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Evaluation of sunflower breeding material for resistance to broomrape...

material to identify the most resistant forms and hybrids of sunflower. To achieve the goal, an experiment was
conducted in the period 2015-2023 in the LLP “Experimental Farm of Qilseed Crops”, in which the assessment of
sunflower breeding material for resistance to broomrape and herbicides was studied. As a result of the experiment,
sunflower lines were successfully created that are resistant to broomrape and herbicides, which helps to increase
productivity and reduce crop losses. The created sunflower lines were introduced into the breeding process in
order to develop highly productive interline sunflower hybrids, which became an important step in improving
the agriculture of Kazakhstan. These innovative hybrids, such as “Agribusiness 2050” and “Batyr”, have shown high
resistance to broomrape of races E-F, which significantly reduces crop losses and ensures reliable products. In
addition, herbicide-resistant hybrids have been developed, such as Baiterek S and Baikonur, which can effectively
control weeds and maintain crop cleanliness, which is important for increasing yields and reducing tillage costs.
These hybrids have been recommended for use in agriculture in Kazakhstan and can help improve sunflower
productivity. This study contributes to the expansion of scientific knowledge in the field of sunflower breeding and

pest control, which is a relevant area for improving agricultural practices and ensuring food security
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INTRODUCTION

Agriculture plays an important role in ensuring food se-
curity and meeting the needs of the population for raw
materials for industry. However, various factors stand in
the way of increasing yields and quality of agricultural
products,among which plant diseases and weeds occu-
py a special place. One of the major challenges for ag-
riculture is the problem of sunflower blight (Orobanche
cumana Wallr). This parasitic organism can cause sig-
nificant yield losses in sunflowers and can be a serious
limiting factor for sunflower production.

Prevention and control of sunflower blight are of
great importance for sustainable agricultural develop-
ment (Tajibayev et al, 2023). On the other hand, one of
the most urgent problems of agriculture is weed infes-
tation of cultivated crops. Yield losses caused by weeds
can reach 30% or even more, especially in some crops.
Herbicides are often used to combat this problem. How-
ever, previously used herbicides had environmental risks,
a wide range of effects and could be toxic to mammals.
In addition, they remained in the environment for a long
time. Plant breeding for herbicide resistance is becom-
ing an integral part of modern agriculture (Trotsenko
etal., 2020).A.Zatybekov et al. (2020) focused on genetic
studies aimed at identifying specific genes and molecu-
lar mechanisms responsible for resistance to broomrape
and herbicides. This helps to understand in more detail
the mechanisms of resistance and the possibilities of
editing them through genetic engineering. In turn, S. Liu
et al. (2020) studied the ecological context of the inter-
action between sunflower, broomrape and herbicides.
They studied which environmental factors facilitate or
limit the spread of broomrape and how these factors can
be used to control it without the use of herbicides.

In recent years, the demand among agricultural
producers for sunflower hybrids resistant to sulfony-
lurea and imidazoline group herbicides has increased.
These herbicides have a broader spectrum of action,
covering perennial, single and dicotyledonous weeds as
well as cereals. This is due to market needs, where high

Scientific Horizons, 2023, Vol. 26, No. 11

cultivation intensity of sunflower hybrids and reduced
crop care costs play an important role in reducing the
cost of final production (Pinar et al., 2021). Researchers
A. Babkenov et al. (2020) have also studied phytosani-
tary methods of controlling broomrape, such as biolog-
ical control by using natural enemies of broomrape or
the use of biological products that may be less harmful
to the environment.

To accelerate the breeding process, it is necessary
to conduct research under artificial climate conditions,
which allow a more accurate and rapid assessment of
the genetic characteristics of plants and their response
to various stresses. With this in mind, researchers
D. Kurylych and K. Makliak (2022) have begun work on
creating herbicide-resistant linear breeding material.
One such production system is the SUMO or Express
Sun system, which is a combination of a herbicide-re-
sistant sunflower hybrid and a herbicide with the active
ingredient tribenuron-methyl. The introduction of the
tribenuron-methyl resistance gene into the gene pool
of cultivated sunflower has led to the establishment of
two publicly available sources of this trait, known as
SURES-1 and SURES-2. Other researchers, A. Ryzhenko
et al. (2020), are exploring the possibility of using mod-
ern technologies, such as CRISPR-Cas9, to create genet-
ically modified sunflower varieties that are resistant to
broomrape and herbicides.

