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WHEAT DWARF VIRUS

and its impact on the 2020 harvest in some regions

Goal. To identify the virus that
causes symptoms of dwarfism and no
heading of winter wheat, and to inves-
tigate its effect on plant yield. Methods.
Visual diagnostics, enzyme-linked im-
munosorbent assay in double sandwich
modication (DAS-ELISA), polymerase
chain reaction, biometric determining
of yield and its structure, statistical
data analysis. Results. Investigation
of winter wheat varieties from Vin-
nytsia, Khmelnytsky, Kyiv, Chernihiv
and Cherkasy regions with symptoms
of dwarfism, yellowing of leaves and
no heading was performed. ELISA
and PCR have shown that the di-
sease is caused by wheat dwarf virus.
The absence of the wheat streak mo-
saic virus, barley yellow dwarf virus,
brome mosaic virus, and wheat spindle
streak mosaic virus in the tested wheat
samples was shown. It was found that
wheat dwarf virus significantly re-
duces the number of seeds per spike
(3.3 times), weight of seeds per spike
(3.4 times) and weight of 1000 grains
(1.9 to 3.3 times) depending on the
degree of plant damage (from modera-
tely to severely affected). Conclusions.
The circulation of wheat dwarf virus in
agrocenoses of five regions of Ukraine
and a significant negative impact of the
disease on the yield of winter wheat
plants have been established. The ob-
tained data indicate the necessity for
constant monitoring and testing of
plants for the presence of wheat dwarf
virus in Ukraine.

wheat dwarf virus; winter wheat;
yield

Cereals are crucial in ensuring
Ukraine’s food program, the main
of which is winter wheat, which oc-
cupies an area of more than 6 mil-
lion hectares. However, its yield over
the past seven years is only 4 t/ha,
which is much lower than the genetic
potential of domestic varieties. Even
under favorable conditions for crop
production, wheat crop losses from
viral diseases can reach more than
60%. The least studied among the vi-
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ral diseases of wheat in our country is
the wheat dwarf virus.

Wheat dwarf virus (WDV) be-
longs to the genus Mastrevirus, fa-
mily Geminiviridae, is in the form of
a twinned quasi-isometric virions,
which contains a circular single-
stranded DNA genome encoding 4
proteins: movement protein (MP;
V1), capsid protein (CP, V2) and
proteins associated with replication
(RepA, CIand Rep, CI: C2) [1]. For
the main representative of the genus
Mastervirus — Maize streak virus, its

size is 38 nm in length and 22 nm in
diameter.

The virus has two non-coding
regions: large and small (LIR and
SIR, respectively), which contain
regulatory elements for replication
and transcription of the virus. LIR
contains the origin for transcription.
SIR has polyadenylation signals and
the region to which a short comple-
mentary primer is attached for the
synthesis of the second chain [2].

WDV was first described by
Vacke [3] in the western part of the
former Czechoslovak Socialist Re-
public. The virus causes wheat dwar-
fism, which is one of the most serious
wheat diseases in Europe, Asia and
Africa [4]. The presence of the virus
has been confirmed in many coun-
tries around the world: in Turkey
[5] and in China [6]; in Iran [7] and
Syria [8], in North Africa (Tunisia
[9], Zambia [10]). The spread of this
virus has increased in recent years
in Europe. VKP was found in Bul-
garia [11, 12]; Hungary [13], France
[14], Romania 15], Germany [16],
Poland [17], Sweden [18], Finland
[19], Spain [20], Ukraine [21, 22],
Czech Republic [23], Austria and
Great Britain [24]. Only in 2017
WDV has appeared in Estonia [25]
and Slovenia [26].

