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PECULIARITIES OF THE SUNFLOWER BREEDING FOR RESISTANCE TO
BROOMRAPE (OROBANCHE CUMANA WALLR.)

Kurylych D.V., Makliak K.M.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

Since the beginning of the 20" century, the breeding for resistance to a parasitic plant, the
broomrape, has been among the mainstreams of the world sunflower breeding. This scientific
work has certain peculiarities due to biological features of the broomrape and its interactions with
the host plant. The scientists’ attention is focused on studying the genetic diversity and race
composition of parasite populations; identifying and marking sunflower genes of resistance to the
broomrape; evaluating effects of environmental conditions on the virulence of broomrape;
elucidating ‘the host plant-broomrape’ interactions; detecting broomrape lesions during early
stages of sunflower growth.
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Introduction. The sunflower is an agricultural crop that is very picky about growing
conditions’ its yield is significantly affected by current climatic changes [1, 2], pests, diseases,
weeds, and a parasitic plant, the broomrape (Orobanche cumana Wallr.). The latest progressive
crop care measures do not give the expected results in the case of imperfect seed material from
outdated hybrids. Therefore, the breeding of modern sunflower hybrids is aimed at combining
valuable economic characteristics with resistance to abiotic and biotic factors, in particular to the
broomrape [3].

Literature Review and Problem Articulation. The sunflower broomrape is a parasitic
plant with a growing distribution area. There are many measures to control the broomrape:
physical, chemical and biological methods, as well as certain requirements of cultivation
technologies [4]. If farmers use the Clearfield“Plus technology to control the broomrape, they
need imidazolinone herbicide-resistant hybrids [5, 6, 7]. However, the constant use of such
herbicides has negative consequences: aftereffects on subsequent crops in crop rotation,
ecological problems [8], herbicide resistance of target weeds [9]. The genetic resistance of
sunflowers to the broomrape remains one of the main ways of controlling the spread of the
parasite.

Currently, we are observing an aggravation of the broomrape problem due to an increase
in the sunflower cultivation area [10]. The breeding for resistance to the broomrape is continuous
because of the parasite evolution and emergence of more virulent races. The breeding constantly
gives results — broomrape-resistant hybrids. The parasite evolves and overcomes achievements of
breeders, who are forced to explore new levels of interactions between the parasite and the host
plant. The race formation, various manifestations of the interactions between the domestic plant
and the broomrape, complexity of genetic control of resistance to the latest virulent races - all
these phenomena determine the peculiarities of the breeding for resistance to the broomrape.

Purpose and Objectives. Our purpose was to find available information on the sunflower
breeding for resistance to the broomrape. To achieve this purpose, we solved following tasks: to
review publications covering the history and current state of research into the subject; find out the
specifics of such studies; and to highlight the main unresolved issues for the organization of
further work.

Materials and Methods. Publications of Ukrainian and foreign scientists became the
material for the study: articles in journals and conference abstracts.
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Results and Discussion. The broomrape family (Orobanchaceae) consists of highly
specialized parasitic angiosperm plants that switched to heterotrophic nutrition and metabolism,
using representatives of other plant groups, and lost their own photosynthesis apparatus. The
broomrape has no roots. Instead of them, there are specialized structures — haustoria, which
absorb water and nutrients from the roots of host plants [11].

Changes in the broomrape race composition. Experiments and breeding of sunflowers for
resistance to the broomrape were started in 1909-1913 by V.S. Pustovoyt in Krasnodar, Ye.M.
Plachek in Saratov and V.B. Yenken in Kharkiv. At that time, there was only one — the first —
broomrape race A. In 1912-1927, Kruglyk 7-15-163, Saratovskyi 169, Kruglyk 631, Kharkivska
Zelenka and Kruglyk A-41 were created; these varieties showed high resistance to the broomrape
(98-99%) [12]. Nevertheless, in 1925-1928, reports started coming from some southern regions
that the varieties, which were considered resistant to the parasite, were affected [13-18]. It was
concluded that another broomrape biotype, with higher virulence, had appeared. The new biotype
of the parasite was designated by the letter b (Cyrillic) and was called the "evil broomrape."

