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CEREAL CROPS IN UKRAINE

H. Snihur, S. Petrenko, T. Kot, O. Shevchenko,|V. Polischuk

Taras Shevchenko National University of Kyiv,
64/13 Volodymyrska Str., Kyiv, 01601, Ukraine
e-mail: galya_snigur@yahoo.com

Aim. Viral diseases are one of the factors governing yield of cereal crops which is a
key element to guaranteeing food security in Ukraine. This work assesses spread of most
harmful viruses infecting cereals in agriecosystems using different diagnostic approaches.
Methods. Viruses were detected in collected samples using double-antibody sandwich
enzyme-linked immunosorbent assay with commercial test systems specific to 12 cereal
viruses. Transmission electron microscopy was used for direct detection of virus particles.
Results. To evaluate the spread of cereal viruses, we have carried out a 15-year monitoring
of cereal crops in different regions of Ukraine. For virus screening, we collected plants
with typical virus-like symptoms (mosaic, leaf discoloration, etc.). We have identified
arthropod-transmitted viruses: Barley yellow dwarf virus-PAV (BYDV-PAV), Barley yellow
dwarf virus-MAV (BYDV-MAV), Cereal yellow dwarf virus-RPV (CYDV-RPV), Wheat
streak mosaic virus (WSMV) and Wheat dwarf virus (WDV). Brome mosaic virus (BMV)
and Barley stripe mosaic virus (BSMV) were sporadically detected in the commercial fields
under cereals, as well as several soil-borne viruses, including Wheat spindle streak mosaic
virus (WSSMYV), Soil-borne cereal mosaic virus (SBCMYV), Soil-borne wheat mosaic virus
(SBWMY) and Barley mild mosaic virus (BaMMV). Conclusions. Barley yellow dwarf
virus-PAV, Wheat streak mosaic virus and Wheat dwarf virus are the most spread viruses
endangering cereals’ cultivation in Ukraine. During the last 15 years, these viruses gained
not only in terms of spread but also in the context of their economic effect.

Keywords: cereal crops, Barley yellow dwarf virus-PAV, Barley yellow dwarf virus-
MAYV, Cereal yellow dwarf virus-RPV, Wheat streak mosaic virus, Wheat dwarf virus,
Brome mosaic virus, Barley stripe mosaic virus, Wheat spindle streak mosaic virus, Soil-
borne cereal mosaic virus, Soil-borne wheat mosaic virus, Barley mild mosaic virus.

Grain growing holds leading position in the agrarian industry of Ukraine.
For many years, cereals remain important crops in every region of the country.
Ukraine enjoys all prerequisites for growing high yields of cereals with gross
grain yield reaching 60 million tons for most of the seasons. Winter wheat is
a major cereal crop in Ukraine, as its cultivation is favored by typical soil/
climatic conditions in many of the regions. Winter wheat crops occupy 6-7
million ha totaling to 43% of area under cereals.

Cereal crops are unique in terms of their biological properties and
accumulate large quantities of high-caloric organic compounds — proteins,
carbohydrates, fats, macro- and microelements, and contain different enzymes
(amylases, lipases, peroxidases, oxidases, etc.) as well as vitamins (B1, B2, B6,
ascorbic acid, beta-carotene).

Due to the population upsurge and recognized importance of Poaceae plants
for food security and availability, recent years witnessed increased attention to
viral diseases of cereals.
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Economic significance of viral diseases of cereals is hard to overestimate
as yield losses can reach 80-90% during epidemics. Virus infections affect and
redirect physiological and biochemical processes in plants. Infected cereals
demonstrate decreased stooling productivity (by 72-95%), reduced content of
chlorophyll and carotenoids, abnormal seed formation and impairment of seed
quality (smaller number of seed in spikes, reduced seed weight (by 29-55%),
sharp decrease of gluten content) [1-14].