It should be noted that despite considerable re-
search in plant breeding and pest management, many
aspects remain completely unexplored. In particular,
the genetic basis of resistance, as the mechanisms of
plant resistance to Broomrape and herbicides are still
not fully understood. A detailed study of the genetic ba-
sis of resistance and molecular mechanisms of plant re-
sponse to stresses may lead to more effective breeding
methods, hence the relevance of the study. The aim of
the study is to comprehensively evaluate the breeding
material that has been generated over the years in or-
der to identify the most resistant forms and, using them




as a starting point, to establish a new plant collection
that will serve as a base for the development of resist-
ant sunflower hybrids.

MATERIALS AND METHODS

To study the evaluation of sunflower breeding material
for resistance to Broomrape (Orobanche cumana Wallr)
and herbicides in the period 2015-2023, an experiment
was conducted in the limited liability partnership (LLP)
“Experimental Farm of Oilseeds” The experiment was
carried out under artificial climate conditions, using the
following steps:

1. Collection and preparation of breeding material.
Sunflower breeding material was collected, including
different varieties and lines that had been grown for
several years.

2.Evaluation of resistance to Broomrape. Two meth-
ods were used to evaluate the resistance of sunflower
seeds to Broomrape. The first method involved visual
assessment of the root system of sunflower plants and
counting the number of Broomrape haustoria (nodules)
on affected plants (Fig. 1). The second method was based
on a more detailed evaluation of uninfected sunflower
seedlings under a binocular lens. These seedlings were
examined for the presence of brown necrotic spots at the
sites of dead Broomrape haustoria, and the elongation of
Broomrape seedlings was measured, as this contributed
to the depletion of nutrient reserves in the seeds of the
parasite and its subsequent die-off (Fig. 2). Race-differ-
entiator samples were used as controls to assess the ra-
cial composition of the parasite: variety Kruglik (race A)
and line LC-1093 (race F-Or,). The degree of infestation
was determined by multiplying the percentage of sus-
ceptible plants by the average number of nodules of the
parasitic plant and dividing this value by 100.

Figure 1. Visual assessment and counting of nodules
of Broomrape
Source: composed by authors

3. Development of resistant lines and hybrids. To cre-
ate sunflower lines resistant to Broomrape, self-pollinat-
ed lines were used, which were isolated from interspecific
varieties-populations,such as R-Y-60,as well as hybrids of
foreign selection, such as 11 - Berk, 9 - Nika, and others.
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These lines provided donors of resistance to Broomrape,
which were further used for crosses and creation of new
resistant forms. When working on the development of
lines resistant to herbicides of the sulfonylurea and imi-
dazoline groups, donors (testers) with genetic resistance
such as CB-c, CB-i, SUR 3, K 259 were also used. These
testers served as a starting point for crosses and creation
of new plants with resistance to these herbicides.

Figure 2. Estimation of stable numbers under binoculars
Source: composed by authors

4. Sowing and cultivation under artificial condi-
tions. Every year, between November and April, sowing
was carried out in a room with an artificially created
climate. A mixture of soil and sand in the proportion of
2:1 was used as substrate. A certain amount of seeds of
Broomrape was applied to the growing vessels, based on
the calculation of 200 mg for each kilogram of soil mix-
ture. A labelled sowing scheme was also created, and the
tested samples were sown together with control sam-
ples, which were susceptible to Broomrape (Fig. 3).

Figure 3. The growing box used to conduct the
assessment of sunflower resistance to Broomrape
Source: composed by authors

5. Herbicide treatment. Treatment was carried out
on plants in the development phase with 2-3 pairs of
true leaves. The recommended doses of herbicides were
used: 30 g/ha for herbicide from sulfonylurea group
(Express) and 1 litre/ha for herbicide from imidazolines
group (Eurolightning) (Fig. 4).
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Figure 4. Sunflower plants before herbicide treatment
Source: composed by authors

6. Selection of new parental forms. Based on the
results of resistance assessment and herbicide treat-
ment, the best plant samples were selected to create
new parental forms with the desired resistance char-
acteristics (Fig. 5).

Figure 5. [solation of plants in cross-breeding and
self-pollination operations
Source: composed by authors
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All these steps were improved and optimized in
accordance with the sunflower breeding methodology,
which allowed successfully achieving the objectives
and obtaining stable sunflower hybrids and lines that
contribute to improved agricultural productivity and
sustainability. The authors followed the standards of
the Convention on Biological Diversity (1992) and the
Convention on Trade in Endangered Species of Wild
Fauna and Flora (1979).

