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Adaptability of F_ sunflower hybrids, created according
to an integrated system of line selection for economically
valuable traits in various agroclimatic zones
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Purpose. Determine the ecological plasticity and productivity of F sunflower hybrids created on the basis of maternal
and parental lines, selected according to an accelerated selection system of lines resistant to herbicides (imidazoline and
sulfonylurea groups) and broomrape (Orobanche cumana Wallr.). Methods. Statistical analysis of F, sunflower hybrids
was carried out using the methods of variation statistics, regression and analysis of variance using the Microsoft Office
Excel 2016 application package. Molecular biological, biotechnological and classical selection methods were used for the
accelerated system of line selection. Thus, for the purpose of targeted selection of sunflower sterility fixers, we used HRGO1
molecular SCAR marker to identify the gene for the restoration of pollen fertility (Rf,). To accelerate the creation of parental
lines resistant to tribenuron-methyl, we used a culture of immature embryos in vitro. Results. The results of testing of F,
sunflower hybrids at Kyiv, Chernihiv, Cherkasy (Uman and Shpolianskyi districts), Khmelnytskyi, Kharkiv, Kherson and Odesa
regions. The hybrids were created on the basis of selected lines, chosen according to an accelerated selection system
for herbicide-resistant lines (imidazoline (IMI-hybrids) and sulfonylurea (SU-hybrids) groups) and broomrape (Orobanche
cumana Wall). The standards for comparison with hybrids were: for IMI hybrids — hybrids ‘NK Neoma” (Syngenta) and
‘ES Genesis’ (Euralis), and for SU-hybrids — ‘SY Sumiko’ (Syngenta) and ‘P64LE25" (Pioneer). As a result, it was found that
among SU-hybrids, UA 2/106 had a 3.9% higher yield when compared to the standards ('SY Sumiko” and ‘P64LE25"). And
for IMI-hybrids it was found that hybrids UA 1/67, UA 1/66, UA 1/84 have the same yield of 2.76 t/ha as the ‘NK Neoma’
standard. IMI hybrids UA 1/92, UA 1/102 have the same yield of 2.91 t/ha as ‘ES Genesis'. Conclusions. F, hybrids were
created on the basis of the original breeding material selected due to the accelerated system of sunflower lines selection.
The hybrids were analyzed according to the yield indicator. The most productive among the tested SU-hybrids was UA 2/106
hybrid, among the IMI hybrids — UA 1/67, UA 1/66, UA 1/84, UA 1/92 and UA 1/102.
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ding sunflower hybrids characterized by a set

Introduction of certain economically valuable traits, such

Sunflower (Helianthus annuus L.) is the
main oilseed crop in Ukraine; in 2020 it was
grown on an area of more than 6 million hec-
tares [1]. In industrial production, high-yiel-
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as resistance to: herbicides of sulfonylurea
and imidazoline groups, diseases, pests, and
parasitic weed sunflower broomrape are used.
To create sunflower F, hybrids, cytoplasmic
male sterility (CMS) is used, where the main
components of the hybrid are a sterile sun-
flower pollen maintainer (Nrf,rf,), its sterile
analogue (Srf,rf,) and a sunflower pollen fer-
tility restorer (N/SRf,Rf,) [2]. The selection
of each component based on valuable traits
[resistance to herbicides and parasitic weed
broomrape (Orobanche cumana Wallr.)] is a
long selection process that lasts for 6 years,
and with testing of hybrids and their subse-
quent registration lasts 12 years [2, 3]. The
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use of molecular biological, biotechnological
and immunological methods (testing lines on
an artificial infectious background in labora-
tory conditions to determine the resistance of
the starting material to the parasitic plant
sunflower broomrape) together with classical
breeding methods allows for the accelerated
creation and selection of parental lines with
economically valuable traits. For example, using
molecular markers (RAPD, ALFP, SSR, etc.),
it is possible to identify resistance genes: to
downy mildew (Pl genes) [3—5], parasitic plant
sunflower broomrape (Or genes) [3, 6, 7], her-
bicides (AHAS/ALS genes) [3, 8, 9] and pollen
fertility restoration genes (Rf genes) [10—14]
in paternal sunflower lines. This method al-
lows to carry out targeted selections among
the source material of sunflower by the given
genes (Pl, Or, Rf, AHAS/ALS, etc.). Among
the methods for obtaining paternal compo-
nents with certain characteristics, the method
of culture of immature embryos in vitro is
effective. This method is also used to study
somatic embryogenesis, organogenesis, and
regeneration [15—-19], to obtain plants with
altered traits after their genetic transformati-
on [20], to reproduce seeds with low viability,
as well as to obtain distant hybrids [2, 21].

The ultimate goal of selecting the sunflow-
er resulting lines is their further crossing to
create hybrids (F,), which will have certain
economically valuable traits (resistance to
herbicides and to a parasitic weed sunflower
broomrape, drought, increased yield and oil
content, etc.).

A prerequisite for the introduction of new
sunflower hybrids into industrial cultivation
is testing of hybrids for an objective assess-
ment of their genetic potential, competitive-
ness and adaptability, in order to determine
the cultivation zone to obtain the maximum
yield level. Environmental tests make it pos-
sible to assess the ecological plasticity in terms
of yield, which is one of the methods for stu-
dying the reaction rates for this trait and the
growing area [22-24].

The aim of the study is to determine the
ecological plasticity and yield of F, sunflower
hybrids in an ecological test, obtained on the
basis of maternal and paternal lines, selected
according to an accelerated selection system
of lines resistant to herbicides (imidazoline
and sulfonylurea groups) and broomrape
(Orobanche cumana Wallr.).

The hybrids tested in 2020 were selected
according to the accelerated selection system
for the initial material of sunflower resistant
to herbicides (imidazoline and sulfonylurea
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groups) and a plant-parasitic weed sunflower
broomrape, developed during 2016-2020. A
feature of the created system of accelerated
selection is the phased application of a com-
plex of biotechnological, molecular biological
and breeding methods of acceleration and tar-
geted selection of lines with the desired eco-
nomically valuable traits.

Materials and research methods

Plant material

Sunflower hybrids are created on the basis
of maternal and paternal lines resistant to
herbicides and broomrape, selected according
to an accelerated selection system.

To create hybrids resistant to herbicides of
the imidazoline group (the Euro-Lightning
herbicide of the Clearfield production system
of BASF with the active ingredient imizapyr
15 g/1 and imazamox 33 g/l), the following
material was used:

—maternal lines—BH320/‘NK Neoma’ (11/15),
BH320/‘NKNeoma’(11/103), BH320/‘NK Ne-
oma’ (11/104), BHO39/‘EC Artemis’ (11/162),
BH3978/‘Dragan’ (12/155) ta BH3978/‘Dra-
gan’ (12/156) [25];

— paternal line — line 3 [26].

