKo-LiHHUX 6ioTMNIB AN NOAANbLIOI CenekuiiHoi poboTu.
Mpotarom 2021 poky NpoBOAMAM AOCNIIKEHHA 15 MixcopToBMX ribpuais. AHanisysanu F, 1a 6aTbKiBCbKi KOMMOHEHTH
33 03HAaKaMU: BUCOTA POCAUH, AOBXMHA BONOTI, KiNbKiCTb KOMOCKIB B KOMOCI, KiNbKiCTb 3€peH 3 BONOTI Ta Maca 3epHa 3
BOJ0TI. BUuKkopucTOBYBanu NonboBUiA METOA, LOCNIAXKEHHS (MpOBeAeHHS DEHONOTIYHUX CNOCTEPeXeHb), 1abopaTopHuii
(CTPYKTYPHUI aHani3 AocnifxyBaHOro matepiany) Ta MaTeMaTUYHO-CTaTUCTUUYHUI (OBEKTUBHA OLHKA OdepXaHWUxX
eKcnepuMeHTanbHMUX AaHWX). Bucoknin piseHb KoedilieHTa CnoCTepiraBcs 3a O3HAKOK «Maca 3epHa 3 BONOTI» B
mexax 0,66 - 0,88 y ribpuaHumx nonynauin OM 11-3007/Abel, OM 2803/Abel, Percy Can/MHepmuc, Percy Can/Abel.
AHanis gpyroro nokoniHHa F, MixcopToBMX ribpuiiB BiBCa roN03epHOro A03BOMMB BUAINIUTM TPaHCrpecii 3a BCiMa
[OCNiAKYBAaHUMMU 03HaKaMu. Haibinbla KinbKiCTb MO3UTUBHUX TPAHCrpeciin BCTAHOBAEHO 33 TaKUMK eneMeHTaMu
NPOAYKTUBHOCTI: AOBXMHA BonoTi (Tu 31,82 - 59,09 %, Tc 7,53 - 15,49 %); kinbkicTb konockis y Bonoti (Tu 27,30 -
54,50 %, Tc 8,85 - 26,49 %), kinbKicTb 3epeH 3 BonoTi (Tu 45,50 - 77,27 %,Tc 16,63 - 27,62 %.) Ta Maca 3epHa 3 BONIOTI
(Tu 63,64 - 81,80 %, Tc 18,12 - 25,36 %). CenekuiAHO-reHETUYHMI aHANI3 BUBYEHHS XapaKTepy yCnaLKOBYBaHOCTI,
YacTOTU | CTyneHs TpaHCrpeCMBHOI MIHAMBOCTI O3HAK MPOAYKTMBHOCTI BOMOTI F, BiBCa ronosepHoro, AO3BOAMB
BUAINNTU 3HAYHY KiNIbKiCTb TPAHCTPECUBHUX GOPM, B SKMX €1eMEHTU NPOAYKTUBHOCTI BapitolOTh B LUMPOKMX MEXaX,
O CBIAYMTb NPO YyCNillHEe NPOBEAEHHS CenekLiinHoi poboTn B CTBOPEHHI NMepCNeKTMBHOMO BUMCOKONPOAYKTUBHOIO
cenekuiHoro matepiany

KniouoBi cnoBa: oBec ronosepHuii; eneMeHTM NPOAYKTUBHOCTI; ribpuaHi koMOiHaLii; 6aTbKiBCbKi KOMMOHEHTH;
yCNaaKyBaHHS; TpaHCrpecis
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