This research was carried out within the framework
of programme-targeted financing of the Ministry of
Agriculture of RK 2021-2023 (BR10765017 “Study and
provision of storage, replenishment, reproduction and
effective use of genetic resources of agricultural plants
to ensure breeding process”).

RESULTS

The material, including self-pollinated Broomrape lines
and self-pollinated (F1) progeny, was studied with seeds
from populations of the parasitic plant collected from
different growing regions such as Ukraine and Kazakh-
stan.To improve the selection of forms of sunflower be-
ing resistant to Broomrape, a comparative evaluation of
Broomrape populations represented by samples from
the above-mentioned countries was carried out. The re-
sponse of self-pollinated sunflower lines to infection
by the parasitic plant strongly depended on the seed
origin. For example, the sample of the variety ‘Kruglik’
(race A- 0Or1) was 100% affected by all types of Broom-
rape populations, while the line LC-1093, known to be
resistant to Or6 (race F), showed the lowest degree of
infestation when using seeds from the Krasnodar pop-
ulation - only 13.5% (Table 1).

Table 1. Response of sunflower lines to infection by different populations of Broomrape

Kazakhstan (East Kazakhstan region)

Ukraine (Zaporizhzhia)

Line, control Tested Reproduced Degree of Tested Reproduced Degree of
plants, pcs. plants, % infestation, % plants, pcs. plants, % infestation, %
BKU101 A 14 29.3 2.3 15 62.3 4.9
BKU101 A 27 26.0 2.1 22 58.7 4.7
LC-1093 15 25.8 1.2 14 26.3 2.1
Kruglik 21 100 423 19 100 44.6

Source: composed by authors

All subsequent experiments on the resistance of
breeding material to Broomrape were conducted on
populations of Broomrape collected from commercial
sunflower crops in Kharkiv, Zaporizhzhya and Donetsk
regions of Ukraine, provided by Ukrainian special-
ists. Between November 2015 and April 2016, 427

sunflower breeding numbers including maternal lines
and paternal forms (Rf) of different levels of back-
crossing and incucht were analysed for resistance to
Broomrape. As a result of screening, 20 accessions
with 100% resistance were identifled among the
tested accessions (Table 2).

Table 2. Results of analyses of sunflower breeding numbers (2015-2016)

Number of lines, pcs.  Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 1197 100 0 211
248 1806 61-78 28-42 23.2
112 896 39-45 11-19 143

Scientific Horizons, 2023, Vol. 26, No. 11
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Table 2, Continued

Number of lines, pcs.  Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

47 423 11-21 5-8 16.9
20 170 - 100 -
In total: 427 4492 - - -

Source: composed by authors

During the experiment, certain numbers of plants
from backcross progenies BC,-BC, and self-pollination
I, -1, -1, that showed particular resistance were iden-
tified. These numbers include 3626 (BC,), 3638 (BC,),
3641 (BC,), 4910, 4959, 4960, 4965, 4969 (1,), 3323 (),

4656,4963 (17,4614, 3889, 4043, 3473, 3504, 3936 (1%,
6727 (BC*), 8061 (BC,) and 8652 (l,). Resistant moulds
that reached 100% resistance level were transplanted
into special growing vessels for further cultivation and
seed production (Fig. 6).

Figure 6. Sunflower plants after transplanting for resistance to Broomrape

Source: composed by authors

During the flowering of fertile plants from back-
cross progenies, pollen was transferred to their sterile
counterparts to produce new progeny. As for all plants
of the fourth generation of Incucht (l,), forced self-pol-
lination was carried out on them. For 2016-2017, 331
self-pollinated sunflower lines that were grown in
breeding nurseries in the experimental field under nat-
ural conditions in 2016 were also evaluated (Table 3).
The aim of this evaluation was to confirm the presence
of the trait of absolute resistance to the plant-parasite
Broomrape (Orobanche cumana Wallr), in the progenies
obtained from backcrossing (BC) and self-pollination (I).

