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Abstract

Mishchenko, L. T., Dunich, A. A., Mishchenko, І. А., Petrenkova, V. P., & Mukha, Т. І. (2018). Monitoring of eco-
nomically important wheat viruses under weather conditions change in Ukraine and investigation of seed transmis-
sion of Wheat streak mosaic virus. Bulgarian Journal of Agricultural Science, 24(4), 660–669

WSMV and BYDV are the most harmful and widespread viruses of cereals in all wheat growing areas in the world. Many for-
eign scientifi c reports are devoted to the study of the climate change impact on plants, pathogens and their vectors. But only few of 
them are about cereal viruses. Recently, data about seed transmission of WSMV is appeared. The aim of the study was to research 
the variability of economically important wheat viruses (WSMV and BYDV) in several regions of Ukraine under change of weather 
conditions; and to investigate the ability of Ukrainian WSMV isolates to seed transmission. Long-term monitoring of wheat fi elds 
has shown that the most widespread and economically important in the Poltava, Kharkiv and Kyiv regions are WSMV and BYDV-
PAV. In 2011-2017 it was revealed that BYDV and WSMV are replacing each other from year to year, and cases of co-infection of 
these viruses are not recorded. In 2011, 2013 and 2015 WSMV incidence was 42.4%, 35%, 7%. In contrast, BYDV was detected 
in 1.2%, 1.5% and 0.9 %, respectively. In 2012 and 2014 the frequency of BYDV detection was higher than WSMV (40-41% and 
1-13.6%, respectively). An analysis of dependence of viruses’ circulation in the agrocenoses on weather conditions change is carried 
out. It has been established that the periodic variability of viruses (WSMV or BYDV) is closely related to agroclimatic changes (air 
temperature, rainfall, temperature at soil surface, soil temperature on tillering node depth of winter crops and perennial grasses, and 
soil freezing depth in winter) that affect their host plants, vectors throughout the year and plants reservoirs in the winter, and also 
cause symptoms similar to viral infection. Decrease of viral infection of wheat and obtaining more stable gross harvest of grain and 
yield in recent years is substantiated. This is due to the creation of new wheat cultivars, adapted to negative biotic/abiotic factors and 
modifying the sowing dates to later ones. It has been experimentally proved that the Poltava isolate of WSMV is not seed-transmitted. 
Even if contamination of seeds with WSMV is possible, the frequency of such cases is insignifi cant and, as we think, does not play 
an important role in the epidemiology of this wheat virus in Ukraine.
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Abbreviations: WSMV – Wheat streak mosaic virus, BYDV – Barley yellow dwarf virus, ELISA – enzyme-linked 
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Introduction

Grain crops, the main among which is winter wheat, that 
occupy an area of   over 6 million hectares, are crucial in en-
suring the food program of Ukraine. The value of this cul-
ture for the national economy of our country is diffi cult to 
overestimate, but its yield over the past 10 years is only 3.3 
t/ha. This is much lower than the genetically-potential pro-
ductivity of domestic cultivars. The analysis of the annual 
volumes of gross wheat grain (Fig. 1) shows its irregularity, 
since wheat yields over the years were in the range of 1-4 t/
ha. In particular, in 2000 and 2007 it was 2 t/ha, in 2001 and 
2002  – 3 t/ha, in 2003 – 1 t/ha, in 2004-2006 and 2009 – 
2013 – 3 t/ha, in 2008 and 2014-2016 – 4 t/ha.

Relative reduction of gross production was noted in 2000, 
2006-2007, 2010 and in 2012. Thus, all the most signifi cant 
shortcomings of wheat grain correlate with weather conditions. 
The biggest “failure” was in 2003, since it was frosty winter and 
long ice crust. Also a noticeable decrease in 2006-2007 and 2012 
was registered owing to signifi cant water defi cit in September-
October 2005 and 2011, which led to substantial shortcomings 
of winter wheat grain and as a consequence to fi nancial losses. 
Analyzing our long-term monitoring observations of wheat vi-
ral infections, it can be confi dently stated that the productivity 
of winter wheat depends on climate change that affects both the 
host and the virus vectors (Mishchenko, 2009; Mishchenko et al., 
2013). In particular, in the Poltava region, as the most studied for 
viral infections of wheat, one can make correlations or patterns of 
winter wheat crop decline in 2000, 2006-2007, 2010, and 2012. 

Exactly in these years we have observed the highest percent of 
WSMV and BYDV infection on wheat plants (20-42%). So, in 
2000 and 2010 wheat yield was 1.22 and 2.61 tons per hectare, 
respectively.

