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Aim. This study aimed to investigate the inheritance of resistance to sulfonylurea herbicides in sunflower under condi-
tions of insufficient humidification in the southern Steppe of Ukraine. Methods. Isolation, castration, hybridization,
herbicide application (Granstar Pro 75 % w.g., containing tribenuron methyl as the active substance (a.s.)), evaluation
of herbicide resistance, and statistical analysis of the acquired data. Results. The investigation into the inheritance of
resistance to sulfonylurea herbicides involved the utilization of both resistant (SURES-1, OS 1099 V, OS 2017 V) and
non-resistant (Od 1002 B, Od 1318 V, OS 1295 V) sunflower genotypes. Through crossing, four F, hybrid combina-
tions were generated, namely OS 2017 V x OS 1099 V, SURES-1 x Od 1002 B, SURES-1 x Od 1318 V, and Od 1318
V x OS 1295 V. Subsequent treatment of F plants with the herbicide Granstar Pro 75 % w.g. revealed that three com-
binations (OS 2017 V x OS 1099 V, SURES-1 x Od 1002 B, SURES-1 x Od 1318 V) exhibited complete resistance to
the herbicide. In the second generation, following herbicide treatment, the hybrid combinations SURES-1 x Od 1002
B and SURES-1 x Od 1318 V displayed segregation into resistant and non-resistant plants. Conversely, the plants
in the combination OS 2017 V x OS 1099 V maintained complete resistance to the herbicidal effects. Conclusions.
The investigation, conducted in the challenging climatic conditions of the southern Steppe of Ukraine, demonstrated
complete resistance to sulfonylurea herbicides in three hybrid combinations of both F, and F, generations. Notably,
the combination OS 2017 V x OS 1099 V exhibited uniform resistance throughout the second generation, devoid of
segregation. Moreover, the results of F, segregation analysis in the SURES-1 x Od 1002 B and SURES-1 x Od 1318
V populations indicated that resistance to tribenuron methyl is primarily governed by the presence of a dominant gene
allele. These findings offer valuable insights for the development of sunflower hybrids with enhanced herbicide resis-
tance, particularly in regions with adverse climatic conditions.
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INTRODUCTION

The primary objective of crop breeding is to develop
new varieties and hybrids while enhancing the existing
ones. The ever-increasing global population, dimin-
ishing arable land, the impacts of climate change, and
challenges related to water availability underscore the
urgent need to augment food production by improving
the yield potential of cultivated crops. This improve-
ment should not be limited to the acquisition of novel,
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more productive genotypes but should also encompass
the development of innovative cultivation techniques.
The breeding of plants for resistance to herbicides is a
pivotal facet of this endeavor.

Weeds such as Xanthium strumarium L., Abutilon
theophrasti Medik., Solanum nigrum L., Datura stra-
monium L., Ambrosia artemisiifolia L., Cirsium ar-
vense (L.) Scop., Sinapis arvensis L. pose a substantial
threat to sunflower crops as they compete for moisture,
nutrients, and light, significantly diminishing sunflow-
er performance. In some regions, the inefficacy of ex-
isting herbicides in controlling these weeds has neces-
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sitated the breeding and selection of sunflower hybrids
resistant to herbicides from the sulfonylurea and imi-
dazolinone groups. The development of herbicides
resistant to tribenuron methyl (a sulfonylurea herbi-
cide) has enabled effective control of key broadleaf
and grassy weeds in sunflower fields, including the
parasitic weed broomrape (Orobanche cumana) (Vrb-
nicanin S et al, 2017; Clarke CR et al, 2019).

The advent of herbicide-tolerant crops has been made
possible by a new understanding of herbicide mecha-
nisms at the molecular level and the development of in-
novative biotechnology methods (Yalcin K et al, 2018).
In North America, wild sunflower (Helianthus annuus
L.) populations have become weeds in corn and soy-
bean fields, necessitating extensive herbicide applica-
tion. Over time, sunflower plants resistant to herbicides
from the imidazolinone (IMI) and sulfonylurea (SU)
groups have emerged (Seiler GJ et al, 2017; Hristova-
Cherbadzhi M, 2022; White AD et al, 2002; Godar AS
et al, 2013). This discovery has led to intensive efforts
to create sunflower hybrids that are resistant to sulfo-
nylurea herbicides.