Nineteen accessions were selected that showed com-
plete resistance to Broomrape. Among them were 2
accessions from progeny of BC, (8757,8794) and 17 ac-
cessions from progeny obtained from self-pollination
I,-1,-1.. These samples were selected based on eval-
uations conducted during the autumn-spring period
of 2015-2016: I, - 8141, 8142, 1, - 8019, 8033, 8051,
8065, 8089, 8097, |, - 6259, 6747, 8379, 8434, 8533,
8545, 8606, 8641. Then transplanting of plants resist-
ant (100%) to Broomrape was carried out in order to
further work on crossing and obtaining progeny under
artificial climate conditions.

Table 3. Results of analyses of sunflower breeding numbers (2016-2017)

Number of lines, pcs. Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 960 100 0 114
214 1926 69-82 58-92 133
65 520 52-61 42-52 8.5
33 297 31-42 27-31 11.5
19 161 - 100 -
In total: 331 3864 - -

Source: composed by authors

Evaluation of 208 sunflower accessions that were
selected from self-pollinated progenies during summer
2017 was also carried out in 2017-2018 (Table 4). These
accessions were evaluated under artificial climatic

conditions and also included new promising numbers
from breeding nurseries. From the whole set, 8 resist-
ant accessions were identified and will be used for fur-
ther breeding work.
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Table 4. Results of analyses of sunflower breeding numbers (2017-2018)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 280 100 0 9.9
114 832 64-73 39-42 9.6
63 475 59-61 16-20 16.1
23 184 32-46 9-12 11.3
8 59 - 100 -
In total: 208 1830 - - -

Source: composed by authors

The studied sunflower accessions, totalling 187
numbers, were selected from different sources includ-
ing backcross progeny nurseries, pollen fertility restorer
lines, and initial breeding material (Table 5). These ac-
cessions were subjected to evaluation for resistance to

Broomrape, and 6 resistant forms were selected based
on the results. These selection samples, belonging to
generations BC, and |, represent new maternal and pa-
ternal forms that will be used in the development of
experimental sunflower hybrids.

Table 5. Results of analyses of sunflower breeding numbers (2018-2019)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 77 100 0 8.3
96 653 60-71 30-59 4.9
61 488 51-55 113
24 201 34-41 16.8
6 59 - 100 -
In total: 187 1401 - - -

Source: composed by authors

During the autumn-winter-spring period of 2019-
2020, 352 breeding numbers were evaluated (Table 6).
This work resulted in the isolation of 14 accessions
that showed resistance to Broomrape. These accessions
were transplanted to carry out crosses for subsequent
backcrossing and self-pollination. The use of vegetative
vessels over several years has improved the evaluation

of the breeding material under study under practical
conditions. This method eliminated the possibility of
mixing sunflower root shoots with nodules of Broom-
rape, which increased the accuracy of the evaluations.
As a result, 14 accessions were isolated that proved to
be resistant to Broomrape and will be used in further
breeding work.

Table 6. Results of analyses of sunflower breeding numbers (2019-2020)

Plants tested, pcs.

Number of lines, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 125 100 0 16.4
211 1582 53-67 29-32 18.3
78 656 40-42 17-22 16.8
49 460 11-26 9-11 11.7
14 119 100
In total: 352 2942 -

Source: composed by authors

In 2020-2021, 443 breeding numbers including 68
hybrid combinations were evaluated in the artificial cli-
mate room (Table 7).As a result of this evaluation, both
maternal and paternal forms with 100% resistance
to Broomrape were isolated. Based on the evaluation

results, the following hybrid combinations were in-
cluded in the breeding process: (R-SpasexCB 65),
(R-Spase x CB 31 Rf), (R-Spase x CB 268), (CB 8 x R-Berk),
(CB 55 xR-Nica), (R-Spase-90 xR-Berk), and the lines
R-Berk, R-Nica, SRS-82, SiR-99, CB-R, CB 8 and CB 55.

Table 7. Results of analyses of sunflower breeding numbers (2020-2021)

Number of lines, pcs. Plants tested, pcs.

% of susceptible plants

% of resistant plants Infestation degree, %

Control 470

100

0 14.2

249 2116

73-81

32-68 8.9

Scientific Horizons, 2023, Vol. 26, No. 11
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Table 7, Continued
Number of lines, pcs. Plants tested, pcs. % of susceptible plants % of resistant plants Infestation degree, %
103 814 52-61 14-41 11.3
78 647 40-46 16-21 10.8
13 86 - 100 -
In total: 443 4133 - - -

Source: composed by authors

During the autumn-winter-spring months of 2021-
2022, 350 breeding numbers were evaluated. This set
included 29 accessions that were pre-tested for seed

production under artificial climates, 62 sterility fixing
lines, 114 pollen fertility restoring lines and 145 new
progenies obtained from breeding nurseries (Table 8).