Later, it turned out that there were several races A and B.V.S. Pustovoit noted: "The
broomrape races B, depending on distribution areas, have different virulence, or more correctly,
the race composition of what is united by the concept of broomrape b, is not identical" [14].
Later, the same conclusion was drawn by well-known researchers 1.G. Beylin [19, 20], A.M.
Roshchyn [15] and L.A. Zhdanov [21, 22].

Features of resistant sunflower plants were also investigated. In particular, it was
established that resistance to the broomrape could be visually detected due to characteristic
thickening of roots, in the middle of which there were small dead broomrape shoots [23].

Before 1934, varieties that were resistant to broomrape race b were created: Zhdanovskyi
8281, Zhdanovskyi 6432, Veydelevskyi 61, Veydelevskyi 62, Armavirskyi 762, and Armavirskyi
768. Subsequently, breeders created varieties that were better in resistance to the broomrape, oil
content in seeds and other valuable economic characteristics. The yields of broomrape-resistant
varieties upon strong contamination of the soil with race b seeds was 2- —5-fold compared to the
yields of susceptible varieties [24].

In 1963, all race b-resistant varieties at Kaushany plots in Moldova were found to be
affected by the broomrape [25]. In 1964-1966, a similar situation occurred in southwestern
Romania [26]. This indicated the emergence of a new "Moldavian" virulent race of the
broomrape [27]. To obtain new breeding material, which was supposed to be resistant to more
aggressive broomrape races, G.V. Pustovoyt used interspecies hybridization. The obtained
accessions had group immunity to such diseases and pests as downy mildew, broomrape, rust,
Verticillium wilt and leaf mottle, leaf curling plum aphid, and sunflower moth [28-30]. In the
late 1980s at the All-Union Scientific-Research Institute of Oil Crops, V.V. Tolmachyov
analyzed the broomrape race composition [31] and concluded about the predominance of the
Moldavian biotype, which was denoted by the Latin letter S. In Romania, as of 1980, A.V.
Vranceanu et al. discovered and identified five broomrape races (A—E), resistance to which was
determined by five dominant resistance genes (Or;—Ors) [32]. As race F was discovered in Spain,
resistant genotypes with the Or6 gene, two recessive genes (or6 and or7) [33] or two partly
dominant genes [34] were found. The new broomrape biotypes, which affected race F-resistant
sunflowers, were designated as G and H [35]. In Spain, as early as the 1990s, resistant hybrids
were affected by races D, E, and F, and in 2005, a new and more virulent race G appeared [36,
37].

During the last 20 years, the emergence of new broomrape races was observed in
countries where this oil crop is grown in violated crop rotations. In Ukraine, highly virulent races
were found in Odeska, Zaporizhska, Kharkivska, Donetska, and Dnipropetrovska Oblasts [38—
40].

Having evaluated the broomrape occurrence challenge at the global level, Kaya Y. stated
that in addition to the search for resistance genes, changes in the anatomy of broomrape-affected
sunflower plants, their biochemical parameters as well as aspects of the parasite biology, such as
reproductive systems and genetics of virulence, should be investigated [41].
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Dr. Skorié et al. studied the dynamics of broomrape populations, focusing attention on
certain dilemmas regarding the nomenclature of new races [42]. In 2014-2017, about 400
genotypes with different resistance to the broomrape were tested in 10 locations, and only one
resistant genotype was selected. In different regions, new broomrape populations that could not
be controlled by genes of resistance to race H were detected.

In 2018, F.I. Gorbachenko et al. assessed the possibility of deriving new sunflower
genotypes that would be resistant to new broomrape populations [43]. Genetic resistance to races
A, b, C, D, E, and F was proven, and the lack of absolute certainty regarding resistance to new
races G and H was emphasized. In 2014, Kaya Y. announced a two-fold acceleration of the
appearance of new races [38].