It is known that viral diseases can cause signifi cantly 
yield losses of wheat – up to 60% (Mishchenko, 2009) and 
in some cases – up to 100% (Edwards and McMullen, 1987; 
Sahragard et al., 2010) even under favorable growing condi-
tions. Viral pathogens not only affects grain yield (Byamu-
kama et al., 2016), but also signifi cantly deteriorate its qual-
ity by reducing the protein and gluten content (Reshetnyk 
et al., 1996; Mishchenko, 2009). Wheat streak mosaic virus 
(WSMV) is one of the factors of fi rst (lethal) type of the 
effect on the winter wheat yield (Rabenstein et al., 2002), 
which is the most spread and found in various US states and 
Canada (Hunger, 2010). Also, this pathogen is detected in 
Russia, Argentina, Australia, Brazil, and Turkey. In Europe, 
WSMV was found in Romania, Austria, Czech Republic, 
France, Hungary, Italy, Poland, Slovakia, and Ukraine. In 
Lithuania and Germany, this virus was fi rst detected only in 
2013 (Schubert et al., 2015; Urbanavičienė et al., 2015). In 
recent years, not only the number and prevalence of cereal 
viruses have increased expressively, but also their economic 
signifi cance (Spaar et al., 2006; 2008). Barley yellow dwarf 
virus (BYDV) causes widespread and harmful cereal diseas-
es in all wheat growing areas in the world, including Ukraine 
– BYDV-PAV (Mishchenko, 2009). In addition, the virus in 
recent years is found in Brazil and Azerbaijan (Mar et al., 
2013; Mustafayev et al., 2013).

Fig. 1. Wheat area harvested and production in Ukraine during 2000-2016 years
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Nowadays, considerable attention in the studies is paid to 
the relation between the level of crop losses caused by plant 
pathogens and climate change. Changes related to global 
warming (i.e., increased temperatures, changes in the quan-
tity and pattern of precipitation, increased CO2 and ozone 
levels, drought, etc.) affect the occurrence, prevalence, 
harmfulness of viral plant diseases and impact on the fur-
ther co-evolution of plants and their pathogens, leading to 
changes in species composition of the viruses in a particular 
region, the emergence of differences in the properties of vi-
ruses’ isolates and appearance of epiphytoties (Habekuß et 
al., 2009; Jones, 2009; Ruszkowska et al., 2010). But only 
few data are about cereal viruses (Thackray et al., 2009; 
Trębicki et al., 2015; Trębicki et al., 2017).  It should be not-
ed that these pathogens are transmitted by vectors: BYDV– 
by aphids, WSMV – by Aceria mites. In this regard, climate 
changes may indirectly affect the intensity and prevalence of 
WSMV and BYDV diseases due to the effect on the repro-
duction/survival of their vectors.

 Viral diseases of wheat are a long-standing and, at the 
same time, a new subject that have paying attention of sci-
entists from many countries for many years. As there have 
been years in the last century, when winter wheat fi elds 
in the Krasnodar region were plowed due to a signifi cant 
defeat of viruses (Panarin, 1985). It should be noted that 
in Ukraine attention is paid to the study of wheat viruses, 
in particular, WMSV, which resulted in the PhD disserta-
tions at the Danylo Zabolotny Institute of Microbiology 
and Virology of National Academy of Science of Ukraine 
by A. M. Oliynyk in 1968 and by Zh. P. Shevchenko at 
the Ukrainian agricultural academy in 1972. Even then, 
after careful studying of the biological characteristics of 
the pathogen, it was noted that WSMV is not transmitted 
through seeds. 

However, later the data of Australian scientists was pub-
lished, which proved the WSMV seed transmission. In 2004, 
seed of 300 different wheat genotypes from an International 
Maize and Wheat Improvement Center, Mexico (CIMMYT) 
breeding collection were sown in a quarantine glasshouse. 
Some of the seedlings developed symptoms of leaf mosaic, 
streaking and distortion, and plant stunting. WSMV was de-
tected in these seedlings by ELISA and RT-PCR. Seed trans-
mission of WSMV was shown in eight different wheat geno-
types at rates of 0.2-0.5 and 1.5% for some genotypes (Jones 
et al., 2005; Lanoiselet et al., 2008).

That’s why the aim of the study was to research the vari-
ability of economically important wheat viruses (WSMV and 
BYDV) in several regions of Ukraine under weather change 
conditions; and to investigate ability of Ukrainian WSMV 
isolates to seed transmission.

Materials and Methods

Inspection of winter wheat and barley fi elds in Kyiv, 
Kharkiv and Poltava regions was carried out by visual di-
agnostics method (Peresypkin et al., 2000). All over 50 cul-
tivars of cereals were used in the study: Donska napivkar-
lykova, Ukrayinka poltavska, Smuglyanka, Shestopalivka, 
Rozkishna, Vasylyna, Russia, Bogdana, Chaika, Poltavchan-
ka, Vilshana etc. 

Identifi cation of the viruses in sap of wheat leaves was 
performed by DAS-ELISA. Specifi c antibodies against 
WSMV and BYDV-PAV (Loewe, Germany) were used. 
Antigen samples were prepared by grinding of leaf tissue in 
PBS-buffer pH 7.4 in ratio 1:2 (w/V). Leaf samples from 
healthy plants were also included as negative controls. The 
results were recorded on Termo Labsystems Opsis MR reader 
(USA) with Dynex Revelation Quicklink software at wave-
lengths of 405 nm. Samples were considered positive when 
their absorbance values at 405 nm were at least three times 
higher than those of negative controls (Crowther, 1995). 

