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Background. The development of short-stem cultivars is an effective way to increase
the productivity of winter wheat grown under the intensive cultivation technology. Dwarf
mutants, induced in the exclusion zone of ChNPP, can preserve a productive potential of
an initial cultivar and be of a breeding value. The knowledge of the inheritance regulari-
ties of stem length by dwarf winter wheat mutants makes it possible to choose the pairs
for crossing better and predict a final result in hybrid generations earlier.

Materials and methods. Hybrids F, i F, of Triticum aestivum L. were received
by crossing medium-grown cultivar Sonechko with dwarf mutant lines UK 1145/10,
UK 1147/10, and UK 1148/10, induced by the effect of the radionuclide contamination
of the exclusion zone of ChNNP on the plants of ‘Albatros odeskyi’ cultivar. The nature
of the trait inheritance in F, was determined by the degree of phenotype dominance,
the variability of plant height was determined by a variation coefficient. The segregation
frequency of dwarf, low-, medium- and high-grown forms was accounted in the popula-
tion of F, plants.

Results. By stem length, plants F, exceeded the genotypes involved in hybridi-
zation, or were closer to parental forms with a greater manifestation of the trait. The
real heterosis in the plant height decrease was shown in the F, hybrid ‘Sonechko’ x
UK 1147/10. The hybrid productivity elements are inherited by the type of a partial posi-
tive dominance and over-dominance. From 2.2 % to 3.6 % of high-grown forms, atypical
for parents, were recorded in the population of F,.

Conclusions. When the crossing combination includes a medium-grown cultivar of
winter wheat and dwarf mutants, induced in the exclusion zone of ChNPP, a stem length
in F, is inherited by an intermediate type and partial positive dominance. Dwarf mutant
UK 1147/10 can be valuable for breeding short stem winter bread wheat. A significant
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variation of such indicator as a degree of phenotype dominance by all studied fea-
tures confirms a complicated nature of genetic determination of a plant height and the
productivity elements of winter wheat, in the formation of which various types of gene
interaction take part.

Keywords: dwarf mutants, productivity elements, domination degree, Triticum
aestivum L.

INTRODUCTION

Cereal crops occupy half of the arable lands in the world, winter wheat being one
of the main cereals of the planet that plays a leading role in food supply of mankind. In
the world, the areas which are annually sown under this cereal crop amount to 217 mil-
lion ha, and gross grain yield is over 700 min t; 32.1 min t of which are harvested in
Ukraine (Cheremisina et al., 2022; Erenstein et al., 2022). Wheat is mostly grown for
foodstuffs, which comprises 66 % of the world production; it is included in the diet of the
population of 173 countries in the world. This food crop satisfies 18 % of man’s needs
in calories and is an important source of proteins and vitamins (Erenstein et al., 2022).
Which is why, the issue of the wheat yield increase, grain quality, ecological plasticity
and resistance to abiotic and biotic stress factors of the environment is of great rele-
vance. A successful solution of these problems depends on the efficiency of the genetic
improvement of wheat cultivars (Morgun & Topchii, 2018; Liu et al., 2021). The potential
reserve for the increase of grain production is, through breeding, based on updated
genetic techniques, the creation of new high yielding cultivars adapted to certain cul-
tivation conditions (Krishnappa et al., 2022). In this connection, a great significance is
given to the intensification of breeding through the expansion of a genetic diversity and
the introduction of the following into a breeding process: the latest achievements of
genomics, proteomics and metabolomics, genetically modified technologies, TILLING-
technologies of target-oriented mutations, CRISPR/Cas-systems of genome editing,
DArT-systems of molecular markers, induced mutagenesis (Yakymchuk, 2019).

Plant lodging is one of the factors limiting the realization of a genetic yield poten-
tial — the most important property of a cultivar (Lozinskyi, 2016; Mondal, 2020). The
development of short-stem cultivars is the efficient way to avoid lodging and to increase
winter wheat productivity when the intensive cultivation technology is applied (Morgun
et al., 2014; Voloshchuk, & Yurchenko, 2015). The use of the forms with genetically
determined reduction of a plant height in the program of breeding work initiated by so-
called green revolution — one of the most significant achievements of the 20th century.
This has resulted in a significant increase in the world yields of wheat grain (Morgun
et al., 2014; Dash, & Rai, 2022). However, in most world donors of wheat dwarfism,
this property is linked genetically with a decreased drought- and frost-resistance, which
limits their use in the development of short-stem cultivars in Ukraine. Nowadays, more
than 20 specific genes (Rht1—Rht20) that provide a significant diversity of bread wheat
by this feature were found in the genetic plasma of genus Triticum L. 14 of them are of
mutant origin (Lozinskyi, 2016; Ford et al., 2018; Xiong et al., 2018), which is a vivid
proof of the efficiency of induced mutagenesis in the creation of short-stem forms.