In China, the broomrape was detected for the first time by a farmer in Heilongjiang (a
province in northeast China) in 1959 [44]. The first report on the identification of broomrape
races dates back to 1996 [45]. B.C. Dong, H.L. Sha used five sunflower lines — differentiators of
broomrape races, which had been delivered from Spain to identify the race composition of
broomrape specimens collected in three locations of Jilin (a province in northeastern China).
Race A was identified in three specimens. In 2015, D.N. Ma, X.Z. Wan used the same lines -
differentiators to determine the race composition of broomrape populations that were collected
from different regions of China [46]. Races B, D, and F were identified in Inner Mongolia
(northern China); races E and F — in Xinjiang (northwest China); A, B, E, and F — in Gansu (a
province in the North of Central China); A, C, D, and E — in Jilin; A and E — in Heilongjiang. In
2019, Lu et al. used lines — differentiators from Romania and determined the race composition of
broomrape populations collected in ten locations Xinjiang and Inner Mongolia [47]. Races D, E,
F, and G were identified in the collected broomrape specimens. The discovery of two broomrape
accessions that overcame the differentiator resistance to race G became the most impressive
result. It should be noted that Inner Mongolia is the largest producer of the sunflower in China,
with a total area sown with sunflower of about 400,000 hectares, which is 40.2% of the total area
of this crop in China [48]. In 2020, B. Shi, J. Zhao highlighted progress in studies of the
broomrape in China [49].

S. Clapco focused her research on evaluating the virulence and aggressiveness of different
populations of the broomrape from countries such as China, Turkey, Bulgaria, Serbia, Spain,
Ukraine, Romania, and Moldova [50]. The virulence of broomrape populations was evaluated in
lines and commercial hybrids — differentiators of broomrape races with different resistance genes,
including one genotype susceptible to all races, and four resistant genotypes (LC1003 A, resistant
to race E (Romania); LCI1093A, resistant to race F (Romania); H,E, resistant to race G
(Romania); and H,Lg, resistant to race H (Limagrain)). Populations were from Turkey, Romania,
and Ukraine, one population from China (Inner Mongolia) and two populations from Moldova
turned out to be the most virulent ones, affecting all sunflower genotypes, except for hybrid
Hng

Therefore, studies of scientists from different countries regarding the evolvement of new
physiological races of the broomrape demonstrate the annually growing threat from the parasite,
the need for routine monitoring of broomrape populations and further investigations in this
direction.

Genetic studies. Marking resistance genes of domestic plants and determining the
molecular polymorphism of both host and parasitic plants are important problems of genetics,
solving of which is aimed at the improvement of sunflowers in terms of resistance to the
broomrape. By now, several genes responsible for resistance to the broomrape have been
identified, and methods of their marking have been developed [51-53].

Studies in the genetics of resistance to O. cumana are limited by few relevant molecular
markers. R. Pineda-Martos et al. developed a set of 79 SSR markers [54] that detect reproducible,
high-quality amplicons that were polymorphic among 18 O. Cumana populations. In molecular
studies, linkage analysis with a molecular marker is used to localize resistance genes. Molecular
genetic maps of linkage groups with the Or7 resistance gene to race G were constructed [55, 56].
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Genetic studies of the broomrape are mainly focused on the structure and genetic diversity
of the parasite populations [57-63]. There were assumptions about evolutionary mechanisms of
race formation, for example, mutation of one gene in local populations [58], genetic
recombination of avirulence genes [59]. In particular, R. Pineda-Martos et al. [58] studied the
genetic diversity of 50 broomrape populations from different regions of Spain, using 15
microsatellite markers, and revealed two remote gene pools of the parasite, within which the
population variability was very low; on this basis, the conclusion about the emergence of new
races as a result of mutations from the same genetic background was drawn.

Genetic linkage maps are important for studying the structure and organization of plant
genomes. They are valuable resources in studies of parasitic plants to locate genes that control
traits such as avirulence or host specificity. The objective of A. Calderén-Gonzalez et al. [64] was
to construct genetic linkage maps using SSR and SNP markers and to map the Pg locus, which is
involved in the pigmentation of broomrape plants. M.I. Rodriguez-Ojeda et al. used broomrape
hybrids from crossing EK-A1 and EK-12 lines [65]. Line EK-A1 lacks pigments, resulting in
yellow stems and white corollas, while line EK-12 has wild-type pigmentation, with bluish-violet
stems and blue or pale-violet corollas. It was established that the pigmentation was partially
controlled by dominant alleles at the Pg locus. SNP markers were used for genotyping broomrape
lines EK-A1, EK-12, OS-94, EK-23, and SP [66, 67].

In 2020, Duca M. et al. analyzed the genetic diversity of the broomrape, using ISSR
markers [68]. They used a collection consisting of 39 broomrape populations, seeds of which
were harvested from three different geographical regions of the Republic of Moldova. These
populations belong to different races and show remarkable genetic diversity [69, 70]. Fourteen
ISSR primers were used, including those reported by Benharat et al. [71]. The study of the
genetic polymorphism in broomrape populations allowed grouping them into different clusters
according to geographical origins (south, north, center of the Republic of Moldova). In most
cases, there was a clear distribution trend according to the geographical regions. This result is
consistent with other scientists findings’ [72, 73] based on other molecular markers.