Total RNA was extracted from fresh leaves using Ge-
nomic DNA purifi cation kit (Thermo Scientifi c, USA) fol-
lowing the manufacturer’s instructions. RNA was separated 
on a 1.5% agarose gel, stained with 0.5 mkg/ml ethidium 
bromide.

RT-PCR was performed by using thermocycler «Ge-
neAmp 2400» (Applied Biosystems, USA). Specifi c oli-
gonucleotide primers to the part of CP gene were used: 
BYDV1 (5’CCGGCGCTATCTTTATTGAA3’), BYDV2 
(5’CCATTGGCCTTGTAGAGCAT3’) and WSMV1 
(5’TGCGGAACTTATCGACAACA3’), WSMV2 (5’AAT-
CACACGCTGCCACAATA3’). DNA products 178 bp and 
404 bp were amplifi ed, respectively. The temperature regime 
for amplifi cation reactions was as follows: initial denatur-
ation for 5 min at 95°C, followed by 30 cycles of 95°C for 
30 seconds, 60°C for 30 seconds, and 72°C for 30 seconds. 
The fi nal extension was at 72°C for 10 min.  PCR products 
were separated on a 1.5% agarose gel with DNA markers 
GeneRuler™ 100bp DNA Ladder Plus (SM0321, Thermo 
Scientifi c, USA), stained with ethidium bromide, and visual-
ized under UV light. 

Wheat seeds (300 pcs), collected from twenty WSMV-
infected plants cv. Donska napivkarlykova, were treated 
with 1% potassium permanganate for 30 min, followed by 
rinsing in water. Seeds were sprouted in Petri dishes with 
wet cameras. Planting the seedlings into pots with the sterile 
soil under vector-free greenhouse conditions (temperature 
24-25°С, illumination of 8-10 thousands lux).  When plants 
grew up to stage of 3-4 leaves, the total number of grown 
plants was counted. Than wheat plants were inspected for 
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viral symptoms. Plants were tested on the WSMV by ELISA 
and TEM. 

Percent of virus seed transmission (ST) was calculated 
using the formula: 

ST = (n × 100)/N, 

where
n – number of virus infected plants (confi rmed with 

symptomatology, ELISA, TEM), pcs;
N – total number of plants grown from virus infected 

seeds under controlled conditions of protected soil, pcs (Al-
brechtsen, 2006).

Statistical analysis of experimental data was carried out 
according to parametric criteria of normal distribution op-
tion, standard deviation of mean values – according to the 
generally accepted method using Microsoft Excel computer 
programs.

Results and Discussion

During long-term monitoring studies (more than 30 years) of 
winter wheat affecting with viral diseases, we found that wheat 
in Ukraine is infected with six viruses: Wheat streak mosaic vi-
rus (WSMV), Winter wheat Russian mosaic virus (WWRMV), 
Barley yellow mosaic virus (BYDV), Brome streak mosaic vi-
rus (BStMV), Brome mosaic virus (BMV), Barley stripe mo-
saic virus (BSMV). Poltava isolate of the WSMV has been 
studied in detail (Mishchenko, 2009). However, WSMV and 
BYDV-PAV are the main viruses circulating in the Kyiv, Pol-
tava and Kharkiv regions. Symptoms of the most common and 
investigated WSMV and BYDV are presented at Figure 2.

Long-term monitoring of wheat fi elds (2011-2017) and 
results of viruses detection by serological and molecular 
methods was revealed that BYDV and WSMV are replacing 
each other from year to year, and cases of co-infection of 
these viruses are not recorded (Fig. 3).

In 2011, 2013 and 2015 WSMV prevailed in the in-
spected regions (Kyiv, Poltava, Kharkiv), and BYDV was 
detected only in 1.2%, 1.5% and 0.9% from all plants with 
viral symptoms, respectively. In contrast, in 2012 and 2014 
the frequency of BYDV detection was signifi cantly higher 
than WSMV (40-41% and 1-13.6%, respectively).

ELISA resulted were confi rmed by RT-PCR. RT-PCR 
showed the presence of amplifi cation products 178 bp that 
testifi es about BYDV infection of wheat cv. Sherstopalivka 
(Poltava region). In the wheat cv. Smuglyanka WSMV was 
identifi ed (amplifi cation products 404 bp were observed) 
(Fig. 4).