For hybrids resistant to sulfonylurea herbi-
cides (herbicide Granstar Gold 75 by Dupont
with the active ingredient tribenuron-methyl
750 g/kg), the following was used:

— maternal lines — Ls8A/Lc1093B (9/10),
Ls8A/Lc1093B (9/12), Ls8A/Lc1093B (9/117),
Zoria FN/Lc1093B (9/138), Zoria FN/Lc1093B
(9/166), A12/Lcl1093B (10/124) rta Al2/
Lc1093B (10/216) [25];

— paternal lines — BH0118/SURES-2 (101/1),
BHO0118/SURES-2(101/4), BH0118/SURES-2
(101/6), BH0118/SURES-2 (101/7), BH0218/
SURES-2 (101/11, BH0218/SURES-2 (101/12),
BHO0218/SURES-2 (101/16), BHO218/SURES-2
(101/17),BH0218/SURES-2(101/18), BH0318/
SURES-2(101/21), BH0318/SURES-2(101/24),
BHO0318/SURES-2 (101/28), BHO318/SURES-2
(101/30) [26].

The system of accelerated selection of pater-
nal lines was carried out according to the scheme
shown in Figure 1. Work with the mother lines
was conducted in two stages: 1) isolation of ste-
rility maintainers using SCAR marker HRGO1;
2) the isolation of broomrape resistant sterility
maintainers on an artificial infectious back-
ground in laboratory conditions. Work with
paternal forms included: 1) study of the regene-
rative capacity of sunflower pollen fertility re-
storer lines resistant to imidazolinones, and ac-
celerated creation of fertility restorer lines re-
sistant to tribenuron-methyl when using a cul-
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ture of immature embryos; 2) isolation of pollen
fertility restorer lines resistant to broomrape

MATERNAL FORMS

__________________________________________________

Study of the regenerative |,
capacity of sunflower pollen |, restorer lines resistant
fertility restorer lines "

__________________________________________________

! Isolation of sterility "
! maintainers using T
I SCAR marker HRGO1 "

on an artificial infectious background in labora-
tory conditions.

PATERNAL FORMS

__________________________________________________

Accelerated creation of fertility

to tribenuron-methyl when using a culture
i of immature embryos

________________________________________

Evaluation of selected sunflower materials for resistance to broomrape
on an artificial infectious background in laboratory conditions

Creating sunflower hybrids (F,) based on the selected maternal
and paternal lines resistant to herbicides and broomrape

Analysis of sunflower hybrids (F,) by yield,
resistance to herbicides and broomrape

Fig. 1. General scheme of the accelerated system of sunflower parental lines selection

Identification of SCAR marker HRGO1 was
carried out by PCR using a pair of primers flan-
king the 1.1 cM region between OPK13 454 and
E33M61 136 in 13 sunflower linkage group
[11]. The nucleotide sequence of the primers to
the HRGO1 locus was as follows: F primer: 5°-
TATGCATAATTAGTTATACCC-3"; R primer:
5’-ACATAAGGATTATGTACGGG-3’ [11]. PCR
was performed using GenePak PCR Core rea-
gent kits, «Isogen» (Russia). DNA was isolated
using the STAB method [27]. The reaction mix-
ture consisted of 0.2 pl of each primer, 2 ul of
PCR buffer 10x DreamTagTM GreenBuffer
(Thermo Scientific), 0.2 mM of each deoxyribo-
nucleoside triphosphate (ANTP) (Thermo Scien-
tific), 2 units of polymerase 20 ng of genomic
DNA. The final volume of the reaction mixture
was 20 pL, to which additional 20 pL of min-
eral oil was added to prevent evaporation of the
reaction mixture because thermostat lid is not
heated. PCR was carried out in thermal cycler
«Tertsik» (Russia) according to the program:
initial denaturation for 10 min at 94 °C; 35
cycles — denaturation for 45 s at 94 °C; annea-
ling for 45 seconds at 58 °C; elongation for 60 s
at 72 °C; final elongation for 6 min at 72 °C to
detect the HRGO1 marker.

After the completion of PCR, the amplifica-
tion products were separated by electrophore-
sis in 2% agarose gel, stained with ethidium
bromide. The DNA ladders 50 bp kit (Thermo
Scientific) was used to mark the length of the
obtained fragments [14].

The studies of the regenerative capacity of
sunflower fertility restorer lines resistant to
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herbicides of the imidazoline group were car-
ried out on 4 sunflower fertility restorer lines
(2, 3, 19, 35) for the induction of organoge-
nesis in vitro. To obtain an in vitro culture,
cotyledons isolated from immature sunflower
embryos selected on the 21st day after pollina-
tion were used. This work consisted of the
following stages: sterilization of seeds, isola-
tion of explants (cotyledons), induction of ad-
ventitious shoots and their elongation, root-
ing of regenerated plants, and adaptation of
regenerated plants in a greenhouse.

21-day-old immature seeds were soaked for
one day in distilled water to soften the shell,
then the husks were separated from the im-
mature seeds and the immature seeds were
sterilized in 70% ethyl alcohol (1-2 min), a
solution of household bleach «Bilyzna» (dilu-
tion in water in ratio 1 : 2) for 20 min, fol-
lowed by washing with sterile distilled water
(three times).

For the induction of adventitious buds, 5
modifications of the Murashige-Skoog medi-
um (MS) [28] were used, supplemented with
vitamins B5 [29], 3% sucrose, 5 mg/L AgNO3
and the following growth regulators:

1) 2 mg/L N-isopentenylaminopurine (2-iP),
0.5 mg/L indole-3-acetic acid (IAA), 0.1 mg/L
thidiazuron (TDZ) [26];

2) 2 mg/L N-isopentenylaminopurine (2-iP),
0.5 mg/L picloram, 0.1 mg/L thidiazuron
(TDZ);

3) 1 mg/L 6-benzylaminopurine (BAP), 1 mg/L
1-Naphthaleneacetic acid (NAA), 0.1 mg/L gib-
berellic acid (GA,) [18];
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4) 1 mg/l 6-benzylaminopurine (BAP),
0.25 mg/L indole-3-acetic acid (IAA), 0.1 mg/L
gibberellic acid (GA,);

5) 2 mg/L kinetin (Kn), 0.5 mg/L 1-Naph-
thaleneacetic acid (NAA).

The pH of the medium was adjusted to
5.7 = 0.1 using 1M KOH or HCI solution and
autoclaved at 120 °C for 20 minutes.

The proliferation of adventitious buds was
carried out on medium 1 and on medium sup-
plemented with 3 mg/L 6-benzylaminopurine
(BAP) and 2 mg/L N-isopentenyl aminopurine
(2-iP).