The symptoms caused by WDV in
different countries of the world are
similar and manifest themselves in
the form of varying degrees of dwar-
fism of plants, yellowing of leaves,
reduced heading and/or no hea-
ding of plants. Initially, WDV iso-
lates were divided into two groups:
wheat and barley forms of the virus
(WDV-W and WDV-B strains) [27].
Subsequent studies have shown that
WDV-B is serologically similar to
WDV-W, but the strains differ in
nucleotide sequence (84% identity)
and genome size: 2749—2750 nucle-
otides in WDV-W and 2734 nucleo-
tides in WDV-B [5]. Later, based on
examination of cereal field samples
and DNA sequences of different virus
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isolates, Schubert et al. [4] proposed
to divide WDV into three types:
WDV, barley dwarf virus (BDV),
and oat dwarf virus (ODV). Muhire
et al. [28] suggested that ODV should
be considered as a separate species
and WDV should be divided into
five strains (referred to as A — E)
based on many phylogenetic analyzes
of its genome, which were approved
by the International Committee on
Taxonomy of Viruses (ICTV). In
2015, ICTV proposed to divide the
WDV isolates into strains A — F, and
A and F isolates of the virus were
mainly isolated from barley, while B,
C, D, E originated from wheat plants
[29]. WDV is transmitted persistent-
ly, nonpropagatively by the vector
Psammotettix alienus Dahlb. (order
Hemiptera, family Cicadellidae) on
plants of barley, wheat, oats, rye,
triticale and wild grasses of the family
Poaceae. The virus does not repro-
duce in insects and is not transmitted
by eggs [30]. Adults of the second
generation begin to appear in late
summer and are present until late
autumn. The main spread of WDV is
in winter wheat fields, infection oc-
curs in autumn, when adult cicadas
migrate to freshly sown fields. The
incidence can range from a few per-
cent to about 75% [31]. Even at low
insect densities; the virus can cause
significant crop losses. In the spring
and early summer, secondary spread
occurs in the form of newly hatched
cicada nymphs that have acquired
the virus from plants previously in-
fected in the autumn. In addition,
tillage methods have changed and
many fields of winter wheat are sown
immediately after harvesting winter
wheat without plowing. This means
that early seedlings of winter wheat
plants can become infected in the
autumn and be a source of infection
next spring.

It has been shown that WDV can
lead to significant yield losses of up
to 80% [32]. In Finland, the virus
caused crop losses of 20 to 40%, in
some cases up to 100% [19]. In Swe-
den, it has been shown that losses
from WDV are close to 35% to 90%,
and that early crops suffered more
from dwarf wheat than fields sown at
the optimal time. Some other agro-
nomic factors have also been associa-
ted with higher yield losses, such as
crop failure and irregular germination
[33]. In the Czech Republic, different
varieties of wheat were studied by
mechanically inoculating them with

WDV, and it was shown that there is
a decrease in grain yield from 87.3 to
100%, reduction of plant heading (in
some cases by 100%) and ear sterility
in certain varieties [34]. In addition,
it was found that even resistant varie-
ties of wheat with the defeat of the
WDV are characterized by a decrease
in grain yield: by 72% in very suscep-
tible varieties, 35% and 21% in sus-
ceptible and moderately susceptible
varieties, respectively [35].

In 2020, we received many ap-
peals from farms and research in-
stitutions from different regions of
Ukraine about the presence of winter
wheat plants with symptoms of severe
dwarfism and no heading. Therefore,
the aim of the study was to identify
the virus that causes these symptoms
and to investigate its effect on crop
yields.

Materials and methods.

Agroecological monitoring of
winter wheat crop disease by viral
diseases was carried out in Vinnyt-
sia, Khmelnytsky, Kyiv, Cherni-
hiv and Cherkasy regions by visual
diagnostics [36, 37, 38]. Identifica-
tion of viruses was carried out using
enzyme-linked immunosorbent as-
say (DAS-ELISA) using commercial
test systems for viruses: wheat streak
mosaic virus (WSMYV), wheat dwarf
virus (WDYV), barley yellow dwarf
virus (BYDYV), brome mosaic virus
(BrMV), and wheat spindle streak
mosaic virus (WSSMYV) (Loewe,
Germany).