Weather conditions. It is known that the composition of 
phytopathogenic complex (fungal, bacterial and viral diseas-
es) of wheat depends on the weather conditions that occur 
on the eve of crop sowing and during the growing season 
(Petrenkova et al., 2008; Petrenkova et al., 2016a, 2016b). 
Manifestations of viral diseases can be observed annually 
under any weather conditions, but outbreaks occur peri-
odically because of massive reproduction of insect-vectors 

Fig. 2. Virus induced symptoms on wheat plants: а – WSMV-infection, cv. Donska napivkarlykova, stem extension, 
May 2007; b – WSMV-infection, Smuglyanka, May 2013;  c – BYDV-infection, cv. Podolyanka, 2008, Kyiv region; 

d – BYDV-infection, cv. Russia, Poltava region, May 25, 2012  

а) b) c) d)

Fig. 3. Results of the testing of wheat plants infection 
with WSMV and BYDV-PAV by ELISA (2011-2017)   



664 Lidiya T. Mishchenko, Alina A. Dunich, Ivan А. Mishchenko, Vira P. Petrenkova, and Tetyana І. Mukha

and their prolonged nutrition on plants under conditions of 
warm prolonged autumn periods. Since, BYDV and WSMV 
are transmitted by vectors (aphids and microscopic mites, 
respectively); climate change can indirectly affect their in-
tensity and prevalence by effecting the reproduction/over-
wintering of their vectors.

In this regard, we analyzed the dependence of the virus 
circulation on agroclimatic conditions in agrocenosis (for 
example, Poltava region). The main vector of WSMV is the 
mite Aceria tritici, and for BYDV it is a several aphid spe-
cies. It is known that the dynamics of increase in aphids and 
mites number is determined predominantly by hydrothermal 
conditions, which signifi cantly affect the cycle of insects 
development. Cool and rainy weather in summer limits the 
propagation of aphids, and the hot and dry weather contrib-
utes to their earlier appearance on plants (Bowen and Burch, 
2001). Thus, air temperature and rainfall data was analyzed 
in our study. 

Generalized meteorological and monitoring data clearly 
show that in 2011, 2013, 2015 frequency of BYDV was on 
low level that correlates with weather conditions. So, in 
March and June which are potentially favorable period for 
the aphids propagation signifi cant increase in the rainfall 
amount was noted (Fig. 5). As shown in Figure 5, frequency 
and intensity of rainfall infl uence the BYDV epidemiology. 
Conversely, in years with a more arid spring-summer (2012, 
2014) BYDV prevailed in this agrocenosis.

Since one of the stages of the life cycle both wheat mite 
and aphids – vectors of WSMV and BYVD, respectively, is 
their overwintering on wheat/winter crops/various perennial 
grasses, we had also analyzed: temperature at soil surface, 
temperature on tillering node depth of winter crops and pe-
rennial grasses, and maximum soil freezing depth in winter 
(Table 1). It was established that under more severe winter 
conditions, in comparison with the last year in the agroce-
nosis, BYDV circulates, and WSMV is almost not detected. 
For example, in 2012 the average air monthly temperature 
in February is much lower in comparison with previously 
year. In 2012 average monthly temperature at soil surface 
and minimum soil temperature on tillering node depth of 

Fig. 4. Electrophoregram of RT-PCR products for BYDV detection (1-4) and WSMV (5-8) in winter wheat plants: 
1, 5 – cv. Smuglyanka; 2, 6 – cv. Rozkishna; 3, 7 – cv. Sherstopalivka; 4 – negative control, BYDV; 8 – negative control, 

WSMV; М – DNA markers (100 bp)

Fig. 5. Monthly rainfall data, March-November 
2011-2017, Poltava region
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winter crops and perennial grasses were signifi cantly lower; 
and maximum soil freezing depth was higher. This may be 
due to the fact that such conditions are unfavorable to the 
mite and/or its plant reservoirs.

In contrast, in 2011, 2013 and 2015, winter was signifi -
cantly warmer and softer than before. As can be seen from 
the Table 1, in February 2013, the average monthly tempera-
ture at soil surface and average air monthly temperature were 
considerably higher than parameters of 2012. Moreover, 
maximum soil freezing depth in February 2013 was sig-
nifi cantly lower, and minimum soil temperature on tillering 
node depth of winter crops in January-February 2013 was 
higher, that contributed to the reproduction of WSMV vector 
Aceria tritici (Table 1).

Earlier, we have revealed that often the adaptive reaction 
of the plant to the action of environmental factors is similar 
to the symptoms caused by viral infection of the plant organ-
ism. It was shown that the reason of appearance of “purple-
yellow” and “purple” leaves symptoms on winter wheat is 
not BYDV but are changes of carbohydrate balance. Our 
previously studies showed that BYDV usually cause red-
ding of oat leaves that is indicator plant for BYDV infec-
tion (Mishchenko, 2009; Reshetnyk, 2010). The analysis of 

temperature indexes that characterize terms of overwintering 
and vegetation of winter wheat showed that in May (phase 
of beginning of plants earing) high plus temperatures during 
the day changed on low temperatures at night. Such weather 
conditions caused the appearance of such symptoms on the 
plants but not BYDV (Mishchenko et al., 2013).