In Ukraine, viral diseases of cereals have been repeatedly described by
many authors from 1960-ies. Biological properties of infectious agents, means
of their transmission, spread, visual appearance of the disease on different crops
as well as virulence were among the main subject of early studies [1-14]. As we
know from literature, the following viruses were spread in various regions of
Ukraine: Wheat streak mosaic virus (Tritimovirus, Potyviridae) [1-6], Barley
vellow dwarf virus (Luteovirus, Luteoviridae) [7-10], Barley stripe mosaic
virus (Hordeivirus, Virgaviridae) [3, 4], Brome mosaic virus (Bromovirus,
Bromoviridae) [4, 10, 11], as well as potentially harmful Barley yellow mosaic
virus (Bymovirus, Potyviridae) transmitted via fungi-like organisms Polymyxa
graminis [12, 13]. Moreover, there were several outdated communications
regarding the possible occurrence of Winter wheat (Russian) mosaic virus
(Cytorhabdovirus, Rhabdoviridae) and Wheat dwarf virus (Mastrevirus,
Geminiviridae) transmitted by a leathopper Psammotettix alienus [10, 11, 14]
requiring additional confirmation.

Modern approaches to studying ecological and epidemiological features
of viral diseases of cereal crops envisage the accumulation of experimental
data on spread and strain diversity of viruses, as well as on their vectors,
host range and reservoirs. When coupled with data on spectrum of cultivated
crops, climatic conditions and geographical peculiarities, this information is a
necessary prerequisite for designing a system for risk assessment of plant virus
epidemics for given regions.

In view of aforesaid, this work was focused on the complex monitoring
of the most harmful viruses endangering cereal crops in agriecosystems of
Ukraine.

Materials and methods. To evaluate the occurrence and spread of
cereal viruses, we have carried out a 15-year monitoring of cereal crops
in agriecosystems of different parts of Ukraine including Vinnytsya,
Dnipropetrivsk, Kyiv, Lviv, Mykolayiv, Odessa, Poltava, Kharkiv, Kherson,
Khmelnytskiy, Cherkassy and Chernihiv regions. When surveying the crops,
we collected plants with typical virus-like symptoms and also noted the
approximate percentage of diseased plants using an approach adopted by
Spaar, occurrence of insect vectors as well as concomitant bacterial and fungi
diseases [15]. Virus detection in collected samples was done using double-
antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) with
commercial test systems purchased from Loewe and DSMZ (Germany), and
Agdia (USA) specific to the following viruses: Wheat streak mosaic virus
(WSMV), Barley stripe mosaic virus (BSMV), Brome mosaic virus (BMV),
Wheat dwarf virus (WDV), Barley yellow dwarf virus-PAV (BYDV-PAV),
Barley yellow dwarf virus-MAV (BYDV-MAV), Cereal yellow dwarf virus-
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RPV (CYDV-RPV), Barley yellow mosaic virus (BaYMV), Barley mild mosaic
virus (BaMMV), Wheat spindle streak mosaic virus (WSSMV), Soil-borne
cereal mosaic virus (SBCMV), and Soil-borne wheat mosaic virus (SBWCM).
The analysis was performed following the manufacturer’s recommendations.
Absorbance values, measured 60 min after adding the substrate, greater than
two times those of the negative controls and exceeding 0,2 were considered
positive [16]. Transmission electron microscopy was used for direct detection
of virus particles in cereal samples. To remove the debris, plant samples were
homogenized in 0,1M PBS (pH 7,4) and centrifuged at 4000 rpm for 15 min.
The supernatant was deposited on 0.2% formvare membranes and contrasted
for 10 min using 2% uranyl acetate [17].

Results. For 15 years, we have been conducting the monitoring of spiked
grains for viral infections in different parts of Ukraine. For virus screening, we
collected plants with typical virus-like symptoms including streak and stripe
mosaic, yellowing and reddening of leaf blades, stunting and dwarfing. Varied
and diverse virus-specific symptoms were noted on different crops in different
regions. Yellowing of leaves of winter wheat was common for the central part
of Ukraine (Fig.1a), when reddening of leaves was more typical for southern
regions (Fig.1b).

Fig. 1 — Symptoms of viral disease on winter wheat plants from Vinnytsya (a) and
Odessa (b) regions

We also noted various mosaic symptoms — from minor streak mosaic
(Fig.2a) to stripe light green mosaic (Fig.2b), - sometimes even on the same
field.

b)