At present, two distinct sources of resistance to sul-
fonylurea herbicides have been identified. In the first
instance, resistance to tribenuron methyl was trans-
ferred from wild populations of Helianthus annuus L.
to cultivated annual sunflowers (H. annuus L.) through
traditional breeding methods. This effort resulted in the
creation of two resistant lines, namely SURES-1 and
SURES-2 (Bozic D et al, 2012; Kaya Y et al, 2012).
The second source of resistance, denoted as SU7, was
obtained through chemical mutagenesis using Ethyl
Methanesulfonate (EMS) by the Pioneer company.
Pioneer presented data demonstrating that sunflower
plants acquired resistance to sulfonylurea herbicides
via EMS-induced mutations, akin to those observed
in wild sunflower populations. Following the develop-
ment of these resistant genotypes, widespread global
investigations into the inheritance of this trait were ini-
tiated (Canadian Food Inspection Agency, 2008).

In practice, nearly all forms of herbicide tolerance
exhibit either complete or incomplete dominance. The
genotypes SURES-1 and SURES-2 are homozygous
for the gene conferring resistance to tribenuron methyl.
Crosses involving these lines produced a first genera-
tion (F)) of hybrids displaying complete resistance to
tribenuron methyl, thus indicating complete domi-
nance. To elucidate the inheritance pattern of sulfonyl-
urea herbicide resistance in source SU7, a comprehen-
sive analysis was conducted over five generations. The
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study findings revealed the presence of a single domi-
nant gene that segregated according to Mendel’s law, as
evidenced by its phenotypic expression in the second
generation (Jocic S et al, 2011; Sala C et al, 2012).

Sulfonylurea herbicides function as potent and spe-
cific inhibitors of the enzyme acetohydroxyacid syn-
thase (AHAS), also known as acetolactate synthase
(ALS) (Jocic S et al, 2011; Kolkman JM et al, 2004).
These herbicides offer several advantages, including
their effectiveness at low application rates, a broad
spectrum of weed control, and a relative lack of toxic-
ity to animals (Bozic D et al, 2015). Once applied to the
leaves and roots of target weeds, these substances rap-
idly translocate throughout the entire plant, ultimately
leading to its demise. Herbicides containing the active
ingredient tribenuron methyl are particularly known
for their rapid action and are recommended for post-
germination treatments (Santos G et al, 2012; Jursik M
etal, 2017).

The primary aim of this study is to investigate the in-
heritance patterns of sulfonylurea herbicide resistance
in sunflowers through hybridization analysis under
conditions of insufficient humidification in the south-
ern Steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted in the fields of the Se-
lection and Genetics Institute — National Center of
Seed and Cultivar Investigation (SGI-NCSCI) within
the scientifically established crop rotation plan for the
years 2018 to 2020. The study site was located in the
department of selection and seed study of cross-polli-
nating crops in the village of Dachna, Biliaiiv district,
Odesa region, Ukraine.

The southern Steppe of Ukraine, where the study was
conducted, experiences a notable continental climate
with dry summers. According to the long-term data
collected by the Odesa agrometeorological station,
the average annual air temperature in this region is ap-
proximately +9.6 °C, with peak temperatures reaching
around +30 °C. The accumulated sum of temperatures
above 10 °C ranges between 3,200 and 3,400 degree-
days. Annually, the region receives a limited amount of
precipitation, typically averaging about 350-390 mm.
The relative air humidity for the year averages around
62 %, with a hydrothermal coefficient of 0.7-0.8.

Summer temperatures in the region are notably high.
The long-term average daily temperature for June is
+19.6 °C, for July it is +22.5 °C, and for August, it is
+21.0 °C. These high temperatures can result in soil
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Fig. 1. The average monthly air temperature during the vegetation period (April-September), °C (2018-2020)

surface temperatures reaching as high as 50 °C. Pre-
cipitation during the summer months is infrequent and
mainly occurs as sporadic rain showers. Due to the el-
evated air temperatures, precipitation events with less
than 6 mm of rainfall are not effectively utilized by
plants.

Throughout the years of our investigations, there was
no significant deviation in air temperatures, but they
consistently remained above the long-term annual av-
erage temperature (Fig. 1).

The amount of precipitation during the vegetation pe-
riod from 2018 to 2020 deviated from the typical con-
ditions observed in the southern Steppe zone (Fig. 2).
Over these three years of investigation, we encountered
unusually hot summers characterized by a significant
moisture deficit.