Thus, the genes for resistance to the broomrape have been identified and methods of their
marking have been developed; this ensures success in improving existing and developing new
progressive approaches in the breeding for resistance to the broomrape. The issues of using
inheritance patterns of sunflower resistance to new, virulent, common in Ukraine, broomrape
races in the F; generation, which is important for the creation of commercial hybrids, have not
been covered in the literature. Relationships between resistance to new, virulent, widespread in
Ukraine races of the broomrape and valuable economic traits in F; hybrids also should be studies.

Influence of environmental conditions on the broomrape virulence. M. Duca et al.
described the effects of environmental conditions on the virulence and spread of the broomrape in
the Republic of Moldova [74]. The scientists collected 40 broomrape populations from different
regions of the country, concurrently sampling soil and indicating the geographic coordinates of
the sampling point. The daily temperatures at the soil surface and air humidity from May to July
were analyzed. The broomrape populations collected in the central part of Moldova were less
virulent and mainly belonged to race E or less virulent races (about 65% of the populations). At
the same time, the populations from southern and northern regions were characterized by
increased virulence; more than 60% of the populations were identified as races G and H [69].
More intensive broomrape-induced damage in the southern and central parts of the Republic of
Moldova may be due to increased temperature in these regions compared to the northern parts.

For another representatives of the Orobanchaceae family (Phelipanche sp.), it was
established that its spread on tobacco (Nicotiana tabacum L.) plants was facilitated by high
content of humus and pH from weakly acidic to neutral, but high concentrations of potassium
negatively affected Phelipanche sp. Spread [75].

Aggressiveness of broomrapes significantly depends on weather and climate [76, 77];
therefore, an increase in temperature and lack of precipitation may lead to their spread over large
areas [78, 79, 80]. Taking into account the recent climatic changes, specifically temperature rise
and consequences of this global process, one can predict an increase in the intensity of damage by
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the parasite, which prompts breeders to combine resistance to adverse abiotic factors and
resistance to the broomrape.

Mechanisms of resistance to the broomrape. Resistant hybrid growing is the most
effective method of fighting against the broomrape. In most cases, genetic resistance to the
broomrape is vertical and controlled by the main dominant Or genes [81]. L. Velasco et al.
reported in detail that resistance to race G, which had been transferred to domestic sunflowers
from the wild species Helianthus debilis subsp. tardiforus, was determined by the single
dominant Orpey, gene [82]. At the same time, there are studies showing that resistance to race G
was determined by one recessive gene [83, 84].

M. Fernandez Aparicio et al. provided genetic and physiological characteristics of
resistance to highly virulent broomrape races, which is determined by the Orpey, gene [85]. In
their experiment, they used line DEB2, which carries the resistance gene (Orper2). The main
Orper2 gene determines a new physiological response in sunflower that blocks broomrapes. This
gene confers resistance to race G from Turkey, Spain, and Eastern Europe [86].

To develop long-term protection strategies, it is important to understand the genetic
principles of host-parasite interactions. Biological features of the parasite require pre-cultivation
at certain temperatures and humidity as well as stimulation with nutrients from sunflower roots
for the germination of broomrape seeds [87].

F.L. He et al. harvested root exudates from sunflower seedling grown by hydroponic
method to analyze and identify root exudate components [88]. They revealed that some
chemicals, in particular dehydrochloride, could cause the germination of broomrape seeds. When
the dehydrochloride concentration around the rhizosphere of the host plant roots reached a certain
level and the environmental conditions, such as temperature and soil moisture, were suitable,
broomrape seeds germinated during all stages of sunflower growth.

Molecular mechanisms of the ‘broomrape—domestic plant’ interactions were described by
Y. Zhang [89]. Plants were found to be able to alter related physiological and biochemical
metabolic pathways and regulate gene expression during broomrape-induced stress.

Therefore, the studies demonstrated the specificity of control of resistance to the
broomrape, which is conferred by genetic factors. This confirms that genetic methods are the best
ones to fight against the broomrape.