Leaf samples from healthy plants
were also included as a negative con-
trol. Positive controls were commer-
cial (Loewe, Germany). The analysis
was performed in three replicates.
Plant samples (leaves) were ground
with the addition of 0.1 M PBS in a
ratio of 1: 2 (m/V). To remove plant
residues in the homogenate, samples
were centrifuged at 3 000 rpm. for
20 minutes followed by selection of
the supernatant, which was used for
analysis [39]. The reaction results
were recorded on a Termo Labsys-
tems Opsis MR reader (USA) with
the Dynex Revelation Quicklink soft-
ware at wavelengths of 405/630 nm
[37, 38, 39] Values that exceeded
the negative control at least three
times were considered positive.
DNA isolation was performed using
the Genelet PlantRNA Puntification
Kit (cat. number K 0801, Thermo
Scientific, USA) according to the
manufacturer’s recommendations.
Amplification was performed using
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DreamTaq ™ Green PCR Mas-
ter Mix (Thermo Fisher Scientific,
USA) in a thermocycler (Genetic
Research Instrumentation LTD,
UK) with oligonucleotide primers
to the capsid protein (CP) gene of
WDV which code for the sequence
of length 783 bp: WDV-F 5'-ATG-
GTGACCAACAAGGACTCC-3" and
WDV-R 5'-TTACTGAATGCC-
GATGGCTTTG-3' [40]. Amplifica-
tion regime: denaturation for 3 min
at 95 °C, then 30 cycles (95 °C for
30 s, 60 °C for 30 s, and 72 °C for
1 min), 72 °C for 5 min. The PCR
products were separated in a 1.5%
agarose gel, ethidium bromide solu-
tion at a concentration of 0.5 pg/ml,
with DNA markers CSL-MDNA-
100bp (Cleaver Scientific, UK) and
visualized under UV light. Biometric
measurements, yield and its struc-
ture were performed by conventional
methods according to Dospekhov
[41]. Mathematical data processing
was performed using the Micro-
soft Office Excel computer software
package. To analyze the crop and its
structure, mean values of traits and
their standard error (10 plants of
each variant) were determined. Dif-
ferences between mean values of the
traits were evaluated by t-test.

Results.

In 2020, wheat plants with se-
vere symptoms of dwarfism and no
heading were found in five regions
of Ukraine (Vinnytsia, Khmelnytsky,
Kyiv, Chernihiv, and Cherkasy). In
addition to dwarfism, the plants
were characterized by yellowing of
various degrees and streaked stripes
(Fig. 1—12).

In Fig. 3 (photo from the drone)
there are clearly visible differences
between dwarf wheat plants. Greener
plants were observed on the northern
slope. Due to the well-heated soil,
the plants of the southern slope were
more populated by vectors (Psammo-
tettix alienus cicadas) and therefore
the plants looked much yellower (af-
fected).

Using ELISA we have found that
wheat plants of 13 samples with these
symptoms were affected by wheat
dwarf virus (Fig. 7, 8).

Wheat samples with symptoms
of dwarfism were also tested for the
presence of other viruses circulating
in Ukraine [42] that can cause simi-
lar symptoms of the disease, namely:
WSMYV, BYDV, BrMV and WSSMV.
ELISA results showed the absence of
all these viruses in the studied wheat
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varieties with symptoms of dwarfism,
streaked stripes, yellowing and no
heading. Thus, these symptoms are
caused only by WDV.

The ELISA results were con-
firmed by PCR, which showed the
presence of 783 bp amplicons cor-
responding to the wheat dwarf virus
capsid protein gene (Fig. 9).