For induction of morphogenesis, part of the
explants were cultured for 21 days at a 16-
hour photoperiod at a temperature of 25 °C,
the rest of the explants were cultured for 14
days in darkness and 7 days at a 16-hour pho-
toperiod at a temperature of 25 °C.

Adventitious shoots elongation was per-
formed on MS media [28] with vitamins B5
[29], 3% sucrose, 5 mg/1 AgNO3, supplemen-
ted with: 1) 0.1 mg/L 6-benzylaminopurine
(BAP) [20]; 2) 1 mg/L N-isopentenyl aminopu-
rine (2-iP), 0.5 mg/L 6-benzylaminopurine
(BAP) [30]; 3) 0.2 mg/L gibberellic acid (GA,)
[18]. Regenerated plants, which formed a
well-developed root system, were adapted in a
greenhouse with photoperiodic lighting (16
hours of light: 8 hours of dark) and a tem-
perature of 25 °C.

As a result of these experiments, the opti-
mal cultivation conditions were established to
obtain the maximum proportion of sunflower
regenerants, and an effective rooting system
of adventitious shoots was developed, which
allows the regenerant plants to be adapted to
the greenhouse conditions [17].

Using an immature embryo culture of sun-
flower for the accelerated isolation of triben-
uron-methyl resistant lines. The study carried
out during 2017-2019, began with the cros-
sing of fertility restorer lines BH0118, BH0218,
and BH0318, which do not contain the tribenu-
ron methyl resistance donor SURES-2 (TBM
gene-resistance AHASL1-2) [19].

As a result of crossing the fertility line re-
storers BH0118, BH0218, and BH0318 with
the tribenuron methyl resistance donor
SURES-2, the genotypes SURES-2/BH0118,
SURES-2/BH0218, SURES-2/BH were ob-
tained. On the 21st day after flowering, 30
immature seeds were isolated from each bas-
ket and introduced into in vitro culture. For
introduction into in vitro culture, immature
seeds were sterilized in 70% ethyl alcohol
(1-2 min), a solution of household bleach «Bi-
lyzna» (dilution in water in a ratio of 1 : 2)
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for 20 min, followed by washing with sterile
distilled water (three times). After steriliza-
tion of immature seeds, the embryo with en-
dosperm was peeled off. Then it was placed in
Petri dishes with a basic MC medium [28] with
the addition of 0.1 mg/L 6-benzylaminopurine
(BAP). On 10-14 days of in vitro cultivation,
sunflower seedlings with formed roots were
obtained; they were subsequently planted in
the soil, where they were adapted to green-
house conditions and self-pollinated to pro-
duce I, seeds. On days 10-14 of in vitro culti-
vation, sunflower seedlings with formed roots
were obtained; they were subsequently planted
in the soil, where they were adapted to green-
house conditions and self-pollinated for ob-
taining I, seeds.

In the spring of 2018, I, seeds obtained from
self-pollinated regenerant plants that under-
went adaptation after cultivation in vitro were
sown at the breeding base of the All-Ukrainian
Scientific Institute of Breeding (VNIS) located
in the Obukhiv district of the Kyiv region in
the village of Bezimenne. The plants were
treated with the herbicide Granstar Gold 75
with the active ingredient tribenuron-methyl
at a dose of 100 g/ha. For spraying, a selec-
tion sprayer created by the engineers of the
VNIS company according to their technology
was used, which made it possible to uniformly
apply the herbicide to the leaf plate and the
growth point of sunflower plants. Plants that
showed no signs of herbicidal stress were
forced to self-pollination. In July of the same
year, immature embryos were selected from
self-pollinated plants resistant to tribenuron-
methyl on the 21st day after flowering and
reintroduced into in vitro culture to carry out
another cycle of self-pollination and obtain I,
seeds.

In 2019, I, seeds were sown in a breeding
field (Obukhiv district of Kyiv region, Bez-
imenne village) and treated with herbicide.
Plants noted to be resistant to the herbicide
were forced to self-pollinate again [19].

Testing for resistance to broomrape of ma-
ternal and paternal lines. Testing of these
lines was carried out in the department of
plant immunity to diseases and pests of
Ukrainian Scientific Institute of Plant Bree-
ding (VNIS).

Seeds of the parasite weed broomrape were
collected from the host plant in the phase of
physiological ripeness to carry out such tes-
ting. Seeds were collected in the Zaporizhzhia,
Kharkiv, Kirovohrad, Odesa, Donetsk, Luhansk
and Kherson regions on the fields of sunflo-
wer hybrids resistant to the E, F and G broom-
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rape races (information on the resistance of
hybrids was used from the catalogs of Lima-
grain, Syngenta, Pioneer companies with de-
tailed information on sunflower hybrids), as
well as from the demonstration fields of sun-
flower seed producing companies located near
the central roads in each area, which were sub-
sequently sieved to separate dry plant resi-
dues.

Seeds of sterility maintainer and fertility
restorer lines were sown in pots with an in-
fected peat mixture, which included 5 L of
peat (= 1 kg 300 g), 2 kg of sand and 2 g of
broomrape seeds.

After 30-35 days, the sunflower plants
were carefully removed from the peat mixture
and recorded the presence of broomrape tuber-
cles. The count was carried out visually — the
presence or absence of broomrape tubercles
was determined on each of the studied plants.

Limagrain hybrids, namely ‘LG 50505’ (re-
sistant to the G race of broomrape) — resistan-
ce standard (St R «resistance») and ‘LG 5665’
(resistant to the E race of broomrape) —
susceptibility standard (St S «susceptible»)
were used as standards (St), for comparison
the level of plant damage by bloomrape [26].

Method for environmental testing of F, hy-
brids and statistical processing of the results.
Testing of sunflower hybrids was carried out
in accordance with the method generally ac-
cepted for the culture [31, 32]. In accordance
with the methods [33, 34], the parameters of
ecological plasticity and stability of sunflower
hybrids were calculated. When calculating the
coefficient of linear regression (bi), the level
of ecological plasticity of hybrids was estab-
lished. When using the standard deviation
from the regression line (S;?), the stability of
the hybrid to various growing conditions was
revealed, where X, is the mean value of the
trait of the I genotype under points, I is the
environmental index. According to the coef-
ficient of ecological plasticity (bi), hybrids are
divided into three groups:

1) high plasticity bi > (1 + o) — under fa-
vorable conditions (under conditions with the
maximum manifestation of the trait), the
manifestation of the trait increases;

2) medium plasticity bi = (1 = ) — the mani-
festation of the trait is at the level of medium
sensitivity in the sample of hybrids under
study;

3) low plasticity bi = (1 — ) — the manifesta-
tion of the trait decreases under favorable con-
ditions.

Hybrids were created in a winter nursery
located in South America (Chile), the city of
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Rancagua, during 2019-2020. The line used
in the creation of sunflower hybrids was pre-
viously selected according to the accelerated
complex selection system described above.