Methods of evaluation for resistance to the broomrape. Breeders constantly improve
methods for assessing resistance. Scientists strive to adapt the phytotron test [90] to modern
equipment, developing certain methodological subtleties [91]. In addition, new methods of
evaluation are developed: histological [92] and molecular genetic [93] assessments.

In their experiments, Ortiz-Bustos C.M. et al. investigated blue-green fluorescence
(BGF) of sunflower leaves for early detection of broomrape lesions [94]. They analyzed leaf
fluorescence readings during early growth phases of healthy plants to determine appropriate areas
and times for BGF imaging, to evaluate the use of BGF imaging as an indicator of broomrape
infestation during initial subterranean development of the parasite, to compare BGF information
with leaf pigment concentrations, and to asses the impact of subterranean broomrape infestation
during the early stages of sunflower growth. They proved that, using BGF, it was possible not
only to detect the beginning of broomrape-induced stress to domestic plants, but also to monitor
its development over time, which will ensure rapid phenotyping of sunflower lines.

A. Le Ru et al. worked on image analysis for automatic phenotyping of broomrape
nodules on sunflower roots [95]. Sunflower seedlings that had been inoculated with the
broomrape were grown in a rhizotron consisting of a transparent plexiglass box with a layer of
rock wool and fiberglass paper wetted with nutrient solution. Resistance of seedlings can be
characterized at the stage of attachment of broomrape sprouts (compatible/incompatible) and at
the stage of nodule formation of the parasite (quantification of the nodule number and necrosis)
[96, 97]. The monitoring device was named RhizOSun. It will facilitate further research into the
influence of various physicochemical parameters of the ‘sunflower—broomrape’ interactions in
the early stages.
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Sunflower plants with various resistances to the broomrape have different activity of
enzymes such as oxyreductase, polyphenol oxidase, peroxidase, catalase. Enzymatic activities
characterize resistance to this parasite regardless of race. Enzymatic activities in different parts of
the sunflower plant (leaves and roots) and in genotypes differing in resistance were studied [98-
101]. Genotypic differences in enzymatic activities were observed.

This direction of research remains imperfect because there is no convenient, rapid and simple
method of breeding evaluation of sunflower accessions for resistance to the broomrape.

Conclusions. The sunflower broomrape is one of the main biotic factors that harm the
crop fileds. The peculiarity of the breeding for resistance is associated with continuous formation
of new races of the parasite. Studies by scientists from different countries on the formation of
new physiological races of the broomrape indicate the annually growing threat from the parasite,
the need for constant monitoring of broomrape populations and the continuous development of
research in this direction. Several genes of resistance to the broomrape have been identified;
methods of their marking have been developed; this ensures success in improving the existing
and developing new progressive approaches in the sunflower breeding for resistance to the
parasite.

The specificity of control of resistance to the broomrape, which is determined by genetic
factors, was established. This confirms that genetic methods are the best ones to fight against the
broomrape. However, inheritance patterns of resistance to new, virulent, widespread in Ukraine
broomrape races are not described in the literature, though it is important for the creation of
commercial hybrids.

The relationships between resistance to new virulent broomrape races, which are common
in Ukraine, and valuable economic characteristics in F; hybrids should be also studied. Taking
into account the recent climatic changes, in particular a rise in air temperatures and consequences
of this global process, one can predict an increase in the intensity of damage to sunflowers by the
parasite, which prompts breeders of the crop to combine resistance to adverse abiotic factors and
resistance to the broomrape.
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PECULIARITIES OF THE SUNFLOWER BREEDING FOR RESISTANCE TO
BROOMRAPE (OROBANCHE CUMANA WALLR.)

Kurylych D.V., Makliak K.M.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

Purpose and Objectives. Our purpose was to find available information on the sunflower
breeding for resistance to the broomrape. To achieve this purpose, we solved following tasks:
to review publications covering the history and current state of research into the subject; find
out the specifics of such studies; and to highlight the main unresolved issues for the
organization of further work.

Materials and Methods. Publications of Ukrainian and foreign scientists became the material for
the study: articles in journals and conference abstracts.