Table 8. Results of analyses of sunflower breeding numbers (2021-2022)

Number of lines, pcs. Plants tested, pcs. % of susceptible plants % of resistant plants Infestation degree, %

Control 360 100 0 11.3
91 719 68-71 32-50 8.7
58 464 52-63 29-42 10.3
33 264 21-29 17-19 11.8
168 1310 - 100 -
In total: 350 3117 - - -

Source: composed by authors

conditions. This approach made it possible to create new
homozygous lines that proved to be resistant to Broom-
rape within 2-3 years. A total of 33 breeding numbers
were obtained. In the winter of 2022-2023, 284 proge-
nies of self-pollinated lines were tested (Table 9).

To accelerate the breeding process in the creation of
maternal lines and their fertile analogues of male ste-
rility fixing lines, the method of sowing immature seeds
was applied to obtain two generations under artificial
climatic conditions and the third generation under field

Table 9. Results of analyses of sunflower breeding numbers (2022-2023)

% of resistant plants

Number of lines, pcs. Plants tested, pcs. % of susceptible plants Infestation degree, %

Control 336 100 0 11.2
64 512 63-69 32-41 8.3
41 324 49-51 29-34 6.7
29 242 28-33 23-28 14.8
150 1170 - 100 -
In total: 284 2584 - - -

Source: composed by authors

The main focus of the experiment was the evalua-
tion and multiplication of promising breeding material.
150 selection numbers were identified, and two genera-
tions were obtained, each including 42 accessions. These
accessions carry pollen fertility restoration (Rf) genes

and 2 maternal forms (CMS) in combination with sterility
fixers. To further study the Rf lines of the sixth and sev-
enth generation of the insecta (16-17) under natural field
conditions, 137 sunflower accessions were sown in the
infected stationary experimental plot in 2023 (Table 10).

Table 10. Evaluation of sunflower breeding material for herbicide resistance under artificial climate conditions

Years of Resistant to Express Resistant to Eurolightning

experiments Estimated Selected Prospective numbers Estimated  Selected Prospective numbers
(93 xR 15)
(92 xR 10)

) (45 xR 10) 689/1,723/1,725/3,

2016-2017 112 24 (123 x1410) 64 5 725/4.765/5
(123 xR 15)
(19 »x10) and other
: 609/2,612/2,633/2,650/1, SP 685/10,582/9, 683/2,
2017-2018 319 40 215,5P222,5P 228 and other >8 4 580/10
183/2,183/3,184/6,
2018-2019 354 25 38/11, 35/9,29/3, 34/5, 58/2, 272 22 185/5,185/8, 192/3

34/13 and other CB215, CB219 and other
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Table 10, Continued

Years of

Resistant to Express

Resistant to Eurolightning

experiments Estimated Selected Prospective numbers Estimated Selected Prospective numbers
SP 329, SP 287, CBK 629,
2019-2020 234 12 SP 341, SP 368, 6423/3, 136 4 CBK 712, CBK 763,
6428/1,6472/4 and other CBK 766
SS 252,SS 262, SS 340, SS
268L.SS 2691, SS 332, SiS CB 211/1, CB 214/3, CBK
2020-2021 184 115 4574315 43 (258 <Am 4), SIS 92 6 811, CBK 842, CBK 798,
46/2 and other CBK 781
6239/1,6239/5,6301/3, CBK 618, CBK 672, CBK
) 6307/5, 6401/1, 6415/3, SP 729, CBK 741,
2021-2022 347 224 347,5P 362, SP 388, SP 403 72 19 Bk 747,6902/3, 6907/1,
SP1459 and other 6913/5 and other
249/3. 250/1, 256/3. BKU 140 x (10 x Patra),
273/5,286/3, 347/2, [BKU B?gﬁ‘f&é 51(5);6"?}28)5/2
2022-2023 400 208 140 = (258 xAm 4)-2], BKU 108 49 2452, 0460, 1 9,

140 xAm1 SiS 44, SiS 45, SiS
44-1 and other

(80 xK5),K8 (80 xK 8),
CBK 729 B,CBK 731 B,
CBK 739 B and other

Source: composed by authors

Thus, as a result of experiments aimed at evalu-
ating breeding material for resistance to herbicides of
the sulfonylurea and imidazoline groups under artifi-
cial climate conditions, maternal and paternal forms
were isolated. These forms became the basis for the
creation of herbicide-resistant sunflower hybrids, such
as Baiterek S and Baikonur, as well as interlinear sun-
flower hybrids Agrobusiness 2050 and Batyr, resistant
to Broomrape of races E, F, which were entered in the
Register of Breeding Achievements of the Republic of
Kazakhstan in 2023.