Depending on the resistance to certain her-
bicides, the hybrids were divided into sulfony-
lurea herbicide resistant (SU hybrids) and
imidazoline herbicide resistant (IMI hybrids).
The standards against which yields were com-
pared were hybrids: for IMI hybrids, a hybrid
of Syngenta ‘NK Neoma’ and Euralis ‘ES Gene-
sis’, and for SU hybrids, a hybrid of Syngenta
‘SY Sumiko’ and Pioneer ‘P64LE25’, as these
hybrids are among the most productive in
Ukraine.

F, hybrids were tested during 2020 at 8
sites in the Obukhiv district of Kyiv region,
Borozna district of Chernihiv region, Shpola
district of Cherkasy region, Uman district of
Cherkasy region, Teofipol district of the
Khmelnytskyi region, Pervomaisk district of
Kharkiv region, Novotroinske district of
Kherson region, Kalievskyi district of Odesa
region. The hybrids were sowed according to
a randomized scheme in two repetitions. The
hybrids were divided into blocks, 40 hybrids
per block, where 4 hybrids were standards.

The total size of the plot was 20 m2, the size
of the accounting plot was 10 m2. The density
of plant standing before harvesting corre-
sponded to the recommended number for the
zone — 60—65 thousand plants per hectare in
the zone of sufficient moisture and 50-55
thousand plants in the zone with moisture de-
ficiency. So, the zone of sufficient moisture
includes Khmelnytskyi, Kyiv and Chernihiv
regions, the zone of insufficient moisture —
Cherkasy and Kharkiv, the zone of deficient
moisture — Kherson and Odesa regions.

Research results

The creation of a high-yielding sunflower
hybrid takes about 12 years, of which it takes
from 6 to 8 years to create maternal and pa-
ternal lines, therefore various methods are
increasingly being used in sunflower breeding
programs to speed up the creation of initial
sunflower breeding material. Methods that al-
low targeted selection for certain characteris-
tics include molecular biology methods, bio-
technological methods (immature embryo cul-
ture, in vitro cell and tissue culture), assess-
ment of material resistance to pathogens using
an artificial infectious background, etc.

Thus, currently there are works that are sepa-
rately aimed at the use of molecular markers to
determine the presence of certain genes respon-
sible for the manifestation of a trait [4-7].

ISSN 2518-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, N¢ 4



Genetics

Among the various biotechnological methods
used to improve sunflower lines are immature
embryo culture, culture of protoplasts and hap-
loids [35]. However, work with sunflower is
limited by its regenerative capacity in vitro [36,
37]. Although methods for studying sunflower
regeneration by direct organogenesis were de-
scribed [16, 30, 38], it has been established that
sunflower regenerative capacity depends on a
number of factors, such as: genotype, nutrient
medium components, explant type and age, and
in vitro cultivation methods. Therefore, a criti-
cal moment in the development of an effective
sunflower regeneration protocol is the selection
of cultivation conditions, the choice of an ex-
plant and a genotype that will be marked by a
high regenerative capacity.

The proposed system for selecting maternal
and paternal sunflower lines with economi-
cally valuable traits is based on a phased com-
bination of biotechnological, molecular bio-
logical and breeding methods combined into
one complex system for accelerated selection
of lines (Fig. 2 and Fig. 3). The system of ac-

celerated selection of paternal lines was car-
ried out according to the scheme shown in
Figure 1. The molecular SCAR marker HRGO1
was used on maternal lines to identify the fer-
tility restorer gene (Rfl). Using this method,
we carried out a targeted selection of sterility
maintainers among maternal lines, with geno-
type Nrf,rf, [14]. This accelerated the selec-
tion of maternal lines, which were later tested
on an artificial infectious background in the
laboratory for resistance to broomrape [25].

The work with paternal lines was carried
out in two directions: 1) the regenerative ca-
pacity was studied by direct organogenesis on
pollen fertility restorer lines resistant to imi-
dazoline group herbicides [17]; 2) accelerated
creation of sunflower pollen fertility restorer
lines resistant to sulfonylurea group herbi-
cides using an immature embryo culture of
[19]. As a result of the studies performed with
fertility restorer lines, the selected material
was tested on an artificial infectious back-
ground in order to isolate the lines resistant
to broomrape [26].

| MATERNAL FORMS |

| MOLECULAR METHODS |

Vegetation
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Winter
2017-2018

and sulfonylurea groups using
SCAR marker HRGO1

___________________________________

Vegetation
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______________________________________ maintainers
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BREEDING METHODS

in vivo
carrying out analyzing crosses of maternal lines
resistant to herbicides of the imidazoline and
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-

in vivo
analysis of the conducted test cross

Evaluation of selected sunflower material for resistance to broomrape on an artificial infectious background
in laboratory conditions, 2019-2020

Creation and evaluation of first-generation (F,) herbicide-resistant hybrids in terms
: of yield and adaptability (2020) :

Fig. 2. Scheme of research when working with maternal forms

So, we have shown that when using SCAR
marker HRGO1, it is possible to carry out a
targeted selection of sunflower sterility main-
tainers. 477 lines resistant to herbicides of the
imidazoline group were tested, including 130
lines BH320/‘NK Neoma’, 156 lines BH039/
‘ES Artimis’, 191 lines BH3978/‘Dragan’. As
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a result, it was found that the sterility main-
tainers (Nrfrf) [samples in which fertility re-
storer gene (Rf,) was not detected] in the
BH320/°‘NK Neoma’ maternal lines were all tes-
ted samples, 107 among the BHO39/‘ES Ar-
timis’ line (4) and 128 samples in the BH3978/
‘Dragan’ combination. In total, out of 477
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resistant to herbicides, in terms of yield, adaptability

Fig. 3. Scheme of research when working with paternal forms

imidazoline lines, 365 were sunflower pollen
sterility maintainers.

When testing 344 samples of lines resistant
to herbicides of the sulfonylurea group,
where 105 samples of lines of the Ls8A/

Lc1093B combination, 120 samples of the
‘Zoria FN’/Lc1093B combination, and 119
samples of the A12/Lc109B combination, it
was found that all samples are sterility main-
tainers [14].

411, M5 ﬂ(ﬂ'!"ur T8 20 T30 TVRT MR A TETVRG IO 0290 03T N NS sk T

-qﬂb-—i

Fig. 4. Electrophoregram of amplification products usin

M50 — 50 bp DNA Ladder molecular weight
marker. Lanes: 113, 115, 117, 122, 124, 127,
129, 131, 132 — individual plants of the stu-
died lines (no 426 bp amplicon); 114, 116,
119-121, 126, 128, 130, 133—-137 — amplicon
is observed in plants.