The scientists of the department of the genetic plant improvement of the Institute
of plant physiology and genetics (IPPG) of Ukraine’s NAS have been conducting the
research of the genetic consequences of the Chornobyl NPP accident. It was found
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that under the chronic effect of low radiation doses in the radionuclide exclusion zone,
dwarf and semi-dwarf plant mutants were induced in winter wheat with a high frequency
(Morgun & Yakymchuk, 2021).

The received forms can preserve a productive potential of an initial cultivar, and
they are of breeding value as donors of dwarfism when winter wheat cultivars of an
intensive type are developed. Certainly, the information about the contribution of certain
short stem trait genes to the determination of a plant height and the nature of their non-
allele interaction presents interest for breeding practice. The knowledge of the inherit-
ance regularities of a stem length by dwarf winter wheat makes it possible to choose
the pairs for crossing better and to predict a possible final result from different hybrid
generations earlier.

The purpose of the research was to study the inheritance nature of the dwarfism
trait and the productivity elements by hybrids F, of winter bread wheat, which resulted
from the crossing of dwarf mutants with a medium-grown cultivar, and to identify the
segregation peculiarities by a long-stem feature in generation F,.

MATERIALS AND METHODS

The present study was conducted on simple F, and F, hybrids of winter bread wheat
(Triticum aestivum L.) obtained through the crosses between a medium-grown cultivar
‘Sonechko’ and dwarf mutant lines UK 1145/10, UK 1147/10, UK 1148/10 induced by
the chronic effect of the radionuclide contamination in the exclusion zone of Chornobyl
NPP on growing plants of cultivar ‘Albatros odeskyi’. The hybrid plants were grown in
the fields of the experimental agricultural production of the Institute of Plant Physiology
and Genetics (IPPG) of the NAS of Ukraine in the village of Hlevakha, Fastiv district,
Kyiv region. The samples were sown at optimal terms according to the farm practices
which are generally accepted for the Forest-Steppe zone. The studies of the mentioned
cultivar and mutant lines in the primary seedling nurseries showed their stability in the
main morphological characteristics. Hybrids F, were sown on single-row 1.5 m long
plots using a wide-row method. The planting scheme was as follows: maternal form —
F, — paternal form, parental forms being the standards.

A structural analysis based on the morphological indicators and the plant produc-
tivity elements of hybrids and parental forms was conducted in a triple replication. To
determine the inheritance pattern of a stem length trait and the plant productivity ele-
ments in F,, the degree of phenotype dominance (hp) was calculated by B. Griffing
(1950) formula:

(F,—Mp)

=P —Mp)’

where hp is the degree of dominance, F, is the value of the hybrid trait, Mp is the mean
value of the trait of both parents; P, is the highest value of the trait in one of the parents.
The grouping of the obtained data was carried out according to the classification of
G. M. Beil and R. E. Atkins (1965): numerical values of hp > +1 — heterosis (overdomi-
nance); +0.5 < hp < +1 — partial positive dominance; -0.5 < hp < +0.5 — intermediate
inheritance; -1 < hp < -0.5 — a partial negative dominance; hp < -1 — depression. The
coefficient of heterosis (Hbt — true heterosis and Ht — hypothetical heterosis) was cal-
culated using D. F. Matzinger, T. J. Mannand, and C. C. Cockerham (1962) as well as
S. Fonseca and F. L. Patterson (1968) formulas:
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Hbt(%) = % —true heterosis,

Ht(%) = (E—MP) —hypotherical heterosis,
MP -100

where F, is the arithmetic mean value of the trait in the hybrid, MP is the arithmetic mean
value of the indicator in both parental forms, and BP is the highest trait manifestation of
one of the parents. The modification variability of a plant height was determined by the
coefficient of variation (CV, %), and the distribution groups were used: <10 % — weak;
11-25 % — moderate; >25 % — strong (Atramentova & Utevska, 2007). The distribution
of the parental forms and hybrids by a plant height was carried out according to the clas-
sification of S. F. Lyfenko (1987).