The Steppe region of Ukraine presents a diverse
range of climatic conditions, transitioning from rela-
tively humid in the western part of the Forest-Steppe
to exceptionally dry in the southern Steppe. In terms
of the water balance coefficient, two distinct humidi-
fication zones are identified within Ukraine: non-re-
sistant (characterized by coefficients close to one)
and insufficient (where the coefficient falls below
one). Even in the primary irrigated areas of Ukraine,
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encompassing regions such as Odesa, Mykolayiv,
and Kherson, the water balance coefficient falls in
the range of 0.50 to 0.68, categorizing them as re-
gions with insufficient humidification (Todorova LV
et al, 2019).

Four sunflower hybrids, namely OS 2017 V x OS
1099 V, SURES-1 x Od 1002 B, SURES-1 x Od 1318
V, and Od 1318 V x OS 1295 V, served as the initial
breeding materials (Helianthus annuus L.) for gener-
ating F, hybrid populations. Additionally, three hybrid
populations, F, OS 2017 V x OS 1099 V, F, SURES-1
x Od 1002 B, and F, SURES-1 x Od 1318 V, were
included in the study. These hybrids were obtained
through the cross-breeding of paternal self-pollinated
lines classified as either resistant (SURES-1, OS 2017
V, and OS 1099 V) or non-resistant (Od 1002 B, Od
1318 V, and OS 1295 V) to the sulfonylurea herbicide
Granstar Pro 75 % w.g. (a.s. tribenuron methyl, 750 g/
kg) (Solodenko AYa et al, 2018; Solodenko AE et al,
2018). It is noteworthy that lines SURES-1 and Od
1002 B exhibit pollen sterility, while the remaining
lines (OS 2017 V, OS 1099 V, OS 1318 V, OS 1295 V)
restore pollen fertility (Ilchenko et al, 2020). F, plants
resulting from crosses between SURES-1 x Od 1002
B, 0S 2017 V x OS 1099 V, and SURES-1 x OS 1318
V were analyzed separately.
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Fig. 2. The sum of precipitation during the vegetation period (April-September), mm (2018-2020)

In 2018, initial crossbreeding of self-pollinated
lines was conducted, and selected pairs were iso-
lated for crossing before the onset of flowering, us-
ing pair isolators. Prior to isolation, external leaves
of the cover and leaves near its base in the baskets
were removed. Anthers in maternal lines, namely OS
2017 V, SURES-1, and OS 1318 V, were carefully
removed using forceps that had been sanitized with
an alcohol solution before each use. Hybridization
was carried out from 6 a.m. to 9 a.m. throughout the
entire flowering period. F, and F, hybrids were ob-
tained in 2019 and 2020, respectively.

The herbicide Granstar Pro 75 % w.g. (a.s. tribenuron
methyl) manufactured by the DuPont company, was
utilized in this study. This herbicide is recognized as a
systemic agent designed for post-germination control of
dicotyledonous weeds. It exhibits a broad spectrum of
efficacy on weeds, including those that are resistant to
hormonal herbicides like 2,4-D. The application of this
herbicide leads to the cessation of further weed growth.
Visible symptoms of damage begin to appear within 5
to 8 days after application, and complete plant death
is typically observed within 10 to 25 days. In cooler
and drier climates, the herbicide’s effectiveness may be
somewhat reduced, whereas increased climatic indices
enhance its efficiency. The recommended growth stage
for applying the herbicide to sunflower plants is when
they have reached 3 to 6 pairs of true leaves. A notable
advantage of this herbicide is that its efficacy remains
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unaffected by precipitation occurring up to three hours
after field treatment.

Hybrid populations were subjected to herbicide treat-
ment when they reached the stage of three true leaves.
The herbicide Granstar Pro 75 % w.g. was applied at a
dosage of 25 g/ha using a Spray MASTER-2000 spray-
er. Resistance to the herbicide was assessed on the 14™
day after treatment, with the number of plants treated
with tribenuron methyl being categorized as either re-
sistant or non-resistant. Non-resistant plants displayed
phenological signs such as growth termination, tissue
necrosis, and damage to the apical point.