In the study of sunflower pollen fertility
restorer lines resistant to imidazolinones, ac-
cording to the regenerative ability, which con-
sisted of the induction and elongation of ad-
ventitious shoots, rooting and adaptation of
regenerative plants to greenhouse conditions,
line 35 was selected for high regenerative abi-

EGL SR, w GuEuEuuEE e

g SCAR marker HRGO1 of BH039/ “ES Artimis’ maternal line

lity. As a result of the study, optimal cultiva-
tion conditions were selected to obtain the
maximum share of sunflower regenerants and
an effective system for adventitious shoots
rooting was developed, which allowed to adapt
regenerated plants to aseptic conditions [17].

As a result of crossing the fertility restorer
lines BH0118, BH0218 and BH0318 with the
tribenuron-methyl resistance donor SURES-2
(TBM gene-resistance AHASL1-2), these com-
binations were obtained: BH02 2, BH0318/
SURES-2. As a result of the staged cultivation
of 21-day immature sunflower embryos and
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with the selection of tribenuron-methyl-re-
sistant plants (in the field), during 2017-2019
ten lines homozygous for tribenuron-methyl
resistance were isolated from each combina-
tion of BHO118/SURES-2, BH0218/SURES-2,
BH0318/SURES-2 [19].

Selected maternal (709 sterility maintainers,
of which 365 were resistant to imidazolinones
and 344 were resistant to tribenuron-methyl)
and paternal lines (4 lines with resistance to

imidazolinones and 30 lines from each combi-
nation of BH0118/SURES-2, BH3/SURES-2)
were tested on an artificial infectious back-
ground in laboratory conditions in order to iso-
late the lines resistant to broomrape.

Testing on an artificial infectious back-
ground in the laboratory was carried out by
visual assessment of the presence of broom-
rape (Fig. 5.) during the winter period of
2019.

Fig. 5. Visual assessment of the presence of broomrape on sunflower lines, where 1 is a resistant plant
(no broomrape was found) and 2, 3 is a susceptible to broomrape plant (tubercle of a parasitic weed were found)

When evaluating maternal lines resistant
to imidazolinones on an artificial infectious
background, it was found that three lines
from BH320/‘NK Neoma’ (11/15, 11/103,
11/104), one line (11/162) from BH039/‘ES
Artimis’ and two lines from the combina-
tion BH3978/‘Dragan’ (12/155, 12/156)
were highly resistant to G-race of broom-
rape. Among lines resistant to tribenuron-
methyl three lines from Ls8A/Lcl1093B
(9/10, 9/12, 9/117) and two lines from ‘Zo-
ria FN’/Lc1093B (9/138, 9/166) and Al12/
Lc1093B (10/124, 10/216), as highly re-
sistant to broomrape were chosen [25]. The
results of the visual assessment are presen-
ted in Table 1.

When assessing the parental lines, it was
found that among the imidazoline lines (2, 3,
19, 35) on an artificial infectious background
under laboratory conditions, line 35 was iso-
lated as highly resistant, since no signs of
damage by broomrape were found in 100% of
the plants. Among those resistant to tribe-
nuron-methyl, four lines highly resistant to
G-race of broomrape were distinguished from
the combinations BH0118/SURES-2 (101/1,
101/4, 101/6, 101/7) and BH0318/SURES-2

ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, Vou. 17, No 4

(101/21, 101/24, 101/28, 101/30, and five
lines (101/11, 101/12, 101/16, 101/17,
101/18) from the BH0218/SURES-2 combina-
tion [26] (Table 2).

Therefore, using the accelerated selection
system, we chose maternal and paternal lines
resistant to herbicides (imidazoline and sul-
fonylurea groups) and sunflower broomrape
in a short period of time (2016-2020) [14,
17, 19, 25, 26].

The selected lines were used to create hyb-
rids of the first generation of sunflower used
in tests in various agroecological zones of
Ukraine.

During the testing of F, sunflower hybrids,
it was observed how environmental conditions
affect yield. Therefore, the adaptability of hy-
brids to different agro-climatic conditions was
assessed by the coefficient of ecological plas-
ticity (b)) and the indicator of reproduction of
this trait under different growing conditions
(52 [338, 34].

It was revealed that for SU-hybrids the most
comfortable growing conditions and obtaining
high yields were observed in Chernihiv (I, =
1.29) and Cherkasy (Shpolianskyi district) (I, =
1.00) regions. The least comfortable growing
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Table 1
Resistance to broomrape of lines maintainers of sterility

. Total number of plants, | Number of resistant plants
Lines Sample number
pcs. pcs. \ %
Lines resistant to imidazoline herbicides
11/15 20 20 100
BH320/°NK Neoma’ 11/103 20 20 100
11/104 20 20 100
BH039/°ES Artemis’ 11/162 17 17 100
. , 12/155 20 20 100
BH3978/"Dragan 12/156 20 20 100
Lines resistant to sulfonylurea herbicides
11/10 20 20 100
Ls8A/Lc1093B 11/12 20 20 100
11/117 20 20 100
- , 11/138 20 20 100
Zoria FN'/Lc1093B 11/166 19 19 100
12/124 20 20 100
A12/1c1093B 12/216 17 17 100
Standards
LG 50505 (St R) St1 20 20 100
LG 5665 (St S) St2 20 20 0
Table 2
Resistance to bloomrape in fertility restorer lines
. Total number | Number of unstable plants | Number of resistant plants
Lines Sample number
of plants, pcs. pcs. | % pes. | %
Lines resistant to sulfonylurea herbicides
101/1 20 0 0.0 20 100
101/2 15 15 100 0 0.0
o 101/3 13 13 100 0 0.0
ek 101/4 20 0 0.0 20 100
S 101/5 16 2 12.5 14 87.5
2 101/6 20 0 0.0 20 100
= 101/7 18 0 0.0 18 100
2 101/8 19 19 100 0 0.0
S 101/9 14 14 100 0 0.0
101/10 20 3 15.0 17 85.0
Total number 175 66 37.7 109 62.3
101/11 12 0 0.0 12 100
101/12 12 0 0.0 12 100
o 101/13 19 19 100 0 0.0
0 101/14 19 19 100 0 0.0
S 101/15 15 15 100 0 0.0
g 101/16 8 0 0.0 8 100
o 101/17 20 0 0.0 20 100
2 101/18 20 0 0.0 20 100
@ 101/19 21 19 90.5 2 9.5
101/20 15 15 100 0 0.0
Total number 161 87 54.0 74 46.0
~ 101/21 20 0 0.0 20 100
<A 101/22 13 2 15.4 11 84.6
Qv 101/23 18 5 27.8 13 72.2
T3 101/24 15 0 0.0 15 100
101/25 14 13 92.9 1 7.1
101/26 13 10 76.9 3 23.1
o 101/27 19 2 10.5 17 89.5
po et 101/28 13 0 0.0 13 100
25 101/29 19 5 26.3 14 73.7
@ 101/30 18 0 0.0 18 100
Total number 162 37 22.8 125 77.2
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Continue table 2