Studies have shown that the
wheat dwarf virus has a significant
negative impact on plant productivity
and wheat yield, because in many va-
rieties it leads to the reduction of the
heading, or, in general, to no heading
(Fig. 10, 11). In fig. 11 well-marked
habitats of harvested field sheaves of
healthy and affected by WDV winter
wheat plants Producent from Khmel-

nytsky region. Plants affected by the
wheat dwarf virus have a dark (blac-
kened) appearance due to the popu-
lation of secondary fungi, which is
characteristic of thin and weakened
plants. It is on such plants that fungi
colonize due to adverse environmen-
tal factors, in particular weather con-
ditions. Individual spikes of healthy
and affected plants are shown in
Fig. 12, 13. Well-marked blackened
WDV-affected spikes (Fig. 13).
Observations of healthy and af-
fected by WDV plants showed a large
unevenness of plant damage by this
virus in 2020, and hence the impact
on plant productivity. Depending on
the variety, growing conditions, the
degree of damage to plants by the

dwarf wheat virus, we observed large
fluctuations in the percentage of no
heading of plants — from more than
50% to 100% in some areas. In the
mown-off affected WDV plants, we
recorded a different degree of dama-
ge to the ear (Fig. 13). The spikes
looked too weak, the grains of them
are shown in Fig. 14.

Grain size of the spike and weight
of 1000 grains play the most impor-
tant role in the formation of spike
productivity. Many years of research
have shown that the weight of 1000
grains depends on the varieties and
growing conditions, plant diseases,
etc. [37]. In recent years, the ne-
west varieties have mass of 1000
grains over 50 g. For Myronivka

d e

Figure. 1. Monoliths of wheat plants Akter with symptoms of infection caused by WDV:

a — healthy plants; b, c — WDV-infected plants; d —

individual leaves of WDV-infected plants;

e — leaves of healthy wheat plants (19 May 2020), Vinnytsia region

d

Figure 2. Symptoms of WDV infection in Matrix wheat plants:
a — infected plants in the foreground, healthy — behind; b, c — WDV-infected plants and leaves from them;
d — leaves of healthy wheat plants (19 May 2020, Vinnytsia region)

Ne1 (264), 2021
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Figure 3. Field with dwarf wheat plants, Figure 4. Symptoms of WDV on winter wheat plants D-13
(Vinnytsia region, 19 May 2020): a — southern slopes; (Kyiv region, June 16, 2020): a — infected plants;
b — northern slopes (photo from the the drone) b — individual leaves of diseased plants

a b

Figure 6. Symptoms of WDV

. ] heat plants
Figure 5. Symptoms of WDV on winter wheat plan.
on spring wheat plants D-35, (Chernihiy region): .
(Kyiv region, June 22 a — moderately aﬁ‘ected'plants,
2026) ’ b — severely affected, diseased
(no heading)
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Figure 7. The content of WDV antigens in wheat plants from Vinnytsia and
Khmelnytsky regions (May — July 2020)
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varieties, the standard is the variety
Podolyanka, where this parameter is
43.1 — 455 g.

An integral indicator of spike pro-
ductivity is the grain weight of one
spike [34, 37].

The height of WDV-infected
plants of wheat variety Akter (Vin-
nytsia region, 2020) is less than that
of healthy plants, but the most sig-
nificant negative impact (P <0.001)
of the virus was found on such indi-
cators as: the number of grains in the
spike (3.3 times less), mass of grains
per spike (3.4 times), and mass of
1000 grains (1.9 — 3.3 times), de-
pending on the degree of damage of
plants — from moderately to severely
affected (Table).

Similar results on a significant
reduction in wheat yield under the
WDV infection have been previously
obtained by scientists in Western
Europe [32—35].