Fig. 2 — Symptoms of mosaic on leaves of winter wheat from Kyiv region:
a) minor streak mosaic; b) light green stripe mosaic
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Serological screening of collected samples showed presence of viruses
which were known to be widespread pathogens in Ukraine such as WSMYV,
BSMYV, BMV, WDV, and also viruses belonging to barley yellow dwarf group.
These, in particular, included Barley yellow dwarf virus-PAV (BYDV-PAV),
Barley yellow dwarf virus-MAV (BYDV-MAV), and Cereal yellow dwarf
virus-RPV (CYDV-RPV) — formerly recognized as strains of BYDV but
now declared as distinct virus species from different genera of Luteoviridae
family [18]. In addition, the samples have been also checked serologically
for cereal soil-borne viruses transmitted by fungi-like organisms Polymyxa
graminis which endanger European countries nowadays. In Europe, seven
soil-borne viruses are widespread and 5 of them (Barley yellow mosaic virus
(BaYMV), Barley mild mosaic virus (BaMMYV), Wheat spindle streak mosaic
virus (WSSMYV), Soil-borne cereal mosaic virus (SBCMYV), and Soil-borne
wheat mosaic virus (SBWCM) pose a major threat for commercial cultivation
of winter varieties of wheat, rye, triticale, and barley [19-22]. Taking this into
account, we analyzed plant samples collected in agriecosystems from different
regions of Ukraine for these 5 pathogens.

In line with obtained results, Barley yellow dwarf virus-PAV, Wheat streak
mosaic virus, and Wheat dwarf virus are the most spread viruses prevailing
in Ukrainian agriecosystems. These viruses are efficiently transmitted by
arthropods — respectively, by aphids, mites and leafthoppers.

Barley yellow dwarf virus-PAV was repeatedly found in plants of winter
and spring wheat, winter and spring barley, winter rye, spring oat, triticale
and wild cereal grasses collected nearby commercial plantings. Infected plants
demonstrated symptoms of yellowing and reddening of leaf blades followed by
stunting. Sometimes the visual symptoms persisted from autumn time, in spring
they typically developed in April. Our data confirm regular annual spread of
BYDV-PAV on cereals in different parts of Ukraine including Vinnytsya, Kyiv,
Lviv, Mykolayiv, Odessa, Kharkiv, Kherson, Khmelnytskiy, Cherkassy and
Chernihiv regions (totaling to nearly half of the country). In years 2005, 2006
and 2009, BYDV-PAV was confirmed as a casual agent of epiphytoties in the
western (Lviv, Khmelnytskiy), southern (Odessa, Mykolayiv), and central
regions (Vinnytsya, Cherkassy).

Apart from BYDV-PAV, Barley yellow dwarf virus-MAV has been detected
on winter wheat plants only, and Cereal yellow dwarf virus-RPV — on
winter wheat and winter barley plants from Odessa region. Typically, higher
percentage of infected plants and larger affected areas were characteristic for
southern regions. This is obviously connected with optimal climatic conditions
favouring spread of aphids which serve as virus vectors.

Aphids Sitobion avena, Rhopalosiphum padi, and Schizaphis graminum
(known vectors for many viruses) were found during plant screening for virus
diseases in different regions of Ukraine. In the context of cereal viruses it is
on interest that Sitobion avena transmits two viruses (BYDV-PAV and BYDV-
MAV), when Rhopalosiphum padi is able to vector BYDV-PAV, CYDV-RPYV,
and CYDV-RPS. From there pathogens, only CYDV-RPS was never found.
In addition, Schizaphis graminum was also reported as a tentative vector for
BYDV-PAV [23]. The occurrence of three aphid species capable of transmitting
Barley yellow dwarf virus-PAV may explain the abundance and relative
dominance of this virus in Ukrainian agriecosystems.
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Spread of diseases and related yield losses greatly depend on complex
relations among plant hosts, viruses and their vectors, as well as on climatic
conditions which govern vectors’ activity and reproduction. This complicates
both forecasting of the occurrence of viral diseases and decision making for
direct vector control. Despite the availability of marketed insecticides for seed
treatment and field protection, such approach may not be commercially viable
each year. Viruses of barley yellow dwarf group are transmitted persistently and
hence require a prolonged period of vector feeding on phloem sap (typically
about several hours are needed for successful virus transmission). This factor
determines rather high efficiency of chemical insecticidal substances used for
plant protection. Vectors normally die before transmitting the virus (or at least
enough of virus to induce the disease). The time of treatment, however, is a
crucial step for successful vector control. Basing on experimental data, it is
thought that insecticides are not efficient in preventing the initial crop infection
by coming vectors (typically their population only contains approximately
4% of viruliferous insects) but demonstrate high potential for limiting further
spread of the virus in crops [24, 25].