Results and Discussion. In the article, publications covering domestic and foreign studies of the
peculiarities of sunflower breeding for resistance to the parasitic plant Orobanche cumana
Wallr. are collected and reviewed. The changes in the race composition of the parasite since
the beginning of the 19™ century, which have accelerated in recent years, are described.
Experiments and breeding for resistance to the broomrape began in 1909-1913, when there
was only one (the first) broomrape race A. Currently, the existence of the seventh race (G) and
the broomrape biotypes affecting race G-resistant sunflower accessions has been recognized in
the world. During the last 20 years, the appearance of new broomrape races was observed in
the countries where sunflowers are grown with violations of crop rotation requirements.
Marking resistance genes of domestic plants and determining the molecular polymorphism of
both host and parasitic plants are important problems of genetics, solving of which is aimed at
the improvement of sunflowers in terms of resistance to the broomrape. The identification of
genes of resistance to the broomrape and the development of methods for their marking are
discussed. Studies in the genetics of resistance to O. cumana are limited by few relevant
molecular markers. Scientists announced that they had onstructed a molecular genetic map of
linkage groups with the Or7 gene of resistance to race G. Genetic studies of the broomrape as
a plant are mainly focused on the structure and genetic diversity of parasite populations. The
broomrape aggressiveness depends on weather and climate, so an increase in temperatures and
lack of precipitation can lead to the broomrape spread over large areas. Scientists adapt the
phytotron test for resistance to the broomrape to modern equipment, developing certain
methodological subtleties. In addition, new methods of evaluation are developed: histological
and molecular genetic assessments

Conclusions. The sunflower broomrape is one of the main biotic factors that harm the crop
fields. The peculiarity of the breeding for resistance is associated with continuous formation of
new races of the parasite. Studies by scientists from different countries on the formation of
new physiological races of the broomrape indicate the annually growing threat from the
parasite, the need for constant monitoring of broomrape populations and the continuous
development of research in this direction. Several genes of resistance to the broomrape have
been identified; methods of their marking have been developed; this ensures success in
improving the existing and developing new progressive approaches in the sunflower breeding
for resistance to the parasite. The specificity of control of resistance to the broomrape, which
is determined by genetic factors, was established. Thus, genetic methods are the best ones to
fight against the broomrape. However, inheritance patterns of resistance to new, virulent,
widespread in Ukraine broomrape races are not described in the literature, though it is
important for the creation of commercial hybrids. The relationships between resistance to new
virulent broomrape races, which are common in Ukraine, and valuable economic
characteristics in F; hybrids should be also studied. Taking into account the recent climatic
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changes, in particular a rise in air temperatures and consequences of this global process, one
can predict an increase in the intensity of damage to sunflowers by the parasite, which prompts
breeders of the crop to combine resistance to adverse abiotic factors and resistance to the
broomrape.

Key words: sunflower, breeding, resistance, broomrape, virulence, races, genes

OCOBJIUBOCTI CEJIEKIII COHAIIHHUKY HA CTIHKICTB /10 BOBYKA
(OROBANCHE CUMANA WALLR.)

Kypunnu /1.B., Maxisak K.M.
Inctutyr pocnunnunTsa iMeni B.S. FOp'ea HAAH, Ykpaina

Mera i 3agaui gociaigkeHb. MeToro AOCTIKEHb CTaB MOMIYK BiAKpUTOI iH(opMarii oo
CEJIeKIIll COHAIIHUKY Ha CTIMKICTh A0 BOBYKA. JIJis NOCATHEHHS METH BHPINIYBAIH 3a7adi:
pO3rIsiHyTH MyOmiKaiii, B SKUX BHUCBITIEHO ICTOPiII0 Ta Cy4acHWH CTaH JOCITIHKCHb 3a
TEMaTHKOI0; 3’4ACyBaTH OCOOJIMBOCTI JAHOTO HAmpsAMy JIOCTIKEHb, BUAUIMTH OCHOBHI
HEBUPIIICH] TUTAHHS JJIs OpraHizaiii moaaisuoi podoTu.

Marepiann Ta Metoau. MarepiaioM s JIOCHIDKEHb cTamu MmyOmikamii ykpaiHChKHX U
1HO3eMHHUX HAyKOBIIIB: CTATTi B HAYKOBHX BUJIAHHSIX 1 T€3U KOH(PEPEHITIH.