Some farms of Vinnytsia region
received a significant shortage of
wheat grain, namely: in the wheat
fields of the Akter variety, where the
plants affected by WDV were first
detected in mid-May 2020, only
2.5 t/ha of wheat grain were harves-
ted. From other varieties, from 4 to
5 t/ha were obtained, depending on
the spread of the virus and the degree
of damage to plants in the fields by
this virus. In the absence of damage
to the WDV, the yield of the variety
Kolonia was 6.0 t/ha. For compari-
son, in the Cherkasy region. 8 t/ha
of grain were harvested in some
unaffected fields of the Patras wheat.
Such a harvest of the Patras variety
was obtained in the fields of Cher-
nihiv region. Yield of the Berehy-
nia variety in Chernihiv region was
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Figure 8. The content of WDV antigens in wheat plants from Kyiv
and Chernihiv regions (July — 2020)
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10.1 t/ha. From the given data it is
clearly visible to what considerable
losses WDV infection leads.

We did not find data on the im-

Figure 9. Electrophoregram of PCR
products with the size of 783 bp of three
Ukrainian WDV isolates with
application of primers to the CP gene:
1 — wheat of the Acter variety
(Vinnytsia region);

2 — negative control;

3 — wheat D-1 (Kyiv region);

4 — wheat of the Producent variety
(Khmelnytsky region);

5 — DNA marker CSL-MDNA-100bp
(Cleaver Scientific)

Figure 10. Influence of WDV on winter
wheat of the Matrix variety (Vinnytsia
region, 2020): a — WDV-infected;

b — moderately affected
and healthy plants

Ne1 (264), 2021

pact of WDV on the wheat harvest
in our country. In 2009, the wheat
dwarf virus was isolated from win-
ter wheat plants in Kyiv and Odesa
regions and a phylogenetic analysis
of three its isolates belonging to dif-
ferent groups was performed [21]. In
2011, WDV was detected on winter
barley and wheat plants in Odesa re-
gion and on wild cereals in Odesa
and Kherson regions [22]. However,
the symptoms of wheat and barley
plants affected by wheat dwarf virus
were not presented in detail and the
actual results of virological studies
were not shown. However, later, for
the last almost ten years, there was
no information about the detection of
the WDV on the territory of Ukraine.
Of importance is the appearance of
dwarf wheat virus in 2020 in as many
as five regions of Ukraine, although
previously it was found mainly in

Figure 11. Influence of WDV on winter
wheat plants of Producent variety
(Khmelnytsky region):

5 — VWDV-infected; 6 — healthy in
the phase of full maturity

Figure 12. Healthy spikes
of winter wheat Akter
(Vinnytsia region, 2020)

Q

Figure 13. Spikes of winter wheat
Akter, infected with WDV (Vinnytsia
region, 2020): a — severely affect-ed;

b — moderately affected
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Figure 14. Grains of winter wheat
variety Akter (Vinnytsia region):
a — from healthy plants; b, ¢ — firom
WDV-infected plants
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Table. Influence of WDV
on wheat yield of Akter variety
(Vinnytsia region, 2020)

. Variants
Productivity -
parameter Healthy | WDV infected
plants plants
Plant height, 635+25| 514+30%
cm
Sl i, 98+06 9.1+05
cm
Number of 24121 212212
spikes, pcs
Number of grains %
per spike, pes 46.5+2.8 142+ 1.5
Weightofgrains | 5,104 | 07+0.1%
per spike, g
moderately
. affected
Weight of 1000 | 4g9421 | 25.4219%
9 "9 severely affected
15.0 +1.1**
Note: the differences are significant at
*P<0.01;**P<0.001

Western Europe (France, Czech
Republic, Slovenia, Sweden, Fin-
land, Bulgaria, Hungary, Romania,
Poland, Spain, Austria, the United
Kingdom and more recently in Esto-
nia), Asia, and Africa. The cause for
the spread of this virus in Ukraine is
probably the intensive reproduction
of cicada vectors, which may be as-
sociated with climate change.

Thus, the periodic variability of
viruses (WSMV or BYDYV) described
by us earlier [38], as well as the ap-
pearance of the little-described WDV
in our country, is obviously closely
related to climate change, both re-
gional and global.