Wheat streak mosaic virus is transmitted by mite Aceria tritici and was
found in winter and spring varieties of wheat and barley in Vinnytsya,
Dnipropetrivsk, Kyiv, Odessa, Poltava, Kharkiv, Cherkassy, and Chernihiv
regions. Diseased plants developed different patterns of streak and stripe
mosaic (Fig.2). Regardless of the varying types of mosaic, the ELISA results
confirmed that all such plants were infected by the same Wheat streak mosaic
virus, as other pathogens were not detected. Evidently, varying types of WSMV
symptoms were due to differences in winter wheat varieties. This pathogen was
most frequently found in northern and eastern parts of the country back in 2007,
2008 and in the autumn of 2012. In addition to vector transmission, WSMV
was also shown to be transmitted by seed (0,5-1,5%) for both wheat and maize
[26]. When coupled with vector transmission, this rather low efficiency of
seed transmission enables WSMYV to induce epiphytoties and facilitates virus
spread into new areas. In 21 century, WSMV was found in South Europe [27,
28], Australia, etc. [29]. In Germany, another related virus has been isolated
from meadow grass (Poa pratensis) genbank and characterized in detail [30].
This striking evidence underpins the need to re-evaluate our views on WSMV
epidemiology and its spread with sowing material as well as material from the
genbanks.

Wheat dwarf virus was identified in different cultivars of winter and spring
wheat, and winter barley collected from Kyiv, Mykolayiv, Odessa, Kharkiv,
Khmelnytskiy, and Cherkassy regions. Surprisingly, for the first time WDV has
been also detected in samples of durum and concomitant wild cereal grasses
of Deschampsia genus. Infected plants developed yellowing, severe dwarfing,
and poor or no spikes. WDV is transmitted persistently by a leathopper
Psammotettix alienus which occur in Ukraine. Favoring climatic conditions and
non-compliance with approved agritechniques may be the factors facilitating
epiphytoty of WDV. Differential PCR-based diagnostics of serologically WDV-
positive samples showed that the vast majority of plants collected from various
regions of Ukraine were infected by wheat strain of WDV. However, a single
sample of winter wheat (cultivar Selyanka) collected from Odessa region was
infected by barley strain of WDV providing novel data on virus biology [31].
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Cereal yield losses invoked by arthropod-transmitted viruses depend on
(i) productivity of diseased plants, (ii) compensatory capabilities of healthy
neighbor plants, and (ii1) virus accumulation in reservoir plants (both cultivated
and wild-growing) enabling preservation of virus population during winter.
These factors are keys to maintaining infection chain. Elimination of infection
sources is not practical as these viruses have far too many host plants (wild
cereals). For instance, viruses of barley yellow dwarf group enjoy as much as
150 species of host plants belonging to 5 subfamilies of Poaceae family. From
such plants the viruses are then transmitted to commercial crops by arthropods.
It is often unreal to maintain proper distance between wheat or barley plantings
and meadows, pastures and maize plantings. Complex approach of virus
control is aimed at breaking the infection chain. In this context, the priority
task is to eliminate seeds’ fall during stubble processing. Usually, the seeds’
fall plantings are heavily infected by viruses and serve as optimal sources of
inocula for transmission of viruses by vectors to winter cereal crops. Also,
the more dense the plantings, the more aphids and leafthoppers they attract.
In addition, early sowing of winter crops coincides with high percentage of
viruliferous vectors. When coupled with warm weather favoring vector spread
and feeding, early sowing in autumn has higher risks of virus spread before
winter, and the yield losses can lead up to 70%. Spring cereals are typically
less susceptible to virus damage because of the late flight of viruliferous
vectors. Virus infections endanger successful overwintering of winter cereal
crops. Moreover, virus-infected plants are an easy ground for secondary fungi
diseases including Pseudocercosporella herpotrichoides, Fusarium sp., etc.
leading to even higher yield losses [25, 32].

In addition to aforementioned viruses, Brome mosaic virus (BMV)
and Barley stripe mosaic virus (BSMV) were sporadically detected in the
commercial fields under cereals. Brome mosaic virus was most often found
in winter wheat and spring barley plants collected from Kyiv and Vinnytsya
regions back in 2003, as well as in winter wheat and barley from Odessa
region in 2008. This virus induces severe losses of grain yield reaching 35-
65%. Early infection of winter and spring barley, wheat or oat may lead to
total loss of crops. In turn, Barley stripe mosaic virus was found in winter
wheat only collected from Kyiv and Poltava regions in 2003, Vinnytsya region
in 2006, Vinnytsya and Kharkiv regions in 2007, and Kyiv region in 2008.
This pathogen is especially harmful because of extremely high efficiency of its
seed transmission (up to 90%) and transmission by pollen. This means that up
to 90% of plants germinated from virus-contaminated seeds will be infected.
Sometimes, however, the disease is symptomless which pose a great danger for
selection. The efficiency of BSMV seed transmission depends on virus strain,
term of plant infection, and on plant species/cultivar.