A similar phenomenon is noted also this year (spring-
summer 2017). Yellowing and reddening of the winter wheat 
and oat leaves were revealed under optimal agrotechnical 
conditions of cultivation (cv. Smuglyanka and oat cv. Nep-
tun, Poltava region, and wheat in Kharkiv region) (Fig. 6).

It was investigated that these symptoms were induced not 
by BYDV and WSMV. Such symptoms were caused by sig-
nifi cantly temperature difference in May. So, May 11, 2017, 
the night temperature was -3°С, in contrast the day tempera-
ture was +20-22°С. So, temperature difference was over 25°С. 
We continue to study the effect of temperature difference (cold 
stress) on grain cereal crops and vectors of the viruses.

Investigation of WSMV seed transmission. Many spe-
cies of viruses are known to occur in seeds harvested from 
infected plants without being transmitted to the offspring, 
i.e. they are seed-borne but not seed-transmitted. As a rule, 

Table 1
Meteorological data, 2011-2017, Poltava region
Data           year

month
2011 2012 2013 2014 2015 2016 2017

Average air monthly 
temperature, ºС

December -1,0 - 3,9 -1,0 -2,1 -2,7 -0,6 -----
January -4,9 - 3,5 -2,9 -4,0 -1,4 -4,9 -4,9
February -4,5 - 12,4 0,4 -0,2 -1,8 -4,5 -4,5
March 1,5 0,7 1,3 7,0 5,2 0,5 0,5
April 10,5 14,1 11,9 11,2 10,1 8,9 8,9
May 18,3 20,7 21,9 19,7 17,6 15,9 15,9
June 24,1 22,9 24,1 20,5 21,0 19,5 19,5
July 21,8 25,4 22,5 24,1 22,8 21,0 21,0
August 23,7 23,0 22,2 24,0 23,0 19,8 19,8
September 17,2 18,3 13,5 16,8 13,6 16,5 18,1
October 9,0 12,2 9,2 7,9 7,6 7,1 9,5
November 2,1 5,0 6,5 2,1 4,9 1,6 -----

Maximum soil freezing depth, 
cm

December 17,0 20,0 20,0 42,0 18,0 25,0 -----
January 14,5 19,0 19,0 37,0 20,5 43,0 31,0
February 26,0 43,0 16,0 47,0 23,0 24,0 37,0

Average monthly temperature 
at soil surface, ºС

December - 1,0 -1,0 -1,0 -2,3 – 0,5 -1,8 -----
January -3,5 - 2,5 -1,5 -3,0 -1,6 -4,6 -4,3
February 0,5 - 8,4 0,5 -0,5 -1,3 0,6 -2,2

Minimum soil temperature on 
tillering node depth of winter 
crops and perennial grasses 
(5 cm), ºС

December - 1,0 -3,5 -2,0 -6,5 -3,5 -5,5 -----
January -3,5 -3,4 -2,5 -14,5 -7,0 -7,5 -5,5
February -7,5 -10,0 -2,0 -16,0 -4,5 -3,0 -5,5
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only those able to infect the embryo are seed-transmissible to 
the next generation. A notable exception is some members of 
the genus Tobamovirus that do not enter the embryo, but are 
stable enough to survive in or on seeds and from there infect 
the offspring. It should be noted that embryo-transmissible 
viruses can also occur in an inactivated state in seed parts 
outside the embryo, e.g. endosperm and testa of seeds, both 
with and without embryo infection.

This phenomenon has an important bearing on seed-
health testing, because inactivated (non-infectious) vi-
ruses are readily detectable by serological and molecular 
methods. Testing of whole seeds by these methods can, 
therefore, lead to a great overestimation of the seed trans-
mission rate. That is why, to determine the seed transmis-
sion rate of a virus, applied the ”growing-on test” which 
detects a virus that can transmitted from seed to plant (Al-
brechtsen, 2006).

One of the important elements of the plant viruses’ di-
agnostics is the establishment of pathways for transmission 
of the pathogen. It is known that WSMV is transmitted by 
mechanical inoculation and vectors, and in relation to its dis-
tribution via seeds – the data are contradictory. So, Oliynyk 
(1968), Razvyazkina (1975), Mishchenko (2009) claimed 
that WSMV was not transmitted through seeds. Our previous 
studies (back in 2006-2008) confi rmed the assumption that 
there was no seed transmission of WSMV (Reshetnyk, 2010; 
Petrenkova et al., 2016b). Subsequently, in the scientifi c 
literature, there were reports about the possibility of seed 
transmission of WSMV that lead to the epidemic level of the 
disease spreading (Spaar et al., 2006, 2008). These data, as 
some scientists believe, need to review the question about 
WSMV epidemiology and its distribution with the seed ma-
terial and material of the genebanks.