CONCLUSIONS

The results of the agroecologi-
cal monitoring of wheat crops of
different varieties in five regions of
Ukraine in the 2020 season revealed
plants with symptoms of significant
growth stunting, yellowing, streaked
stripes. Wheat dwarf virus antigens
were detected in these plants. The
results of virological studies showed
that 13 analyzed varieties and lines
of winter and spring wheat do not
contain antigens of wheat streak
mosaic virus, barley yellow dwarf vi-
rus, brome mosaic virus and wheat
spindle striped mosaic virus. There
was a significant decrease (more
than twice) in the yield of winter
wheat variety Akter (Vinnytsia re-
gion) when infected with the virus.
Analysis of the elements of produc-
tivity showed that the plants infected
with WDV significantly reduce the
number and weight of grains from a
spike. Wheat dwarf virus can destroy
crops by 100% in some areas of the

fields. Yield reduction depends on
the number of infected plants (virus
prevalence) and the degree of dama-
ge to wheat plants. The obtained re-
sults indicate the need for constant
monitoring and testing of plants for
the presence of wheat dwarf virus in
Ukraine.
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Bipyc kapmMKoBOCTi mmeHmiri

(Wheat dwarfvirus) Ta jioro BIjms
Ha ypoxaii 2020 p. y xesaxkux obmacrsx
Ykpainn

Mera. I[denmudpikysamu 6ipyc, AKuii
CNPUMUHIOE CUMNIMOMU KAPUKOBOCMi ma
HeBUKONIOULYBAHHA NuleHuyi 03umoi (3Hu-
HeHHS abo 6i0CYMHOCMI KOJIOCOYME0PeHHsT),
ma 0ocnioumu 1020 6NAUE HA YPOHATIHICHD
pocnun. Metopu. Bisyanvha diacnocmuxa,

iMyHopepmenmnuil anania 6 moougpikauyii

nooeitinuti cenosiu (DAS-ELISA), nonime-
pasHa nanuio208a peaxuis, OGiomermpuumi,
BUSHAUEHHS YPOKAD ma 1020 cmpyKmypu,
cmamucmuuma 06pobxa Oanux. Pesymbra-
. IIposedeno OocnminceHHs copmis nude-
HUYi o3umoi i3 Binnuyvkoi, XmenvHuuypxoi,
Kuiscvkoi, Yepniciscvkoi ma Yepkacvkoi 06-
acmett i3 CUMNMOMAMU KAPIUKOBOCMI, N0~
HOBMIHHA UCHKIE A HEBUKONOULYB8AHHS.
Memooamu IOA ma ITJIP dosedero, u4o 3a-
X60PI06AHHA CHPUYUHEHE BiPYCOM KAPIUKO-
socmi nuenuyi (Wheat dwarf virus). Ioka-
3aH0 8i0CymHicMp Y 00CTIONYBAHUX 3PAZKAX
sipycy cmyeacmoi mosaixu nuenuui (Wheat
streak mosaic virus), sipycy sxoemoi kapmu-
Kosocmi ssumento (Barley yellow dwarf virus),
sipycy mosaixu 6pomycy (Brome mosaic virus)
ma eipycy eepemeHonodioHoi cmyeacmoi mo-
saiku nuenuyi (Wheat spindle streak mosaic
virus). BcmarnoeneHo, uio 8ipyc KapruxKosoc-
mi nueHuyi Cymmeso 3SHUNYE KinvKicmo
3epen y konoci (y 3,3 pasa), macy 3epe i3 Ko-
nocy (y 3,4 pasza) ma macy 1000 3eper (y 1,9—
3,3 pasa) 3anexcno 6i0 crmynens ypajxceHocmi
pocnun (8i0 NOMIPHO 00 CUNLHO YPAHEHUX).
BucnoBku. Bcmarnosneno uupkynauio 6i-
PyCy KApAuKosocmi nudeHuyi 6 azpoyeHo3ax
n’amu obnacmeti Ykpainu ma cymmesuti He-
2AMUBHUTL 6NIU6 3AX60PIOBAHHS HA yPOHATi-
Hicmb pocnun nuteHuyi o3umoi. Oodepicari
pesynvmamu  cei0uamov npo HeoOXiOHicmb
NOCMILHO20 MOHIMOPUHZY MA Mecry8anHs
POCTUH HA HAABHICMb 6IPYCY KAPAUKOBOCHI
nuieHuyi 6 Yxpaini.