Hybrids F, were sown in a selection nursery with sparse planting on plots of 10 m2.
After the vegetation period was over, hybrid F, populations were examined for dwarf,
low-, medium-, and tall-grown forms.

The obtained data was statistically analyzed using the method of analysis of vari-
ance, and the sample mean, a standard deviation, a coefficient of variation, and a stan-
dard error of the mean were determined (Atramentova & Utevska, 2007).

RESULTS AND DISCUSSION

The long-term phenological observations and the studies of the data concerning
the structural analysis, included into the scheme of dwarf hybridization, have shown that
dwarf mutant wheat forms induced by the radionuclide contamination of the exclusion
zone of ChNPP, inherit the short-stem rait regularly. Parental wheat samples, involved in
the hybridization scheme, belong to various groups by a plant height: medium-grown —
cultivar ‘Sonechko’ 79.0 cm high and dwarfs — mutant lines UK 1145/10, UK 1147/10,
UK 1148/10 — 51.2, 55.0 and 52.7 cm high, respectively, which is significantly lower
(p =0.05) than a plant height of an initial cultivar ‘Albatros odeskyi’ — 82.3 cm. Plants F,
exceeded the genotypes involved in the hybridization by a stem length or they were
closer to a parental form with a more vivid manifestation of this trait. Only in the combi-
nation of ‘Sonechko’ x UK1147/10 stem length of the hybrids was significantly smaller
than that of a parent form and amounted to 75.6 cm (p <0.05) (Table 1). In the crossing
combinations of ‘Sonechko’ x UK 1145/10 and ‘Sonechko’ x UK 1147/10 stem lengths
in hybrids F, were inherited by an intermediate type (they were hp 0.5 and 0.4, respec-
tively) (Fig. 1).

Table 1. Stem length inheritance by hybrids F, in the crossing combinations of dwarf
mutants with a medium-grown cultivar

Plant height, cm

Crossing combination CVinF,, % Hbt,% Ht %

? 3 F,
‘Sonechko’ x UK 1145/10  79.0+1.0 51.2+0.9 78.7+0.9* 5.6 -0.4 20.9
‘Sonechko’ x UK 1147/10  79.0+1.0 55.0+1.1  75.6+1.2* 7.5 -4.3 12.8
‘Sonechko’ x UK 1148/10  79.0¢1.0 52.7+¢1.0 79.2+1.1% 6.8 0.3 20.3

Note: M + SD, n = 30; *, # — a difference in comparison with a parent and parental forms, respectively, is
significant at p <0.05
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In the crossing combination of ‘Sonechko’ x UK 1148/10 a partial positive domi-
nance was recorded (hp = 1.0). Stem length in the studied generations F, varied slightly
(CV was equal to 5.6-7.5 %). By the level of real and hypothetic heterosis in F,, the
combination of ‘Sonechko’ x UK 1147/10 appeared to be more valuable for breeding,
as by stem length heterosis towards lessening of the trait manifestation of hybrids was
recorded as compared with parental samples with more intensive manifestation of the
trait (Hbt = -4.3 %); the coefficient of hypothetical heterosis, as compared with other
crossing combinations under study, turned out to be the smallest (Ht = 12.8 %).
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Sonechko x UK 1145/10  Sonechko x UK 1147/10  Sonechko x UK 1148/10

Fig. 1. Degree of phenotype dominance of the stem length trait in hybrids F, in the crossing combinations of
dwarf mutant lines with a medium-grown cultivar

In the crossing combinations of ‘Sonechko’ x UK 1145/10 and ‘Sonechko’ x
UK 1148/10 the coefficient of real heterosis in hybrids varied both towards the decrease
(Hbt = -0.4 %) and towards the increase (Hbt = 0.3 %) of the manifestation of the stem
height trait. The hypothetical heterosis effects of their hybrid combinations were high,
20.9 % (‘Sonechko’ x UK 1145/10) and 20.3 % (‘Sonechko’ x UK 1148/10).

The comparison of the productivity elements of dwarf mutants with the initial cultivar
‘Albatros odeskyi’ makes it possible to identify the breeding value of the received mutant
samples while developing the winter wheat cultivars of highly intensive and intensive
types. A potentially high productivity of dwarf mutants is confirmed by the indicators of
general and productive tillering which exceed those of the initial cultivar by 0.6—1.6 pcs.
and 0.8-1.0 pcs., respectively (Table 2). When the number of grains in a spike is small,
their mass (1.7-1.8 g) and the mass of the grains from a plant (6.3—6.8 g) are at the
same level as those of the cultivar ‘Albatros odeskyi’. Among the studied dwarf mutants,
lines UK 1145/10 and UK 1148/10 preserve the weight of 1000 grains as one of the most
important indicators of the wheat yield formation at the level of an initial cultivar (40.7
and 39.3 g, respectively).