DISCUSSION

Sunflower is a strategically important oilseed crop, and
the area under sunflower cultivation continues to ex-
pand every year. However, this also provokes the emer-
gence of new and more aggressive races of Orobanche
cumana Wallr., which is a parasite that is detrimental
to the normal growth and development of sunflowers
and can cause significant yield losses. The creation of
sunflower hybrids (F1) involves crossing parental com-
ponents that share several important characteristics,
including herbicide and Broomrape resistance. Given
that the creation of each of these components requires
long and careful work in the breeding process, modern
techniques and approaches are being used to acceler-
ate the creation of new breeding material.

In vitro culture technology reduces the time re-
quired to develop herbicide resistant lines, for example.
Pathogen resistance breeding usually involves testing
on artificial infection media, both in the field and in the
laboratory, to identify and isolate material with the de-
sired resistant characteristics. This allows for more effi-
cient selection and development of sunflower varieties
and hybrids that will be resistant to both diseases and
pests, as well as chemical defences (Kocira et al,, 2020).
Thus, modern sunflower breeding aims to develop
high-yielding varieties and hybrids that have not only
high yields but also improved seed characteristics such

Scientific Horizons, 2023, Vol. 26, No. 11

as oil content, 1000-seed weight, huskiness. In addi-
tion, resistance to diseases and pests as well as adap-
tation to various abiotic factors are important criteria
(Anastasi et al., 2002).

In this regard, in order to establish the main com-
ponents for hybrid combinations of sunflower D. Skori¢
et al. (2021) and E.O. Domaratskiy et al. (2018) paid at-
tention not only to the quality of the source material,
but also to its resistance to major diseases and pests.
One of the main parasitic plants affecting sunflower
is Broomrape (Orobanche cumana Wallr), which is an
obligate parasite and affects the root system of the
host plant. Studies by scientists such as W. Adugna and
M.T. Labushange (2002) and also D. Sisou et al. (2021)
highlight the constant dynamics in the formation of
new physiological races of the Broomrape, which rep-
resents a constant threat to sunflower. This evolution of
the parasite emphasizes the need for continuous moni-
toring of Broomrape populations and ongoing research
in this area, which also confirms the study carried out.
At the same time, I. Sperdouli et al. (2022) notes that
the specificity of resistance control to new, highly viru-
lent races of Broomrape is determined by genetic fac-
tors. Genetic methods are becoming the best tools for
Broomrape control. These methods allow identification
and labelling of genes responsible for resistance, which
contributes to more efficient breeding and develop-
ment of varieties and hybrids resistant to the parasite,
which is also confirmed by the study conducted.

A number of scientists, such as O. Kovalenko et al.
(2021) and Z. Flagella et al. (2002) have identified and
studied several key genes that are responsible for sun-
flower resistance to Broomrape. These genes were suc-
cessfully labelled, representing a significant scientific
breakthrough. This important step in breeding allows
for more accurate detection of the presence of resist-
ance in sunflower varieties and hybrids. Such markers
allow breeders to more effectively select and develop
varieties that are resistant to Broomrape. Thanks to the




developed gene labelling methods, breeding for re-
sistance to Broomrape has become more accurate and
accelerated. This opens up new perspectives for im-
proving existing breeding methods and creating new,
more progressive approaches to the development of
sunflower varieties that are highly resistant to this pest.

An equally significant aspect is the study of the re-
lationship between resistance to new virulent races of
the Broomrape and the valuable economic character-
istics of F1 hybrids, allowing the development of hy-
brids that combine two important aspects: resistance
to the parasite and high yield. Understanding which
hybrids have not only resistance to the Broomrape,
but also the ability to achieve high vyields, is key to
developing efficient sunflower varieties. These hybrids
not only help to reduce yield losses caused by Broom-
rape, but also increase overall productivity, which is
an important factor for the agricultural industry and
food security. Research in this area helps in identifying
the optimum combinations of genetic traits to devel-
op resistant and high yielding sunflower varieties and
hybrids (Casali et al., 2022).