OOroBopeHHs pe3yabTaTiB. Y cTarTi 3i0paHo 1 MpoaHai30BaHO JITEpaTypHi DKepena, B SKUX
BITUM3HAHI Ta 3apyOiKHI HAYKOBII BHCBITJIMJIM CBOi JOCIHIIKEHHS CTOCOBHO OCOOIHMBOCTEH
CeNeKIil COHAITHUKY Ha CTIMKICTh 10 POCIMHU-TIapa3uTa — BoBuka Orobanche cumana Wallr.
BusiBneHo 3MiHY pacoBOro ckKjiaay mapasuTa HO4YMHaouM 3 mouyaTky XIX cromirrts, ska
MPUINBUIIIMIACS OCTaHHIMU pokamu. Jlocmigum Ta CeNeKIlilo Ha CTIHKICTh /10 BOBYKA
posnouaro B 1909-1913 pp., konu icHyBana €auMHa — mepiua — paca BoBYKa A. 3apa3 y CBITI
BHU3HAHO HAasBHICTH ChOMOI pacu G 1 OIOTHIIIB BOBYKA, L0 YPaKYIOTh 3pa3KU COHSIIHHKY,
criiiki 70 pacu G. IIpotsirom octanHiXx 20 pOKiB MOSIBY HOBUX pac BOBYKA CIIOCTEpIraju B
KpaiHax, JIe COHSIIHUK BUPOILYIOTH 3 MOPYLUICHHAM CiBO3MiHM. MapKyBaHHS I'€HIB CTIMKOCTI
KYJIBTYPHOI POCIIMHYU ¥ BU3HAYEHHS MOJICKYJISIPHOTO MOJIIMOPQi3My K POCIMHU-Xa3siHa, TaK 1
Mapa3UTUYHOT POCIUHH € BaXKJIMBOIO MPOOJIEMOIO T€HETUKU Ta CIPSMOBAHO HA IOJIMIIEHHS
COHSIIIHUKY 32 CTIHKICTIO 10 BOBYKa. PO3risHyTO imeHTH(DiIKaLliI0 TeHIB CTIHKOCTI A0 BOBUKA,
pO3po0JIeHHS METOJIB X MapKyBaHHS. PO3BHTOK HOCHIKEHb 3 TEHETHKH CTIHKOCTI [0
O. cumana ctpuMye OOMEXKEHICTh BIIMOBITHUX MOJIEKYJISIPHUX MapkepiB. HaykoBisgmu
3asBJICHO PO CKJIAZICHHS MOJICKYISIPHO-TEHETUYHOT KapTH TPYH 34YEIJICHHS 3 TEHOM CTIMKOCTI
Or; no pacu G.I'eHeTHuH1 TOCTIKEHHS BOBYKA SIK POCIMHH T'OJOBHUM YHHOM 30CEPEHKEHO
Ha CTPYKTYp1 NOMyJALIN Mapa3uTa, BU3HAUYCHHI X TEHETHYHOTO PI3HOMAHITTS. ATPEeCUBHICTh
BOBUKA 3aJIe)KHUTh Bil MOTOJHO-KIIMATHYHUX YMOB, OTXKE IIIBUINEHHS TEeMIEpaTypu Ta
BIJICYTHICTb OIaJiB MOK€ MPU3BECTHU JI0 TIOIIMPEHHS BOBUKA HA BENHUKI TepuTopii. MeToauky
BUIIPOOYBaHHS CTIMKOCTI COHSIIHUKY B YMOBax (DITOTPOHY HAYKOBIII HMPUCTOCOBYIOTH ITiJ
cydacHe oOJaTHaHHSA, PO3BUBAIOTH OKPEMi METOIMYHI TOHKOI, a TaKOX PO3pOOJISIOTH HOBI
METO/IH OI[IHIOBAHHS: TICTOJIOTIUHI, MOJIEKYJISIPHO-T€HETHYHI.