In evaluating hybrid populations of the second genera-
tion (F,), a chi-square test for differences (x*) was em-
ployed. The values of * correspondence for the F, popu-
lation were consistent with a 3:1 ratio. The difference
between observed and expected frequencies was statisti-
cally insignificant ()’ <x,,). leading to the acceptance
of the null hypothesis (/) (Dospehov BA, 1985).

RESULTS

The outcomes of treating F, sunflower plants with
the herbicide resulted in the identification of three spe-
cific crossing combinations: OS 2017 V x OS 1099 V,
SURES-1 x Od 1002 B, and SURES-1 x Od 1318 V,
all of which exhibited complete resistance in individual
plants. Notably, all hybrid plants in the combination Od
1318 V x OS 1295 V perished upon contact with the
herbicide (Table 1).
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Table 1. Inheritance of sulfonylurea herbicide resistance trait in sunflower hybrids (Helianthus annuus L.) F,

The number of plants, it.
Hybrids F Resistance Total number of
plants, treated with Resistant, it. Non-resistant, it.
herbicide, it.
0S 2017V x0S 1099 V R xR 32 32 0
SURES-1 x Od 1002 B R xN 30 30 0
SURES-1 xOd 1318V R xN 44 44 0
0Od 1318 Vx0OS 1295V N x N 38 0 38

Note. *R — resistance, N — non-resistance of self-pollinated lines to the effect of a sulfonylurea herbicide.

Fig. 3. Sunflower plant responses to herbicide Granstar Pro 75% w.g. a — end of the first week post-treatment; » — end of the
second week, start of the third week post-treatment; ¢ and d — genotype SURES 1, resistant to tribenuron methyl, on day 14
post-treatment

Upon herbicide exposure, susceptible sunflower
plants initially displayed a decline in growth, often
characterized by damage to the apical point. This ini-
tial effect was followed by yellowing, deformity, and
necrosis of vegetative plant organs, ultimately leading
to the complete demise of the sunflower plants (Fig. 3).

Subsequent to the acquisition of F, seeds, first-gener-
ation hybrids were induced to self-pollinate. The plants
of the second generation were then subjected to herbi-
cide treatment at the stage of three true leaves, and the
results are detailed in Table 2.

In the case of the combination OS 2017 V x OS 1099
V, complete resistance to the herbicide Granstar Pro
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75 % w.g. was observed in individual plants. This re-
sistance was consistently demonstrated by plants from
all five baskets. This observation suggests the presence
of a dominant allele of the gene 4HAS1 in the homo-
zygous state within the genotypes of the paternal lines.

Within the combination SURES-1 x Od 1002 B, the
number of homozygous and heterozygous plants unaf-
fected by the herbicide in each of the three baskets was
31, 40, and 31 individual plants, while 6, 9, and 5 were
non-resistant. This distribution aligns with a 3:1 ratio
(¢, = 1.52; 1.15, and 2.37; at Xzexp. =3.84).

In the combination SURES-1 x Od 1318 V, the num-
ber of resistant plants, obtained from F, seeds in five

AGRICULTURAL SCIENCE AND PRACTICE Vol. 10 No.2 2023
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Table 2. Segregation analysis of F, hybrid populations in sunflower (Helianthus annuus L.) y*, < 3.84 for df = 1

Total number of Resistant Non-resistant
Hybrids F, plants, treated with lants. it lants. it s
herbicide, it. pams, it paqs, it

0S 2017V x0S 1099 V/1 59 59 0 19.67
0S 2017V x 0OS 1099 V/2 48 48 0 16.00
0S 2017V x 0OS 1099 V/3 65 65 0 21.67
0S 2017V x0OS 1099 V/4 53 53 0 17.67
0S 2017V x OS 1099 V/5 49 49 0 16.33
SURES-1 x Od 1002 B/1 37 31 6 1.52
SURES-1 x Od 1002 B/2 49 40 9 1.15
SURES-1 x Od 1002 B/3 36 31 5 2.37
SURES-1 x OS 1318 V/1 67 56 11 2.63
SURES-1 x OS 1318 V/2 54 46 8 2.99
SURES-1 x OS 1318 V/3 49 41 8 1.97
SURES-1 x OS 1318 V/5 37 28 9 0.01
SURES-1 x OS 1318 V/6 38 32 6 1.72

Note. 3°,, = 3.84 for df = 1.

baskets, was 56, 46, 41, 28, and 32, whereas the non-re-
sistant plants numbered 11, 8, 8, 9, and 6, respectively.
The observed distribution of shares aligns with Men-
del’s second law for differences between parents con-
cerning the alleles of a single gene (y*,, = 2.63; 2.99;
1.97;0.01; 1.72, at Xzexp_=3.84).