Taking into account the reports of individual scientists, 
to confi rm the presence of such pathway infection, we have 
carried out special studies in natural agrocenoses and in con-
trolled conditions with the previously described Poltava iso-
late of the WSMV. For this, seeds of infected winter wheat 
cv. Donska napivkarlykova were sown on experimental fi eld, 
under laboratory conditions (greenhouse) and climatic cam-
era. Young plants of a new reproduction were investigated 
by ELISA methods. However, in any case, WSMV antigens 
were not detected (Table 2).

The TEM and ELISA data are confi rmed by the absence 
of visual symptoms of WSMV in wheat plants. It has been 
established that grain and leaves of new reproduction wheat 
cv. Donska napivkarlykova did not contain WSMV antigens, 
and, therefore, the virus is not transmitted via seeds. Simi-
lar data we obtained earlier with spring wheat cv. Apogee 
(Mishchenko, 2009). It should be emphasized that during the 
30 years we have never found WSMV in grain (20 wheat 
cultivars have been tested). Even if contamination of seeds 

а) b) c) d) e)

Fig. 6. Plants with symptoms caused by temperature difference in May: а, b – oat, c – wheat cv. Smuglyanka, 
Poltava region; d, e – wheat, Kharkiv region; samples collected in heading stage, June 16, 2017  

Table 2
Content of WSMV antigens (investigation of seed trans-
mission)
Sample Extinction, 405/630 nm
Negative control 0,032±0,010 
Positive control 0,783±0,010 
Field wheat plants with WSMV symptoms
Leaves 0,830±0,013 
Seed 0,033±0,012 
Wheat plants of new reproduction
Leaves 0,050±0,010 
Grain of new yield 0,035±0,012  
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with WSMV is possible, the frequency of such cases is insig-
nifi cant and, as we think, does not play an important role in 
the epidemiology of this wheat virus in Ukraine.

In the autumn of 2017, we inspected winter wheat crops 
in several growing regions of Ukraine: Poltava, Kyiv and 
Kharkiv. Due to the dry autumn (the amount of precipitation 
was much lower than the average indicators for many years), 
the sowing dates were shifted by the end of September – the 
beginning of October (Fig. 5). So, on Oct 30th wheat plants 
cv. Zabava, Sagaydak, Poltavchanka and Smuglyanka were 
only in the phase of one or two leaves, but no symptoms of 
viral infection were noted (Fig. 7). 

In the Kyiv region the inspection was conducted on No-
vember 1st. Sowing date in this region was September 27th. 
Any viral symptoms or other pathogens were observed for 
wheat cv. Oberig Myronivskyi, Gorlytcya Myronivska (pre-
cursor was mustard) and cv. Vyshyvanka, Knyazhna, Valen-
siya, Vezha Myronivska (pea as precursor) of selection of 
Myronivka Institute of wheat of NAAS of Ukraine.  Same 
resulted were obtained after inspection of 12 wheat cultivars 
in 2 leaves stage in Kharkiv region on November 3 (Rozk-
ishna, Fermerka, Doskonala, Zapashna, Pryvitna, Doridna, 
Pryvablyva, Gordovyta, etc.) – no viruses were detected. 
The plants were tested by ELISA. Antigens of WSMV and 
BYDV were not detected. Consequently, if the seed trans-
mission of the previously investigated Poltava isolate of the 
WSMV (Mishchenko, 2009) was possible, then of course, 
we would be able to see the symptoms of viral infection on 
some of the fi elds.  

We did not observe the symptoms of viral damage, 
because the cool weather caused unfavorable conditions 
for both the growth and the development of winter (late 
winter wheat seedlings) and for vectors, which we have 
not seen in the cool autumn period in 2017. We have pre-
viously installed (Mishchenko, 2009; Mishchenko et al., 
2014) that late sowing dates reduces the risk of infecting 
of winter wheat plants with viruses. Similar data were 
obtained by researchers from other countries (Aghnoum 
et al., 2017; Ranabhat et al., 2017). Such results are due 
to the fact that early sowing in autumn plant development 
occurs at elevated temperatures. In this case, the period 
from the seedlings appearance to the beginning of plant 
wintering and the period of possible damage by the vi-
rus significantly increase, as the vectors are in an active 
state, the number of which in such conditions is close 
to the maximum. That’s why in 2014-2016 we revealed 
much less virus infected winter wheat plants (Fig. 2) and  
the yields was 4.40-4.43 t/ha in Poltava region, that is 
higher on 0.43 t/ha than the average yields for all over 
Ukraine. The same tendency was observed for wheat area 
harvested and production for all over Ukraine in these 
years (Fig. 1).

Conclusions

Thus, long-term monitoring of wheat fi elds has shown 
that the most widespread and economically important are 
WSMV and BYDV-PAV. Since 1986, the irregularity of 
their circulation in the years of observations has been re-
vealed. It is shown that a signifi cant decrease in winter 
wheat yield under the infl uence of BYDV and WSMV 
leads to economic losses.