. Total number | Number of unstable plants | Number of resistant plants
Lines Sample number
of plants, pcs. pcs. \ % pcs. \ %
Lines resistant to imidazoline herbicides
2 (1/1 20 3 15.0 17 85.0
3 1/2 17 13 76.5 4 23.5
35 (1/3 20 0 0.0 20 100
19 l1/4 19 5 26.3 14 73.7
Standards
LG 50505 (St R) St1 20 0 0.0 20 100
LG 5665 (St S) St2 20 20 100.0 0 0.0
Table 3
Yield and adaptability of SU hybrids
Yield of hybrids, t/ha Adaptability
parameters
— =y
g 5 )
e o> = .5
Number s 5% s 2 B L L%
158 ¢ Bl 2|5 €3 2= w
- zE| & |zs 2| S 2 @ g8 z
s | ¢ 83 ¢ 85 s | 2 & g% £
£ | 2 |88 ¢ |25 E | 8| 2| g 8% B
o Y4 o = ~ [ ~ ~ (&) << (SR T) (%2
High plasticity
UA 2/205 1.49 | 0.56 | 3.67 | 3.34 | 3.18 | 2.58 | 1.72 | 4.53 | 2.63 | 1.26 | 13.43
UA 2/206 1.06 | 0.85 | 4.09 | 2.95 | 3.14 | 3.61 | 1.24 | 4.24 | 2.65 | 1.30 | 14.43
UA 2/186 1.38 | 0.99 | 4.05 | 3.19 | 2.70 | 2.87 | 1.61 | 4.41 | 2.65 | 1.20 | 12.15
UA 2/117 1.16 | 0.44 | 3.80 | 3.37 | 2.55 | 3.07 | 2.24 | 4.58 | 2.65 | 1.30 | 14.32
UA 2/235 2.03 | 1.15 | 4.56 | 2.69 | 2.22 | 2,50 | 1.32 | 4.79 | 2.66 | 1.18 | 12.21
UA 2/207 1.29 | 0.48 | 3.66 | 3.18 | 3.35 | 3.18 | 1.80 | 4.33 | 2.66 | 1.27 | 13.66
UA 2/136 1.50 | 0.63 | 4.11 | 3.85 | 2.75 | 2.81 | 1.82 | 4.08 | 2.69 | 1.24 | 13.11
UA 2/189 1.06 | 0.80 | 3.49 | 2.99 | 2.96 | 3.98 | 1.94 | 4.49 | 2.71 | 1.21 | 12.62
UA 2/162 1.22 | 0.86 | 4.29 | 3.13 | 2.39 | 3.27 | 2.10 | 4.52 | 2.72 | 1.25 | 13.27
UA 2/114 1.95 | 0.75 | 3.70 | 3.39 | 2.94 | 3.13 | 1.93 | 4.64 | 2.80 | 1.17 | 11.62
UA 2/204 1.02 | 0.60 | 3.74 | 3.73 | 3.41 | 3.07 | 2.14 | 4.80 | 2.81 | 1.38 | 16.12
Medium plasticity
UA 2/123 2.72 | 1.06 | 3.55 | 3.42 | 3.03 | 2.16 | 1.59 | 4.03 | 2.69 | 0.89 | 6.91
UA 2/192 2.05 | 1.23 | 3.59 | 2.88 | 2.77 | 2.86 | 1.73 | 4.10 | 2.65 | 0.91 | 6.97
UA 2/184 1.07 | 1.03 | 3.68 | 2.93 | 3.00 | 3.56 | 2.22 | 3.38 | 2.61 | 0.94 | 7.74
UA 2/109 1.86 | 0.86 | 3.48 | 3.94 | 2.81 | 2,59 | 2.16 | 3.62 | 2.67 | 0.94 | 7.67
UA 2/106 2.13 | 1.30 | 4.01 | 3.96 | 3.31 | 2.37 | 2.21 | 3.96 | 2.91 | 0.95 | 7.83
UA 2/131 1.97 | 0.67 | 3.15 | 3.75 | 2.99 | 2.15 | 2.16 | 3.94 | 2.60 | 0.97 | 8.08
UA 2/166 1.20 | 1.23 | 3.64 | 2.98 | 2.95 | 2.44 | 2.30 | 4.21 | 2.62 | 0.99 | 8.35
UA 2/143 1.84 | 0.96 | 3.64 | 3.44 | 2.67 | 2.74 | 1.81 | 3.95 | 2.63 | 1.00 | 8.45
UA 2/118 1.93 | 0.82 | 3.32 | 3.04 | 2.84 | 3.10 | 1.64 | 4.12 | 2.60 | 1.01 | 8.70
UA 2/170 1.71 | 0.94 | 3.70 | 3.28 | 3.18 | 2.89 | 1.76 | 3.76 | 2.65 | 1.01 | 8.67
UA 2/177 1.71 ] 0.95 | 3.99 | 2.64 | 3.23 | 2.66 | 1.98 | 3.98 | 2.64 | 1.01 | 8.78
UA 2/210 1.50 | 0.63 | 3.52 | 2.65 | 3.23 | 3.96 | 1.76 | 3.63 | 2.61 | 1.04 | 9.47
UA 2/130 1.50 | 0.84 | 3.45 | 3.54 | 2.94 | 1.98 | 2.25 | 4.29 | 2.60 | 1.06 | 9.71
UA 2/187 2.13 | 0.75 | 3.28 | 2.92 | 2.85 | 3.21 | 1.42 | 4.51 | 2.64 | 1.08 | 10.05
UA 2/209 1.82 | 0.60 | 3.35 | 2.90 | 2.96 | 3.52 | 1.75 | 4.40 | 2.66 | 1.12 | 10.76
UA 2/115 1.98 | 0.53 | 4.20 | 3.44 | 2.74 | 3.25 | 1.71 | 3.61 | 2.68 | 1.12 ] 10.79
Low plasticity
UA 2/110 3.30 | 0.94 | 3.13 | 3.25 | 1.90 | 3.41 | 1.38 | 3.68 | 2.62 | 0.72 | 5.01
Mean 1.6 0.9 3.5 3.1 2.8 2.7 1.8 3.8 2.5 1.0 | 8.8
Environment index (I.) -0.97|-1.69| 1.00 | 0.52 | 0.24 | 0.15 | -0.74| 1.29 - - -
LCDg o5 0.08 | 0.05 | 0.08 | 0.08 | 0.07 | 0.11 | 0.08 | 0.11 | 0.04 - -
c - - - - - - - - - 0.2 | 2.77
conditions were in Kharkiv (I, = —0.74), Ode- It was found that among hybrids resistant
sa (I, = —0.97) and Kherson (I, = —1.69) re- to sulfonylurea herbicides, 50.5% of hybrids
gions. have a high yield level (2.55-2.91 t/ha). It
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was established that among the SU hybrids,
the most productive hybrid is UA 2/106
(2.91 t/ha), since in terms of yield the hybrid
had an excess of 3.9% compared to standard

hybrids.
Among the hybrids with a yield in the
range of 2.55-2.91 +t/ha, the hybrid