Bipyc KapIUKOBOCTi TIIeHNII;
Wheat dwarf virus; muenuns osuma;
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Bupyc KapIMKoBOCTH IMIIEHNUIIbI
(Wheat dwarf virus) u ero Bnusnue
Ha ypoxkaii 2020 . B HeKOTOPbIX
o6macTax YKkpauHbl

Lens. Moenmugpuyuposamv  8upyc,
KOMOpull 6bl3bl6AE CUMNIMOMYL KAPAUKO-
6ocmu U omcmymcmeue BulKOIAUUBAHUS
(cHusrenue unu omcymcmeue 00paso8anus
KO/IOCbes), UCCnedosamv e20 GRUSHUE HA
yposcatinocme pacmenuti. Metoppl. Busy-
AnvHAS OUALHOCUKA, UMMYHOPePMEHMHbIIL
ananus 6 moouduxauuy 080UHOL CIHOBUY
(DAS-ELISA), nonumepasuasi uenHas peax-
yust, Guomempuyeckue, onpedeseHus ypoxas
U e20 CmpyKmypol, CMAMucmu4eckas 06-
pabomxka dannvix. Pesynprarsl. IIposedeHvl
UCce008aHUe  COPIMO6  NUIEHUUDbL  03UMOTE
u3 Bunnuuyxoti, Xmenvnuuroti, Kuesckotl,
Yeprueosckoii u Yepxacckoii obnacmeii ¢
CUMNMOMAMU KAPTUKOBOCIU, NONE/IMeHUS
JIUCTbES U OMCIYMCINBUS 6bIKONAUUEAHUS.
Memodamu MDA u IIIIP doxasamo, 4mo
3abornesanue 6vi36a1 BUPYC KAPIUKOBOCU
nuenuyvt (Wheat dwarf virus). Iokasano
omcymcmeue 6 UCCIe0yeMblx 00pasyax 6u-
pyca nonocamoii mozauxu nuenuyvl (Wheat
streak mosaic virus), eupyca xenmoil Kapau-
kosocmu stumens (Barley yellow dwarf virus),
supyca mosauxu Opomyca (Brome mosaic
virus) u eupyca éepermerosuoHol N010camoii
mozauxu nuenuyvt (Wheat spindle streak
mosaic virus). Yemaroenero, 4mo eupyc kap-
JIUKOB0CHU NULEHULbL CYULECTNBEHHO CHUNCA-
em Konuvecmaeo 3epet 8 konoce (6 3,3 pasa),
maccy 3eper ¢ xonoca (8 3,4 pasa) u maccy
1000 3epet (6 1,9—3,3 pasa) 6 3asucumocmu
om cmeneHu NOPaMeHHOCMU pacmeHuti, om
YyMepeHHO 00 CUNbHO NOPaXHceHHbIX. BBIBOIBI.
Yemanosnena uupkynsyus supyca Kapauko-
60CMU NULEHUUDL 8 AZPOUEHO3aX NAMU 0071a-
cmetl YkpauHol u cyujecmeeHHoe He2amus-
Hoe 87UsAHUE 3a00/1e8AHUS HA YPOHATIHOCD
pacmenuii nuenuypt osumoti. IlonyuerHvie
pe3ynvmamul céudemenvcmeyom o Heo0xo-
OUMOCMU NOCIOSHHO20 MOHUMOPUH2A U Me-
CUPOBAHUS pacmeHuti Ha HAnUYUe 8UPyca
KApAuKo8OCMUY NueHUlbl 8 YkpauHe.
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