Resistance of individual wheat cultivars (Chayka, Fer-
merka, Zapashna, Rozkishna in comparison with Donska 
napivkarlykova etc.) to WSMV under same fi eld cultiva-
tion conditions is shown. Decrease of viral infection of 
wheat and obtaining of a more stable gross harvest of 
grain and yield in recent years is substantiated. This is due 
to the creation of new wheat cultivars, adapted to negative 
biotic/abiotic factors, and modifying the sowing dates to 
later ones that was always our recommendations. Periodic 
variability of viruses (WSMV or BYDV) is closely related 
to agroclimatic changes both regional and global. 

It has been experimentally proved that the Poltava iso-
late of WSMV is not seed-transmitted. Even if contami-
nation of seeds with WSMV is possible, the frequency of 
such cases is insignifi cant and, as we think, does not play 
an important role in the epidemiology of this wheat virus 
in Ukraine. 

Fig. 7. Healthy winter wheat seedlings cv. Poltavchanka 
in conditions of local agroecological monitoring, Poltava 

region, October 30, 2017



668 Lidiya T. Mishchenko, Alina A. Dunich, Ivan А. Mishchenko, Vira P. Petrenkova, and Tetyana І. Mukha

References

Aghnoum, R., Nazeri, M., Moayedi, A. A., & Kouhestani, B. 
(2017). Effect of sowing date on occurrence and severity of 
Barley yellow dwarf virus (BYDV) in different wheat culti-
vars. Scientifi c Papers. Series A. Agronomy, LX: 191-196.

Albrechtsen, S. E. (2006). Testing methods for seed-transmitted 
viruses: principles and protocols. CABI Publishing.

Bowen, K. L., & Burch, K. (2001). Infl uence of weather on 
barley yellow dwarf severity and yields of wheat in Alabama. 
Phytopathology, 91, S10.

Byamukama, E., Wegulo, S., Yabwalo, D., & Langham, M. 
A. C. (2016). Impact of Wheat streak mosaic virus on wheat 
production in the northern Great Plains region of the United 
States: A review. In: Proceedings of the 13th International 
Plant Virus Epidemiology Symposium, Avignon, France, 6- 
10 June, 2016, pp. 72.

Crowther, J. R. (1995). ELISA: Theory and practice (Vol. 42). 
Springer Science & Business Media.

Edwards, M. C., & McMullen, M. P. (1987). Effects of wheat 
streak mosaic virus infection on fi fteen hard red spring wheat 
cultivars. North Dakota Farm Research, 44(6), 6-7.

Habekuß, A., Riedel, C., Schliephake, E., & Ordon, F. 
(2009). Breeding for resistance to insect-transmitted viruses 
in barley – an emerging challenge due to global warming. 
Journal für Kulturpfl anzen, 61(2), 53-61.

Hunger, R. L. (2010). Wheat streak mosaic virus. In: Compen-
dium of wheat diseases and pests, 3rd ed., APS Press, St. 
Paul, pp. 115-117. 

Jones, R. A. (2009). Plant virus emergence and evolution: ori-
gins, new encounter scenarios, factors driving emergence, 
effects of changing world conditions, and prospects for con-
trol. Virus Research, 141(2), 113-130.

Jones, R. A., Coutts, B. A., Mackie, A. E., & Dwyer, G. I. 
(2005). Seed transmission of Wheat streak mosaic virus 
shown unequivocally in wheat. Plant Disease, 89(10), 1048-
1050.

Lanoiselet, V. M., Hind-Lanoiselet, T. L., & Murray, G. M. 
(2008). Studies on the seed transmission of Wheat streak 
mosaic virus. Australasian Plant Pathology, 37(6), 584-588.

Mar, T. B., Lau, D., Schons, J., Yamazaki-Lau, E., & Nhani 
Jr, A. (2013). Molecular identifi cation based on coat protein 
sequences of the Barley yellow dwarf virus from Brazil. Sci-
entia Agricola, 70(6), 428-434.

Mishchenko, L. T. (2009). Viral diseases of winter wheat. Phy-
tosociocentr, Кyiv (Ukr).

Mishchenko, L. T., Antipov, О. І., Dunich, A. A., & Gryn-
chuk, K. V. (2014). Wheat streak mosaic virus and Barley 
yellow dwarf virus in Forest-Steppe and Steppe of Ukraine. 
Karantyn i zahyst Roslyn=Quarantine and Plant Protection, 
2, 4-8 (Ukr).

Mishchenko, L. T., Dunich, A. A., Reshetnik, G. V., & 
Polischuk, V. P. (2013). Impact of extreme weather con-
ditions on the infection of gramineous with viruses and 
manifestation of the diseases symptoms. Karantyn i zahyst 
Roslyn=Quarantine and Plant Protection, 3, 2-5 (Ukr). 

Mustafayev, E. S., Svanella-Dumas, L., Kumari, S. G., 
Akparov, Z. I., & Candresse, T. (2013). First Report of 
Barley yellow dwarf virus and Cereal yellow dwarf virus 
Affecting Cereal Crops in Azerbaijan. Plant Disease, 97(6), 
849-849.