As the result of the analysis of the experimental material a significant difference in
the hybrids of the first generation by the elements of productivity structure from paren-
tal forms was recorded. In the crossing combinations of ‘Sonechko’ x UK 1145/10 and
‘Sonechko’ x UK 1147/10 a spike length of plants F, appeared to be much smaller as
compared with a similar indicator of a parental form, and it showed a partial negative
dominance (hp was -0.8 and -1.0, respectively). In the combination of ‘Sonechko’ x
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UK 1148/10 the spike length trait indicator was smaller as compared with that of a parent
form; it exceeded this feature in the maternal form and it was characterized by an inter-
mediate inheritance.

Table 2. Analysis of the productivity elements of hybrids F, and the degree of their dominance

Biometric indicators
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‘Sonechko’ 9.2+0.1 4.9+0.2 4.3:#0.2 19.0+0.3 34.6x1.5 2.0+0.1 8.2+0.3 44.5%0.9
UK 1145/10 10.1£0.2 5.6+0.3" 4.9£0.2" 17.2+0.1" 39.4+1.4" 1.8+0.3 6.720.2 40.7+1.2
UK 1147/10 10.6£0.3 5.410.3" 4.9+0.3" 17.4£0.3" 36.2+1.3" 1.7¢+0.2 6.3x0.3 35.6+0.8"
UK 1148/10 10.3£0.2 5.1+0.2" 4.7£0.2" 17.7£0.2" 38.6+1.3" 1.8+0.2 6.8+0.2 39.3+14
‘Albatros odeskyi’ 10.2+0.1 4.5£0.2 3.9+0.2 20.3+0.3 44.2+1.5 2.0£0.1 6.6x0.4 40.9+0.6

“ UK 9.3+0.2* 5.0+0.3 4.5+0.3 18.8+0.2* 37.7+1.6 2.3+0.1 9.1+0.4* 37.6+0.8*
% 1145/10 -0.8 -0.7 -0.33 0.8 0.3 4.0 2.2 -2.6
% UK 9.2+¢0.2* 5.0+0.4 4.8#0.2 18.9+0.2" 36.4+1.3 2.1£0.3 8.4+0.3% 42.1+1.3"
o 1147/10 -1.0 -0.6 0.7 0.9 1.3 1.7 1.2 0.5
_(?) UK 9.740.3 4.740.2 4.4+0.2 18.3+0.1** 39.1+1.5* 2.0+0.2 8.8+0.3* 40.3+1.1*
1148/10 -0.1 -3.0 -0.5 -0.1 1.3 1.0 1.9 -0.6

Note: above the dash — absolute meanings, under the dash — degree of phenotype dominance (hp); * dif-
ference with cultivar ‘Albatros odeskyi’ is significant at p <0.05; *, # — a difference in comparison with
a parent and parental forms, respectively, is significant at p <0.05

No significant differences between hybrids and parental forms by the indicators of
total and productive tillering were found. The degree of phenotype dominance ranges
within -3.0—+0.67, which corresponds to the inheritance of the trait from a partial posi-
tive dominance (‘Sonechko’ x UK 1147/10) to depression (‘Sonechko’ x UK 1148/10).

The hybrid material of the first generation by the trait of the number of ears in
a spike, which is 18.3—-18.8 pcs., exceeds statistically (p <0,05) a parent form by 1.6 pcs.
(p =0.05) — ‘Sonechko’ x UK 1145/10 (hp = 0.8), 1.5 pcs. — ‘Sonechko’ x UK 1147/10
(hp = 0.9), which is inherited by the type of a partial positive dominance. The generation
of a hybrid combination of ‘Sonechko’ x UK 1148/10, as compared with the maternal
form, is characterized by a significantly lower manifestation of the number of ears in a
spike trait, which is inherited by an intermediate type (hp = -0.1), and exceeds its num-
ber in the parent form by 0.6 pcs.