The consistent 3:1 segregation pattern (resistant: non-
resistant) in the F, generation of the two crossing com-
binations (SURES-1 x Od 1002 B and SURES-1 x Od
1318 V) indicates that the trait of resistance to tribe-
nuron methyl is under the control of a single gene. In
this monogenetic control, the dominant allele of the
gene imparts resistance to the herbicide, while the re-
cessive allele renders the plant sensitive to the herbi-
cide’s effects.

DISCUSSION

Determining the genetic basis of herbicide resistance
represents a complex area of investigation. Given that
donor populations exhibit a multitude of traits, which
are characteristic of wild Helianthus annuus L. popu-
lations, investigating the genetics of tolerance neces-
sitates preliminary studies on self-pollinated lines that
are resistant to tribenuron methyl.

Self-pollinated lines, created through the crossing
of SURES-1 with lines Na-26, VL-A-8, and Kha-48,
displayed tolerance to a double dose of tribenuron
methyl. An examination of the mutation responsible
for endowing sunflowers with resistance to herbicides
from the sulfonylurea and imidazolinone groups re-
vealed that populations of SURES-1 and SURES-2
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contained the Pro197 mutation. This mutation is one of
the most common mutations found in cultivated plants
resistant to acetolactate synthase (ALS)-inhibiting her-
bicides (Kolkman et al, 2004). Further studies, aimed
at developing hybrids resistant to tribenuron methyl,
demonstrated that progenies of the initial populations
resulting from crosses with SURES-1 and SURES-2
exhibited complete tolerance to tribenuron methyl,
indicating that these populations were entirely homo-
zygous for this trait. In the F, generations, complete
resistance was observed, with slight chlorosis, yet no
growth delay compared to the treated control variant,
illustrating complete dominance (Sinisa J et al, 2011).

S. O. Kirienko observed a monogenic inheritance pat-
tern of resistance in both the first (F,) and second (F,)
hybrid generations, characterized by complete domi-
nance (Kirienko S, 2015). This monogenic inheritance
pattern represents a promising approach for developing
resistant hybrids because, to create it, obtaining a sin-
gle resistant paternal component suffices, significantly
streamlining the breeding process. When the pheno-
typic expression of a particular trait is influenced by a
complex genetic system, such a sample should not be
regarded as a universal donor of that trait, as it may not
guarantee the desired result when combined with other
paternal components (Lebedenko Ie, 2019).

In our study, the F, hybrids OS 2017 V x OS 1099 V,
SURES-1 x Od 1002 B, and SURES-1 x Od 1318 V
displayed complete resistance to the herbicide Granstar
Pro 75 % w.g. and exhibited two distinct phenotypic
classes: resistant and non-resistant. Importantly, there
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was a conspicuous absence of an intermediate pheno-
typic class characterized by symptoms such as yellow-
ing (chlorosis), deformity of plant organs, and growth
delay, which may suggest the presence of modifying
genes or incomplete dominance of the trait. Conse-
quently, the inheritance pattern of the resistance trait to
sulfonylurea herbicides in the first-generation hybrids,
when exposed to the standard herbicide dose (25 g/ha),
is indicative of complete dominance.

The segregation patterns observed in the hybrid pop-
ulations F,, which resulted from self-pollination of F,
plants, further confirmed the monogenic inheritance
pattern, as evidenced by the consistent 3:1 ratio (resis-
tant: non-resistant).

CONCLUSIONS

The investigation into the inheritance of resistance
to sulfonylurea herbicides, conducted within the chal-
lenging climatic conditions of the southern Steppe of
Ukraine, revealed significant insights into the genetic
basis of resistance in sunflower plants. Notably, in the
F, generation, all hybrid combinations exhibited com-
plete resistance to the herbicide Granstar Pro 75% w.g.
when one paternal component possessed resistance to
the herbicide.