In addition, the study conducted by P. Deepika and
D.M. Ali (2020) revealed that the application of bio-
logical defence methods such as the use of bacterial
inoculants has the potential to reduce sunflower in-
festation by Broomrape and increase yield. This study
emphasizes the importance of developing and imple-
menting biological pest and pathogen control methods
in agriculture. Bacterial inoculants can help improve
plant health and reduce infection levels, which in turn
can lead to higher sunflower yields and provide more
sustainable agricultural outcomes. These results also
emphasize the importance of integrating biological
defence methods into agricultural practices to improve
crop sustainability and productivity.

V. Giannini et al. (2022) state that with climate
change, including increasing temperatures, it is clear
that the intensity of sunflower infestation by Broom-
rape may increase. This encourages breeders to develop
varieties that are not only resistant to the parasite,
but also adapted to abiotic stresses caused by climatic
changes. J. Louarn et al. (2016) note that the use of
artificial climatic conditions allows for faster breed-
ing cycles. This means that breeders can more quickly
select and develop varieties that exhibit desired re-
sistance and other characteristics. This process also
allows evaluation of which herbicides are effective in
controlling the Broomrape and which sunflower varie-
ties are most responsive to certain chemical defences.
This is important for the development of recommen-
dations on the use of herbicides in agriculture, which
is also reflected in the study.

The results of the study are echoed in the scien-
tific works of S. Cvejic et al. (2020), who state that the
development of varieties with herbicide resistance
allows agricultural producers to manage weeds more
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effectively and reduce weed control costs. In addition,
sunflower varieties that are resistant to Broomrape
and herbicides can provide higher quality seeds and
oil, which is important for the food and oil and fats in-
dustry. Similar results were also obtained in a study by
TA. Howell et al. (2015), in which the authors state that
evaluation of sunflower breeding material for resist-
ance to Broomrape and herbicides has high practical
importance for agriculture. The results of the study con-
firm the importance of breeding in creating sunflower
varieties that can effectively cope with these damage
factors and provide a stable level of yield.

Thus, the results of this study confirm the impor-
tance of evaluating sunflower breeding material for re-
sistance to Broomrape and herbicides under artificial
climate conditions. This study has significant implica-
tions for agriculture and breeding as it contributes to
the development of new sunflower hybrids that have
high yields, resistance to diseases and pests, and can
reduce weed control costs. This is an important con-
tribution to food security and sustainable agricultural
development.

CONCLUSIONS

Sunflower breeding is an important tool for the modern
agricultural sector. It enables the development of va-
rieties that meet the diverse needs of the agricultural
industry, providing higher yields, resistance to diseases
and pests, adaptation to changing climatic conditions
and improved product quality. From 2015 to 2023, Oil-
seeds Experimental Farm LLP carried out successful
work to develop resistant sunflower lines with resist-
ance to the parasitic plant Orobanche cumana Wallr.and
herbicides of the sulfonylurea and imidazoline groups.
These lines represent valuable breeding material and
have potential for further use in sunflower breeding.
The created lines were integrated into the breeding
process in order to develop high-yielding interlinear
sunflower hybrids. This allowed the development of
new hybrids such as Agrobiznes 2050 and Batyr, which
are resistant to Broomrape races E and F, as well as
herbicide-resistant sunflower hybrids such as Baiterek
S and Baikonur. It is important to emphasize that these
outstanding hybrids have been included in the State
Register of Breeding Achievements and recommended
for use in agriculture in the Republic of Kazakhstan.
This is an important step in ensuring the sustainability
and increasing the productivity of sunflower.

The results of the experiment show that the study of
resistance of sunflower varieties to Broomrape and her-
bicides is an effective way to control pests and weeds.
It can help to increase yields and reduce yield losses.
The results of the experiment not only contribute to the
development of agriculture, but also have the poten-
tial for export and exchange of agricultural resources
with other countries, which contributes to the devel-
opment of the agricultural sector and strengthening
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the position of the Republic of Kazakhstan in the world
agri-food market. The practical significance of the study
is the possibility of identifying genotypes and varieties

prospect for further research in sunflower breeding for
resistance to Broomrape and herbicides, allowing more
accurate and rapid selection.