Figure 3 represents summary data on virus monitoring and prevalence in
cereal crops by region.

We used electron microscopy for direct detection of most common cereal
viruses. We have found spherical particles of two types differing in their
diameter: about 18 nm (typical for Wheat dwarf virus, Fig.4a) and 27 nm
(Brome mosaic virus, Fig.4b). Also, when studying sap of infected plants,
filamentous virus particles (700 x 11-15 nm) typical for Wheat streak mosaic
virus were detected (Fig.4c), as well as rod-shaped virions (120-150 x 20 nm)
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Fig.3 — Detection of cereal viruses in grain cereals by region (2002-2016):
1 - Vinnytsya, 2 — Dnipropetrivsk, 3 — Kyiv, 4 — Lviv, 5 — Mykolayiyv,
6 — Odessa, 7 — Poltava, 8 — Kharkiv, 9 — Kherson, 10 — Khmelnytskiy,
11 — Cherkassy, 12 — Chernihiv

characteristic for Barley stripe mosaic virus (Fig.4d). These data were in
agreement with the results of ELISA of the same samples using specific test
systems toward respective viruses.

Fig. 4 — Electron microscopy images of Wheat dwarf virus (a), Brome mosaic virus (b),
Wheat streak mosaic virus (c) and Barley stripe mosaic virus (d)
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Taking into account the danger imposed by Polymyxa graminis-transmitted
viruses for cultivation of wheat, rye, barley and triticale in Europe [19-22],
we surveyed Ukrainian agriecosystems for the presence of 5 most harmful
soil-borne viruses typical for European countries. The obtained results showed
the occurrence of WSSMV, SBWMYV, SBCMYV, and BaMMYV, and confirmed
the presence of spores of vector Polymyxa graminis in the root system of
infected plants. SBCMV was the most common pathogen found, in particular,
in winter rye (cultivar Arfa) collected from Cherkassy region in 2004, and in
winter wheat and wild grasses collected immediately after wheat sowing from
Vinnytsya region in 2005. In wild grasses, SBCMV was found in association
with BMV and BYDV-PAV.

The epidemiology of soil-borne viruses is such that spores of fungi vector
serve as the main reservoir for virus. These spores can survive in soil for up
to 20 years, thus successfully preserving the virus in infectious state. This
means that crop rotation or suspension of cultivation of susceptible crops have
no positive effect. Spores of Polymyxa graminis are extremely stable to low
temperatures and can easily overwinter. Also, they are insusceptible to high
temperatures as the fungi can reach deep into the ground. Hence, thermal
treatment of fungi vector is both inefficient and ecologically unsafe. Virus-
contaminated spores are easily spread by agricultural machinery on the field
and with soil particles to the surrounding areas (and even to the distant regions
with wind). All soil-borne viruses favor lower temperatures: they accumulate
to higher titers, develop more pronounced symptoms, and induce higher losses
of plants during overwintering. This is why winter cultivars tend to be more
susceptible to soil-borne viruses when spring varieties may evade the infection
[33-36].

Discussion. Intensification of cereals’ cultivation, active importing
of seed material and global warming (i.e., vector spread to new areas) are
major factors favoring the spread of cereal viruses. More accurate virus
diagnostics using modern serological and molecular techniques also adds to
our knowledge. However, sometimes virus symptoms can be easily confused
with those induced by non-infectious factors, i.e. draught, excess moisture,
low temperature, nutrient deficiency, etc. The development of state-of-the-art
experimental methods will facilitate differential diagnostics.

In summary of the obtained results we should note that Barley yellow dwarf
virus-PAV, Wheat streak mosaic virus and Wheat dwarf virus are the most
ubiquitous virus pathogens endangering cereals’ cultivation in Ukraine. During
the last 15 years, these viruses gained not only in terms of spread but also in
the context of their possible economic effect.