RU 2/110 was less sensitive to growing con-
ditions with an average yield of 2.62 t/ha,
with an ecological plasticity coefficient b, =
0.72 and stability index S?=5.01. Medi-
um sensitive hybrids included: UA 2/130,
UA 2/131, UA 2/118, UA 2/184, UA 2/210,
UA 2/166, UA 2/143, UA 2/187, UA 2/177,
RU 2/192, RU 2/170, RU 2/209, RU 2/109,
RU 2/115, RU 2/123, RU 2/106 with a yield
of 2.60-2.69 t/ha and an ecological plasti-
city coefficient b, = 0.89—-1.12. The hybrids
with the maximum manifestation of traits
with the coefficient of ecological plasticity
b, = 1.17-1.832 were hybrids UA 2/114,
UA 2/235, UA 2/186, UA 2/189, UA 2/136,
UA 2/ 162, RU 2/205, RU 2/207, RU 2/117,

RU 2/206, RU 2/204 with a yield of 2.63—
2.81 t/ha (Table 3).

For IMI hybrids, the most favorable condi-
tions were noted in Cherkasy region (Shpo-
lianskyi district) (I, = 1.09), and unfavorable
conditions were observed in Kharkiv (I, =
—0.39), Odesa (I, = —0.07) and Kherson re-
gions (I, = —1.82).

The share of IMI hybrids with a yield in the
range of 2.55-2.91 t/ha, was 46.2% . Among
them with high plasticity (b, = 1.18-1.29) were
hybrids UA 1/92, UA 1/102, UA 1/94, UA
1/62, UA 1/76 with a yield of 2.61-2, 91 t/ha.
And the middle plasticity was noted in hybrids
UA 1/67, UA 1/66, UA 1/84, UA 1/23,
UA 1/61, UA 1/59, UA 1/60, UA 1/55,
UA 1/89, UA 1/101, RU 1/86, RU 1/87,
RU 1/83, RU 1/100 with a yield of 2.60—
2.76 t/ha (Table 4).

In addition, it was found that among the
IMI hybrids, three hybrids - UA 1/67,
UA 1/66, UA 1/84 with averaged in 8 loca-
tions of Ukraine yield indicators (2.76 t/ha)

Table 4
Yield and adaptability of IMI hybrids
Yield of hybrids, t/ha Adaptability
parameters
= o
Number s | 52 sg £ o 8 .5

Sl 5|82 ¢ |5l 2| & 2 2 2=

S| = |z & 25| 2 £ 2 o |83 3

b 2 | £ & | £ < € E e g8 =

£ 2 |25 ¢z |85 E| B | g g |88 B

o o4 O~ p4 (S s p4 p4 o <C o o wm

High plasticity
UA 1/92 1.84 | 0.81 | 4.23 | 3.73 | 2.75 | 3.21 | 2.11 | 4.58 | 2.91 | 1.21 | 7.45
UA 1/102 1.84 | 0.81 | 4.23 | 3.73 | 2.75 | 3.21 | 2.11 | 4.58 | 2.91 | 1.21 | 7.45
UA 1/94 1.68 | 0.40 | 4.16 | 3.31 | 2.51 | 3.42 | 2.39 | 3.90 | 2.72 | 1.18 | 7.57
UA 1/62 0.98 | 0.66 | 4.16 | 3.06 | 2.83 | 3.28 | 1.57 | 4.31 | 2.61 | 1.29 | 8.39
UA1/76 0.98 | 0.66 | 4.16 | 3.06 | 2.83 | 3.28 | 1.57 | 4.31 | 2.61 | 1.29 | 8.39
Medium plasticity

UA 1/67 2.53 | 0.60 | 3.31 | 3.89 | 2.53 | 2.89 | 2.21 | 4.13 | 2.76 | 0.97 | 5.35
UA 1/66 2.76 | 0.39 | 3.69 | 4.19 | 2.51 | 2.83 | 2.28 | 3.40 | 2.76 | 0.97 | 5.63
UA 1/84 1.18 | 0.96 | 4.05 | 3.11 | 2.91 | 2.75 | 3.24 | 3.85 | 2.76 | 1.01 | 5.66
UA 1/23 1.84 | 0.63 | 4.04 | 3.88 | 2.71 | 2.89 | 2.27 | 3.74 | 2.75 | 1.11 | 6.53
UA 1/61 1.46 | 0.81 | 3.73 | 3.50 | 3.44 | 3.06 | 2.06 | 3.74 | 2.72 | 1.06 | 6.17
UA 1/59 1.71 | 1.09 | 3.38 | 3.97 | 2.69 | 2.66 | 2.64 | 3.65 | 2.72 | 0.89 | 4.32
UA 1/60 1.41 | 0.59 | 3.43 | 3.87 | 2.85 | 3.43 | 2.49 | 3.72 | 2.72 | 1.11 | 6.90
UA 1/55 1.74 | 0.76 | 3.74 | 3.89 | 3.22 | 3.03 | 1.59 | 3.73 | 2.71 | 1.10 | 6.43
UA 1/89 2.03 | 1.15 | 4.56 | 2.69 | 2.22 | 2.50 | 1.32 | 4.79 | 2.66 | 1.07 | 5.58
UA 1/101 2.03 | 1.15 | 4.56 | 2.69 | 2.22 | 2.50 | 1.32 | 4.79 | 2.66 | 1.07 | 5.58
UA 1/86 1.71 | 0.95 | 3.99 | 2.64 | 3.23 | 2.66 | 1.98 | 3.98 | 2.64 | 0.96 | 4.89
UA 1/87 1.50 | 0.63 | 3.52 | 2.65 | 3.23 | 3.96 | 1.76 | 3.63 | 2.61 | 1.02 | 6.21
UA 1/83 1.34 | 0.40 | 3.33 | 3.35 | 2.62 | 3.18 | 2.49 | 4.13 | 2.60 | 1.13 | 7.15
UA 1/100 1.34 | 0.40 | 3.33 | 3.35 | 2.62 | 3.18 | 2.49 | 4.13 | 2.60 | 1.13 | 7.15
Mean 1.45 | 0.70 | 3.61 | 3.31 | 2.63 | 2.83 | 2.13 | 3.50 | 2.52 | 1.00 -

Environment index | -1.07 | -1.82 | 1.09 | 0.79 | 0.11 | 0.31 | -0.39 | 0.98 - - -
LCD45 0.07 | 0.05 | 0.09 | 0.09 | 0.06 | 0.09 | 0.07 | 0.12 | 0.03 - -
o - - - - - - - - - 0.17 -
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are at a yield level with the standard ‘NK
Neoma’. And the hybrids UA 1/92 and
UA 1/102 with an average yield of 2.91 t/ha
correspond to the yield level of ‘ES Genesis’
standard.