In the second generation, as observed in the combina-
tion OS 2017 V x OS 1099 V, there was no segregation
of resistant and non-resistant individuals, primarily
because both paternal components in this hybrid were
inherently resistant to the herbicide’s effects. This em-
phasizes the significance of selecting resistant paternal
components when aiming to create herbicide-resistant
sunflower hybrids.

Furthermore, the outcomes of splitting in the F, pop-
ulations, specifically in the cases of SURES-1 x Od
1002 B and SURES-1 x Od 1318 V, conclusively in-
dicated that the resistance to tribenuron methyl in the
self-pollinated lines employed in this study was under
the control of a dominant gene allele. This genetic in-
sight paves the way for more effective breeding strat-
egies, offering a simplified approach to develop sun-
flower hybrids with increased herbicide resistance.
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Meta. JlocimipKeHHSI yCHaJKOBYBaHHSI O3HAaKH «CTIMKICTh
0 TepOiluaiB rpynu Cyab()OHIICCYOBUHY» Y COHSIIHHKY
B YMOBax HeJOCTaTHHOro 3BosokeHHs IliBnennoro Cremy
VYkpainu. Metomm. [301r0BaHHs, KacTparilisi, TiOpuIu3ariis,
obmpuckyBanns Tiopuaie F, Tta pocmun F, repbimmmom
I'pancarap Ilpo 75 % B. (A.p. TpUOEHYpPOH-METHI),
OIliHKa CTIMKOCTI J0 TepOimmay, CcTaTHCTHYHA OO0poOKa
OTpUMaHuX pe3ynbrariB. Pesyabrarn. [t mocimikeHHS
O3HaKH YCIIaJKOBYBaHHS «CTIMKICTh 10 TepOIlUAIB Ipynu
cynbhonincedoBuH» Oynmu BukopucTanHi crifiki (SURES-1,
OC 1099 B, OC 2017 B) Ta mecrtiiiki (Ox 1002 B, On
1318 B, OC 1295 B) reHotunu COHSIIHUKY. B pesymbra-
Ti CXpellyBaHb OTPUMAJIM YOTHPH TiOpuaHi KomOiHaril
F: OC 2017 B x OC 1099 B, SURES-1 x Ox 1002 b,
SURES-1 x Ox 1318 B Ta Ox 1318 B x OC 1295 B. Ilicns
00pobku pociun F, repbinumom I'pancrap Ilpo 75 % B.T.
Bugimmm Tpu komOiHamii (OC 2017 B x OC 1099 B,
SURES-1 x Ox 1002 B, SURES-1 x Ogx 1318 B), ski
MOKa3aJid MOBHY CTIHKICTh 0 Hpemnapary. Y APYroMmy Io-
KOJIIHHI, Ticist 0OpoOKH POCIHMH TepOinnaoM, y TiOpHIHAX
komOinamist SURES-1 x Ox 1002 b, SURES-1 x Ox 1318 B
CTIOCTepiraiy poO3IIEIUICHHsT Ha CTilKi Ta HecTiiki. Poc-
sman koMbOiHatii OC 2017 B x OC 1099 B nokazanu moBHy
CTiiKicTe 10 nii repbinmmy. BucHoBok. JlocmimkeHHs,
skl mpoBenieHi B ymoBax [liBgeHHoro Cremy Ykpainu 1o
YCIIaIKOBYBaHHIO O3HAKU «CTIMKICTh 10 TepOilnaiB rpymnu
Cynb(OHIJICEYOBUHY», TOKA3aJdH MOBHY CTIHKICTh POCIHH
COHAIIHMKY Y TPhOX riOpuaHux komOiHawii F ta F,. V poc-
mmH F, komb6inarii OC 2017 B x OC 1099 B ne cnocrepi-
rajy pO3LICIUICHHS. 3a pe3yiabraTaMi pO3ILIEIUICHHS MOo-
mysiid gpyroro moxomiaHsS (SURES-1 x Ox 1002 B,
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SURES-1 x Ox 1318 B) BCTaHOBHMJIHM, IO CTiHKICTH 0
TpUOEHYPOH-METHITY, 0OyMOBIICHA Ji€10 JOMIHAHTHOTO aje-
JIsl TeHa.

KurouoBi cjioBa: COHSAIIHUK, CTIHKICTH A0 TepOilUiB,
Cynb()OHIICCYOBHUHA, TPHOCHYPOH-METHII, YCIIAAKOBYBaHHS,
red AHAS.
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