of sunflower, which have increased resistance to harm-

ful factors such as Broomrape and herbicides, which ACKNOWLEDGEMENTS
contributes to increased yields, and is of great impor- None.
tance for agricultural enterprises and food security.
Molecular studies, identification of specific genes and CONFLICT OF INTEREST
genetic markers responsible for these traits may be a None.
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AHotauisl. COHSLWHMK € BaXK/IMBOIO ONiAHOI KY/bTYpO0, TOMY 36inbLUEeHHS MOr0 BPOXaMHOCTI Ta CTIMKOCTi A0 XBOPOO
i WKiIOHMKIB MOXe NPMU3BECTM A0 3HAYHOrO EKOHOMIYHOMO MOKPALLEHHS A4 CiNlbCbKOrOCNoAapCbKMX NiANPUEMCTB i
KpaiHu B LinOMy. 3MiHM KNiMaTy Ta NOLWMpPEHHS HOBUX pac BoBYKa (Orobanche cumana Wallr) cTBoptoloTb CEpHO3HI
3arposv AN BMPOOHMUTBA COHALWHMKY, @ AOCHIMKEHHS B Ui ranysi fonomarailTb po3pobutn coptu, 34aTHI
afanTyBaTMCA A0 MiIHAMBUX YMOB. MeTa AOCNIAXKEHHS — KOMMNIEKCHA OLiHKa CenekuinHoro Matepiany Ans BUSBNEHHS
Hanbinbw CcTiMkmnx Gop™m i ribpuais COHAWHMKY. [Ng AOCATHEHHS METU NpoBeAeHO ekcnepuMeHT y nepiog 2015-
2023 pokis y TOB «[locnigHe rocnofapcTBo ONiMHUX KYNbTYp», Y IKOMY BUBYaM OLHKY CenekuiMHoro Martepiany
COHSILUHMKY Ha CTiMKiCTb A0 BOBYKA Ta repbiuunais. Y pesynbraTi eKCnepuMeHTY YCNilWHO CTBOPEHO NiHiT COHSLLHMKY,
SIKi MatoTb CTIMKICTb O BOBYKA Ta repbiLmaiB, WO CNPUSE NiABULLEHHIO NPOAYKTUBHOCTI T 3HUXEHHK BTPAT YpOXKato.
CTBOpEHI NiHii COHSAWHMKY OBynn BNpOBafXXeHi B CeNekuifMHMi npoLec 3 MeTol po3pobKM BMCOKOMPOAYKTUBHUX
MiXKNTIHIMHMX FiIOPUAIB COHSALWHMKY, LLLO CTaNI0 BAaX/IMBUM €TarNoM Y NoninLeHHi CinbCbKoro rocnogapctea Kasaxcrany.
LLi iHHOBaWiMHI ribpuam, Taki 9k «Agribusiness 2050» i «Batyr», nposBuan BUCOKY CTiMKiCTb A0 BOBYKA pac E-F, wo
iCTOTHO 3HWXKY€E BTPATU BPOXaAto i 3abe3neyye HafiliHy npoaykLuito. KpiM Toro, po3pobneHo repbilnaocTiiki riopuam,
sk-oT Baiterek S i Baikonur, gki patotb 3Mory edektMBHO 60poTucs 3 BypaHamu Ta 36epiratv YMCTOTY NOCIBIB, L0
BXK/IMBO 4151 36ibLUEHHSI BPOXKAMHOCTI Ta 3HUXKEHHS BUTPAT Ha 06pobiTok rpyHTY. LLi ribpuan 6ynmn pekoMeHA0BaHi
LN BUKOPUCTAHHA B CilbCbKOMY rocnoAapcTtsi KasaxcraHy i MOXYTb CNPUSTU NiOBULWEHHIO PiBHA NPOAYKTUBHOCTI
COHAWHKKY. [laHe AOCNiAXKEHHS CNPUSE PO3LUMPEHHIO HAYKOBMX 3HAHb Y ranysi cenekuii Ta 60poTbbu 3i WKifAHMKAMK
COHSAILUHUKY, WO € aKTyaJlbHUM HaMNpsSIMKOM A/s MOJIMNWeHHS CiNbCbKOroCMoAapCbKOi MPakTUKKM Ta 3abe3neyeHHs
npoAoBo/bYOi Hesneku

KntouoBi cnoBa: copr; CinbCbke rocnofapcTBo; eKCrnepuMeHTanbHi YMOBU; FreHETUYHI MapKepy
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