In the view of epidemiological characteristics of these cereal viruses (highly
susceptible hosts, efficient (or only) vector transmission, and wide spread in
the country), it is vital to ensure proper control of Barley yellow dwarf virus-
PAV, Wheat streak mosaic virus and Wheat dwarf virus in Ukraine via applying
adequate phytosanitary measures to prevent spread of pathogens and vectors.
Obtained results will from a base for developing prognostic system for virus
control in Ukraine.
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INOLIUPEHI BIPYCHI XBOPOBHU, 1O 3ATPOXYIOTH
BUPOIIIYBAHHIO 3EPHOBUX KYJIBTYP B YKPATHI

Cuizyp I.0., Ilempenko C.M., Kom T.I., Illesuenxo O.B.,|Iloniuyk B.I1.

Kuiscvoxuii nayionanvuuil ynisepcumem imeni Tapaca Illesuenka,
8yn. Bonooumupcoka, 64, Kuis, 01033, Ykpaina

Pesome

Merta. BipycHi XBOpoOHU € OTHUM 3 BU3HAYATBHUX (haKTOPIB SAKICHUX Ta KIIbKICHUX I10-
Ka3HHKIB YPOXKaI0 36PHOBUX KYJBTYP — KIIFOUOBOTO €JIEMEHTY 3a0e3IeUeHHST POI0BOIBIOT
Oe3neku B Ykpaini. Metoro po6oTH Oyiia OIfiHKa IMOIIUPEHHS HAWOUIBII HeOe3eYHUX Bi-
PYCIB 3JIaKOBHX KYJIBTYp B arpO€KOCHCTEMaX, BAKOPUCTOBYIOUH Pi3HI METOIH iarHOCTUKH.
Metonu. J{s ineHTr(iKaIii BipyciB y BiIiOpaHUX 3pa3Kax BUKOPHUCTOBYBAIH iMyHO]Ep-
MeHTHHH aHaii3 B Moaudikamii DAS-ELISA i3 3acTocyBaHHSIM KOMEPLIHHUX TECT-CHCTEM
1o 12 BipyciB 3;makoBuX. J[7st psIMOTO BUSIBJIICHHS BipyCHHX YaCTOK 3aCTOCOBYBAJIA METO/T
TPaHCMICIBHOI eNeKTPOHHOT Mikpockotrii. Pe3yasraru. [Tpotarom 15 pokiB mpoBoaINCH
00CTEe)XEHHS 36PHOBUX KOJIOCOBHX KYJBTYp Ha IPEAMET BIPYCHUX iH(EKLiH y pi3HUX 00-
nacTsax Ykpainu. i 1iarHOCTHKY BipyCiB BiAOUpaH pOCIUHY 3 XapaKTEPHUMH CUMII-
ToMam# (M03aiKO¥0, 3MIHOKO KOJBOPY JIUCTKIB Ta iH.). B pe3ymbraTi mpoBemeHoi poOoTH B
arporeHo3ax YKpaiHu BUSIBUJIM BIPYCH, 110 TIEPEAAOTHCS WIEHHUCTOHOTUMU: Barley yellow
dwarf virus-PAV, Barley yellow dwarf virus-MAV, Cereal yellow dwarf virus-RPV, Wheat
streak mosaic virus Ta Wheat dwarf virus. Ilepionnano inentudikyBamu Brome mosaic
virus, Barley stripe mosaic virus Ta 1esiki pyHTOBI BipycH, 30kpema, Wheat spindle streak
mosaic virus, Soil-borne cereal mosaic virus, Soil-borne wheat mosaic virus 1 Barley mild
mosaic virus. BucHoBku. OCHOBHY HeO€3MeKy JJisl BUPOIYBAaHHS 36PHOBUX KYJIBTYp B
VYkpaiui cknanatots Barley yellow dwarf virus-PAV, Wheat streak mosaic virus ta Wheat
dwarf virus. 3a octanHi 15 pokiB B YKpaiHi B 3Ha4HIN Mipi 301TbIIHIACH KUTBKICTB 1 pO3-
MTOBCIOIKEHICTD BIPYCiB, IO YPaXKyIOTh 3€PHOBI KYIBTYpH.

Kurouosi cnosa: 3epHOBI KynbTypH, Barley yellow dwarf virus-PAV, Barley yellow
dwarf virus-MAV, Cereal yellow dwarf virus-RPV, Wheat streak mosaic virus, Wheat
dwarf virus, Brome mosaic virus, Barley stripe mosaic virus, Wheat spindle streak mosaic
virus, Soil-borne cereal mosaic virus, Soil-borne wheat mosaic virus, Barley mild mosaic

VIrus.