The study was carried out in the Department
of Genetic Engineering of Institute of Cell Biol-
ogy and Genetic Engineering of the National
Academy of Sciences of Ukraine in the frame-
work of scientific projects III-1-15 «Study of
physiological, biochemical and molecular bio-
logical features of the functioning and inherit-
ance of heterological genes in plant systems»
and III-1-20 «Targeted changes in the genome
and pleiotropic effects in genetically trans-
formed plant systems» during 2016-2020.

Conclusions

As a result of the accelerated system of ma-
ternal and paternal lines selection, material
resistant to herbicides and sunflower broom-
rape was selected; on its basis sunflower F,
hybrids were created.

As a result of ecological tests conducted in
Kyiv, Chernihiv, Cherkasy (Uman and Shpola
districts), Khmelnytskyi, Kharkiv, Kherson
and Odesa regions, the yield of the obtained
sunflower hybrids was studied. Based on the
findings, it was revealed that among hybrids
resistant to sulfonylurea herbicides, the high-
yielding hybrid was UA 2/106, which showed
a 3.9% increase in yield compared to ‘SY Su-
miko’ and ‘P64LE25’ standard hybrids.
Among hybrids resistant to imidazoline herbi-
cides, the yields at the level of the ‘NK Neo-
ma’ standard were hybrids UA 1/67, UA 1/66,
UA 1/84, with a yield of 2.76 t/ha. Yield at
the level of the hybrid standard ‘ES Genesis’
(2.91 t/ha) was for hybrids UA 1/92,
UA 1/102.

Thus, it was determined that with the use of
an accelerated system of source material selec-
tion, it is possible to create high-yielding sun-
flower hybrids in a short period of time (4 years).
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MeTa. Bu3HaunMTh eKonoriyHy nnacTuyHicTb Ta ypoxa-
HicTb ribpuais F, COHAWHMKA, CTBOPEHMX Ha OCHOBi MaTe-
PUHCbKUX Ta 6aTbKiBCbKUX NiHiM, Wo 6ynu BigibpaHi 3a npu-
CKOpeHolo cucTeMoro f060py NiHii, cTilikux fo rep6iungis
(imiga3oniHoBoi Ta cynbOHINCEYOBMHHOT rpyn) Ta BOBYKA
coHsawnukosoro (Orobanche cumana Wallr.). MeTtoau. Cra-
TUCTUYHUIA aHani3 ribpuais F, COHAWHMKA NpoBe/ieHo 3a fo-
noMoroto MeTofiB BapiauiiiHOi CTaTUCTUKK, perpeciiiHoro Ta
LMCNepCiHOro aHanisy 3a BUKOPUCTAHHA NaKeTy NpuKnaa-
Hux nporpam Microsoft Office Excel 2016. [lns npuckopeHoi
cuctemu fobopy NiHii BUKOPUCTOBYBANU MoneKkynsapHo-6io-
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NoriyHi, 6ioTexHonoriyxi Ta KNacuyHi MetToau cenekuii. Tak, 3
MeTOl0 LinecnpsmoBaHoro Bigbopy 3akpinntoBayis cTepub-
HOCTi COHAIHMKA HaMK GyN0 BUKOPUCTAHO MOJIEKYNAPHUIA
SCAR-mapkep HRGO1 ans igeHTudikauii reHy BigHOBNEHHS
deprtunbHocTi nuaky (Rf,). [Ins npuckopeHoro CTBOpeHHs
6aTbKiBCbKMX MiHii, CTiIKUX [0 TPUOEHYPOH-METUNY, HaMu
BUKOPUCTAHO KyNbTypy He3pinux 3apopkis. Pesynbrarw.
HaseneHo pesynbTatn TecTyBaHHs ribpuais F, coHawHnka y
KuiBcbkit, YepHiriBebkiii, Yepkacokiii (YMaHcbkuit Ta LWino-
NAHCbKMIA p-H), XMenbHULbKiNi, XapKiBCbKill, XepCOHCHKiN Ta
Opecbkint obnactax. [6puan cTBOpeHo Ha ocHoOBi Bigibpa-
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HUX NiHilA, 4O6Ip AKMX NPOBOAMAN 33 NPUCKOPEHO CUCTe-
Moto fobopy niHii, cTiikux go repbiumgis [imigazoniHosoi
(IMI-ri6puan) Ta cynbdoninceyosunHoi (SU-ribpuan) rpyn]
i 0 BOBYKA COHAWHMKOBOrO. CTaHAapTamMu, 3 sAKUMU NPOBO-
LAWY NOPiBHAHHA ribpuais, Buctynanu: ans IMI-ribpuais -

riopuan ‘NK Neoma’ (Syngenta) ta ‘ES Genesis’ (Euralis),
a gna SU-ribpuais — ‘SY Sumiko” (Syngenta) Ta ‘P64LE25
(Pioneer). B pesynbtati BcTaHoBAEHO, Wo cepep SU-ribpuais
UA 2/106 maB 6inbly Ha 3,9% ypoxaiiHicTb y nopiBHAHHI 3i
ctaHpapTamu (‘SY Sumiko’ 1a ‘P64LE25"). A pns IMI-ri6pupis
BCTaHoBNeHO, Wo ribpuamn UA 1/67, UA 1/66, UA 1/84 matoTb
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TaKy X BpoXaiiHicTb y 2,76 T/ra, wo it ctaHpapT ‘NK Neoma'.
IMI-ri6pugu UA 1/92, UA 1/102 maioTb TaKy X BPOXaiHicTb
y 2,91 1/ra, wo i ctaHpapt ‘ES Genesis’. BUCHOBKU. 3aBasku
NPUCKOPeHiit cuctemi fo6opy NiHii coHsAwWwHMKa byno Bifi6-
paHo BUXiAHWIi cenekuitHuin MaTepian, Ha oCHOBI ikoro Byno
cTopeHo ribpuam F . Ti6puan aHanisysanu 3a nokasHUKOM
ypoxKanHocTi. HaitypoxaiHiwmMmm cepes NpoOTECTOBAHUX
SU-ribpuais 6ys ribpug UA 2/106, cepen IMI-ribpupis —
UA 1/67, UA 1/66, UA 1/84, UA 1/92 1a UA 1/102.

Knwyosi cnosa: Helianthus annuus L.; 2i6pud; ypoxaii-
Hicmb; BUNPOBYBAHHS.
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