Hybrids F, exceed the maternal form — cultivar ‘Sonechko’ — by the indicator of the
number of ears in a spike. A significant increase of this trait indicator (39.1 pcs.), as
compared with both maternal and parent forms, was found in the plants which resulted
from the crossing of ‘Sonechko’ x UK 1148/10. The degree of a phenotype dominance
amounts to 0.3 and 1.3, which corresponds to an intermediate inheritance and over-
dominance (heterosis).
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In the hybrids of the first generation from the crossing of a medium-grown cul-
tivar with dwarf mutants of wheat such trait as the grain weight from a spike corre-
sponds to the best parent form and it is equal to 2.3, 2.1 and 2.0 g, provided mutant
lines UK 1145/10, 1147/10 and UK 1148/10 are involved in the crossing combination.
The degree of phenotype dominance amounts to 1.0-4.0, which is typical for over-
dominance. Over-dominance (heterosis) in plants F, was also recorded by the grain
weight trait in the plants (hp = 1.2-2.2), which ranges within 8.4-9.1 g; this considerably
exceeds the indicators of both parental forms.

By the weight of 1000 grains hybrids were not equal to the maternal form. The
nature of phenotype inheritance of the trait refers to an intermediate type (hp = 0.5)
(‘Sonechko’ x UK 1147/10), to a partial negative dominance (hp = -0.5) (‘Sonechko’ x
UK 1148/10) and depression (hp = 2.6) (‘Sonechko’ x UK 1145/10).

In the population of plants F, a segregation by the plant height trait with the change
of phenotypes from dwarf to high-grown ones takes place; this is indicative of an impor-
tant formation process (Table 3).

Table 3. Plant distribution of hybrids F, by plant height in the crossing combinations of
dwarf mutant lines with a medium-grown cultivar

Intra-family variability of F, plants by height

Number low- and
Crossing combination of studied dwarfs . high-grown
. medium-grown
plants in F,

pcs. % pcs. % pcs. %
‘Sonechko’ x UK 1145/10 828 24 29+058 786 94.9+0.76 18 2.2+0.51
‘Sonechko’ x UK 1147/10 640 25 3.9+0.76 592 925+1.04 23 3.6x0.73
‘Sonechko’ x UK 1148/10 780 28 3.610,66 729 93.5+0.88 23 2.9+0.60

The most frequent forms (92.5-94.9 %) were low-grown and medium-grown ones.
The appearance of dwarf forms in the populations of F, plants was typical for all cross-
ing combinations; their share amounted to 2.9-3.9 %. They were most frequently found
among F, hybrids, which was the result of the crossing of cultivar ‘Sonechko’ with
mutant UK 1147/10. The appearance of high-grown plants with the frequency equal to
2.2-3.6 %, which are typical neither of the parent generation nor of F, hybrids indicates
the adaptive effect of the interaction of non-allele genes and confirms numerous data
about a polygenic control nature of such a trait as stem length of winter bread wheat.
The highest frequency of their segregation in the second hybrid generation was also
recorded as a result of the crossing of ‘Sonechko’ x UK 1147/10.

CONCLUSIONS

The crossing combination of a medium-grown cultivar with dwarf mutants of winter
wheat, induced by the action of the radionuclide contamination in the exclusion zone
of ChNPP, results in the inheritance of stem length in F, plants through an interme-
diate type and a partial positive dominance. Considering the inheritance pattern of stem
length and negative heterosis for this feature, as well as the preservation of the pro-
ductivity elements at the level of the best parental forms in the combination with high
1000 grain weight and an increased proportion of dwarf forms in the population of F,
hybrids, the combinations involving the dwarf mutant UK 1147/10 may be valuable for
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breeding of short-stem winter bread wheat. The significant variation in the degree of
phenotype dominance for all studied traits suggests a complex genetic nature of the
determination of a plant height and the productivity elements in winter wheat, various
types of gene interactions being involved.
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YCNAOKYBAHHSI O3HAKW KAPITMKOBOCTI MYTAHTAMMW O3MMOI NLUEHWLII,
IHOYKOBAHUMMU Y 30HI BIQYYXXEHHA YOPHOBUIbCbKOI AEC

PycnaH Skumyyk

IHemumym ¢pizionoeii pocnuH i eeHemuku HAH YkpaiHu
8yn. Bacunbkiecbka, 31/17, Kuie 03022, YkpaiHa

O6rpyHTYBaHHs. CTBOPEHHSI KOPOTKOCTEDBNOBMX COPTIB — €QEKTUBHUIN CMoCid
NigBULLEHHS NPOAYKTUBHOCTI O3MMOI MLWIEHULi 3a iHTEHCUMBHOI TEXHOIOrii BMPOLLY-
BaHHs. Kapnukosi MyTaHTW, iHOyKOBaHi B 30Hi BigdyxeHHs YAEC, moxyTb 36epiratu
NPOAYKTUBHUIA MOTEHLian BUXIQHOMO COPTY i CTAHOBUTU CEMEKUiMHY LiHHICTb. 3HaHHS
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66 Ruslan Yakymchuk