PACITPOCTPAHEHHBIE BUPYCHBbBIE 3ABOJIEBAHHUS,
YI'POXAIOIIUE BBIPAIIUBAHUIO 3EPHOBBIX KYJIBTYP
B YKPAUHE

Cuuzyp I’ A., Ilempenrxo C.M., Kom T.I., llleguenko A.B., Illonunuiyx B.I1.

Kueesckuii nayuonanvholil ynusepcumem umenu Tapaca [llesuenko,
yi. Braoumupckasn, 64/13, Kues, 01033, Ykpauna

Pesome
Lean. BupycHsle 3a0051eBaHus ABISIOTCS OIHUM U3 ONPECIIONNX (DAKTOPOB yporKast
3€PHOBBIX KYJIBTYP — KJIFOYEBOTO AJIEMEHTA ITPOJIOBOJIBCTBEHHON 0€3011aCHOCTH YKparHbl.
Henpro paboTsl ObLIAa OIEHKA pacHpoCTpaHEHHUS Hanbojiee BPEJOHOCHBIX BHPYCOB
3JIaKOBBIX KYJIBTYP B arpO’KOCHCTEMAX C UCTIOJIB30BAHUEM PA3HBIX METOJOB TUArHOCTUKU.
MeTtonpbl. J{ist uACHTU(HUKAIIMKA BUPYCOB UCIIOJIB30BAIN UIMMYHO(PCPMCHTHBIN aHAIN3 B
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moandukanun DAS-ELISA ¢ npuMeHeHneM KOMMEpYeCKUX TeCT-CHCTeM K 12 BHpycam
371aKOBBIX. [y mpsiMOro 0OHapyKeHHs BUPYCHBIX YaCTHIl MPUMEHSUIN METO/ TPAHCMUC-
CHOHHOM JIeKTpOHHOW MHUKpockonuy. Pe3ynwsTarsl. B Teuenne 15 net nmpoBoxumuch 00-
CJICJIOBaHMS 36PHOBBIX KOJOCOBBIX KYJIBTYP Ha IPEAMET BUPYCHBIX MH(EKIMH B pa3HbIX
obnactax YkpauHsl. /il IMarHOCTUKN BHPYCOB OTOMPANN PACTECHHSA C XapaKTEPHBIMU
CUMIITOMaMu (MO3anKOH, N3MEHEHHEM I[BETa JINCTHhEB | T.II.). B pesynbrare npoeneH-
HOHW paboThl B arporeHo3ax YKpauHbl 0OHAPYKHIM BUPYCHI, IEPEAaBacMble YJICHUCTO-
HoruMmu: Barley yellow dwarf virus-PAV, Barley yellow dwarf virus-MAV, Cereal yellow
dwarf virus-RPV, Wheat streak mosaic virus u Wheat dwarf virus. Ilepuogudecku nieH-
tudumposaiu Brome mosaic virus, Barley stripe mosaic virus 1 HEKOTOpbIC TIOUYBCHHBIC
BUPYCHI, B 9aCTHOCTH, Wheat spindle streak mosaic virus, Soil-borne cereal mosaic virus,
Soil-borne wheat mosaic virus w Barley mild mosaic virus. BeiBoabl. OCHOBHYIO orac-
HOCTB JUISl BBIPALMBAHUS 36PHOBBIX KYJIbTYp B YKpauHe npeacrasistor Barley yellow
dwarf virus-PAV, Wheat streak mosaic virus v Wheat dwarf virus. 3a mocnenuue 15 et B
YKpanHe B 3HaYUTEIILHOM CTENEHHU YBEINIHIOCH KOJIMYECTBO U PACIPOCTPAHEHHOCTh BU-
PYCOB, OPAXKAIOLIUX 3€PHOBBIC KYJIBTYPHI.

Kniouesvie crnosa: 3epHoBbie KyabTyphl, Barley yellow dwarf virus-PAV, Barley yellow
dwarf virus-MAV, Cereal yellow dwarf virus-RPV, Wheat streak mosaic virus, Wheat
dwarf virus, Brome mosaic virus, Barley stripe mosaic virus, Wheat spindle streak mosaic
virus, Soil-borne cereal mosaic virus, Soil-borne wheat mosaic virus, Barley mild mosaic

Virus.
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