BucHoBkH. BOBUOK COHAIIHUKOBHI € OOHHUM 3 TOJOBHHX OIOTHYHMX YMHHHUKIB, IO IIKOIUTH
nociBaM KynbTypu. OcoONMBICTH CeNeKIlii Ha CTIHKICTh MOB’A3aHa 3 MOCTIMHUM IPOIIECOM
YTBOPEHHSI HOBUX pac mapasurta. J{oCHPKEHHS HAYKOBIIB PI3HMX KpaiH ILIOJ0 YTBOPEHHS
HOBHX (i3I0JIOTIYHUX pac BOBYKA JEMOHCTPYIOTH IOPIYHO 3POCTAIOUy 3arpo3y 3 OOKy
napasuTa, HEOOXIIHICTh MOCTIHHOIO MOHITOPHHTY TOMYJIALIN BOBYUKAa Ta Oe3mepepBHOIO
PO3BUTKY JTOCTI/DKEHb y LIbOMY HampsMi. [IeHTH(IKOBaHO OKpeMi reHH CTIMKOCTI 10 BOBYKA,
PO3pOOIEHO METOAM X MapKyBaHHs, IO 3abe3leuye YCHiX y BJIOCKOHAJECHHI ICHYIOUHX 1
PO3p0oOKY HOBHX MPOTPECHBHUX METOJIB CEJICKIii COHSIIHUKY Ha CTIHKICTh N0 Mapa3ura.
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VYcraHoBI€HO crenu(iuHICTh KOHTPOJIO CTIMKOCTI 10 BOBYKA, 1[0 BU3HAUYCHO HASBHICTIO
reHeTHYHUX (axropiB. OTxe HalKpalyuM METoA0M OOpPOTHOM 3 BOBUKOM € FT€HETHYHHNA METO/I.
Ane B mirepaTypi HE BHUCBITJIEHO 3aKOHOMIPHOCTEH YCHaJIKyBaHHS CTIMKOCTI /10 HOBHUX
BIPYJICHTHUX pac BOBYKa, MOIIUPEHUX B YKpaiHi, 10 BaKJIMBE U1 CTBOPEHHS KOMEPIIHHHX
riopuais. Takox mOTpeOyIOTh PO3BHUTKY JIOCTI/DKEHHS 3B'SI3KYy MDK CTIMKICTIO O HOBHUX
BIPYJICHTHUX Pac BOBYKA, SIKI MOIIMPEH] B YKpaiHi, Ta MIHHUMHU TOCHOJAPCHKUMHU O3HAKaMU B
riOpuiB meproro nokomiHHA. BpaxoByroun 3adikcoBaHi OCTaHHIMHM POKaMH 3MIHH KIIIMaTy B
HanpsMi MiIBUIIEHHS TeMIIepaTypy IMOBITPs Ta IHIII HACIIAKM IOTO INI0OATBLHOTO IMpOIECY,
MOXKHA Tepen0aYuTH 3pPOCTaHHS IHTEHCHBHOCTI YpPaKCHHS COHSIIHUKY Iapa3suTOM, IO
CHPSMOBYE CEJICKI[II0 KYIbTYpU Ha TOEMHAHHS CTIMKOCTI 10 HECHPUSATIMBUX a0I0THYHUX
YMHHUKIB 31 CTIAKICTIO 10 BOBYKA.

Knwuoei cnosa: conswnux, cenexkyis, cmiiuKicms, 60840K, 6IpYIeHMHICMb, PACU, 2eHU
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VALUABLE REPRESENTATIVE OF TRITICUM POLONICUM L. FOR GROWING IN
UKRAINE

Relina L.I., Vecherska L.A., Sheliakina T.A., Golik O.V., Bohuslavskyi R.L., Suprun O.H.,
Antsyferova O.V.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

The article presents the botanical and agronomic characteristics of Triticum polonicum
var. pseudocompactum studied in the eastern forest-steppe zone of Ukraine.

Keywords: Triticum polonicum, performance, biometric and technological parameters, chemical
composition, pasta quality

Introduction.77iticum polonicum (also known as the Polish wheat, which is a confusing
name, because it did not originate or was not cultivated on an industrial scale in Poland) is spring
wheat. It is an allotetraploid (genome formulae AABB) species with 28 chromosomes [1]. T.
polonicum was traditionally grown in small areas of
the Mediterranean region, Ethiopia, Russia and in other parts of Asia. [2] S. Maysoun [3] even
mentioned that this species was cultivated in Ukraine. This species is characterized by
longer glumes and grains in comparison with other wheat species [1, 4].

Literature review and problem articulation. Nowadays when agrarians reopen
neglected and underutilized wheat species, 7. polonicum is in the focus of researchers and
breeders. Popular sites even call it ‘grain of hope’. It is seldom cultivated as an independent food
crop; it is rather considered as material for breeding. Polish wheat can be a source of resistance to
Fusarium head blight [5] and a material for the biofortification of wheat with essential
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