3aKOHOMIpHOCTEN ycnagKyBaHHS JOBXUHM cTebrna KaprMKOBUMKW MyTaHTaMM MLUEHWUL
Aae 3Mory edpeKTMBHiWe foOvpaTy napy Ons CXpeLlyBaHHS i 3aB4acHO nepenbdadvaTu
KiIHLEBWIA pe3ynbTarT Y paHHiX ribpnaHnX NOKOMiHHSIX.

MaTtepianu Ta metoam. lNbpuan F, i F, Triticum aestivum L., oTpumaHi Big cxpe-
LyBaHHA cepegHbopocrnioro copTy COHEYKO 3 KapriMKOBUMW MYTaHTHUMMU MiHiIMU
YK 1145/10, YK 1147/10, YK 1148/10, iHOykoBaHUMW Oi€t0 pafioHyknigHoro 3abpya-
HEeHHs1 30HM BigvyeHHss HAEC Ha pocnuHm copty AnbbaTpoc ogecbkuid. Xapaktep
ycnagKkyBaHHS 03HaK y F, BU3Ha4yanm 3a cTyneHeM peHOT1MNOBOro A0OMiHyBaHHS, MOAM-
dikauiiHy MiHNMBICTb BUCOTU POCHMH — 3a KoedpiuieHToM Bapiauii. Y nonynsuisx poc-
nvH F, obnikoByBanu 4acToTy BULLENSIEHHS KAprIMKOBMX, HU3bKO- Ta CepeaHbOPOCINX
i BUCOKOpoCnx dopm.

Pesynbratn. PocnvHn F, 3a goBxuHOW cTebna nepesullyBanv 3anyyeHi Ao
riopmamsadii reHotMnu abo Habnmxkanucs oo 6aTbkKiBCbKOI hopMKM 3 OiNbLUMM BUSIBOM
o3Hakn. 3a koMbGiHauii cxpeluyBaHHa CoHeuko x YK 1147/10 y ribpuais F, cnoctepi-
ranu iCTUHHUIM reTeposunc y 6ik 3MeHLLEHHS] BUCOTU POCIUH. EnemMeHTn NpoayKTUBHOCTI
riopmaiB ycnaakoBYHOTbCS 3a TMMOM YaCTKOBOrO MO3UTMBHOIO OOMiHYBaHHS i Haado-
MiHyBaHHS. Y nonynsauisax pocnuH F, BuseneHo 2,2—-3,6 % Brucokopocnunx opmM, ki He
Oynu xapakTepHUMK ansa 6aTbKIBCbKOro MOKOMiHHS.

BucHoBKM. 3a KoMbiHaL,ii cxpeLlyBaHHSA CepPeaHbOPOCIIONO COPTY 03UMOT MLIEHNL
3 KapnMKOBUMM MyTaHTaMu, iHOyKOBaHMMM B 30Hi Bigvy>keHHA YAEC, noxunHa ctebna
B F, ycnagkoByeTbCA 3a NMPOMDKHUM TUMOM i YaCTKOBMM MO3UTUBHUM LOMIHYBaHHAM.
Kapnukoun mytaHT YK 1147/10 MOXe CTaHOBUTW LiHHICTb Yy Cenekuii 03MMoi M’'siKoi
MLWEHULi Ha KOPOTKOCTEDMNOBICTb. 3HaYHe BapitoBaHHS MOKa3HMKa CTyNeHs heHOTUMNo-
BOr0 AOMiHYBaHHA 3a yciMa BUMBYEHMMW O3HaKaMu MiOTBEPOKYE CKMNagHUM Xapaktep
reHeTUYHOI AeTepMiHaLii BUCOTU POCIIMHU N €fTEMEHTIB MPOAYKTUBHOCTI MLIEHULi 03u1-
MOi, Yy OpMyBaHHiI SKnx 6epyTb y4acTb pi3Hi TUMW B3aEMOZIi reHiB.

Knrouoei cnoga: KaprvkoBi MyTaHTU, eNeMeHTN NPOAYKTUBHOCTI, CTYMiHb JOMIHY-
BaHH4, Triticum aestivum L.
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