Oliynyk, A. N. (1968).Wheat streak mosaic in Ukraine. PhD 
Thesis, Kyiv, Ukraine (Ru).

Panarin, I. V. (1985). Protection of cereals against viral dis-
eases. Rosselhozizdat, Moscow, 79 pp. (Ru).

Peresypkin, V. F., Markov, I. L., & Shelestova, V. S. (2000). 
Workshop on the basics of research in plant protection. Na-
tional Agrarian University, Кyiv, 179 pp. (Ukr).

Petrenkova, V. P., Luchnaya, I .S., & Borovskaya, I. Yu. 
(2016a). Ependence of phytosanitary condition of winter 
wheat crops on weather conditions. Visnyk Tsentru nauk. za-
bezp. APV Kharkiv obl.=Bulletin of the Center for Science 
Provision of Agribusiness in the Kharkiv region, 20, 60-68 
(Ukr).

Petrenkova, V., Luchna, I., Oleynikov, Ye. & Mishchen-
ko, L. (2016b). Pre  dominant virus diseases of earstem 
grasses in conditions of east forest-steppe. Visnyk agrar. 
nauku=Вulletin of Agricultural Science, 6, 11-15 (Ukr).

Petrenkova, V.P., Ryabchun N.I. & I.M. Chernyayeva, 2008. 
Viral diseases of winter wheat in East Forest-Steppe. Vis-
nyk agrar. nauku=Вulletin of Agricultural Science, 4, 32-36 
(Ukr).

Rabenstein, F., Seifers, D. L., Schubert, J., French, R., & 
Stenger, D. C. (2002). Phylogenetic relationships, strain 
diversity and biogeography of tritimoviruses. Journal of 
General Virology, 83(4), 895-906.

Ranabhat, N. B., Seipel, T., Lehnhoff, E. A., Miller, Z. J., 
Owen, K. E., Menalled, F. D., & Burrows, M. E. (2018). 
Temperature and alternative hosts infl uence Aceria tosichella 
infestation and Wheat streak mosaic virus infection. Plant 
Disease, 102(3), 546-551.

Razvyazkina, G. M. (1975). Viral diseases of cereal crops. 
Nauka, Novosibirsk, (Ru).

Reshetnyk, G. V. (2010).  Diagnostics of wheat viral diseases 
under abiotic factors. PhD Thesis, Kyiv, Taras Shevchenko 
National University of Kyiv, Ukraine (Ukr). 

Reshetnyk, G.V., Mishchenko, L. T., Boyko, A. L., & Kole-
snyk, L. V. (1996). Detection of Wheat streak mosaic vi-
rus in some regions of Ukraine. Mikrobiologichniy Zhurnal, 
58(2), 39-45 (Ukr).

Ruszkowska, M., Lipa, J. J., Walczak, F., & Wójtowicz, 
A. (2010). Current and future crop protection problems 
in Poland in a changing climate. In: Climate change and 
Agricultural production in the Baltic Sea region. Focus on 
effects, vulnerability and adaptation. Nordic Association of 
Agricultural Scientists (NJF), NJF Report, 6(1): 63-64.

Sahragard, N., Izadpanah, K., Babaee, G., Eshaghe, R., 
Afsharifar, A. R., & Masumi, M. (2010). Integrated 
management of viral diseases of winter wheat in Chahar 
Mahal va Bakhtiari province. Iranian Journal of Plant 
Pathology, 46(2), 43-45.

Schubert, J., Ziegler, A., & Rabenstein, F. (2015). First 
detection of wheat streak mosaic virus in Germany: 



669Monitoring of economically important wheat viruses under weather conditions change in Ukraine...

molecular and biological characteristics. Archives of Virol-
ogy, 160(7), 1761-1766.

Spaar, D., Ordon, F., Rabenstein, F., Habekuß, A., Schlie-
phake, E. & Schubert, J. (2008). Economic signifi cance 
and incidence of cereal viruses in Germany and possibilities 
to avoid virus caused yield losses. Vestnik zascity rastenii = 
Plant Protection News, 1(1), 14-26 (Ru).

Spaar, D., Rabenstein, F., Kastirr, U., & Khabekus, A. 
(2006). Viral diseases in the severe treat to the growing of 
grain crops in Europe. Vestsi Nat siyanalnai Akademii Navuk 
Belarusi=Proceedings of the National Academy of Sciences 
of Belarus, Series of Agrarian Sciences, 3, 60-70 (Ru).

Thackray, D. J., Diggle, A. J., & Jones, R. A. C. (2009). 
BYDV predictor: a simulation model to predict aphid 
arrival, epidemics of Barley yellow dwarf virus and yield 

losses in wheat crops in a Mediterranean-type environment. 
Plant Pathology, 58(1), 186-202.

Trębicki, P., Nancarrow, N., Bosque-Pérez, N. A., Rodoni, 
B., Aftab, M., Freeman, A., Yen, A. & Fitzgerald, G. J. 
(2017). Virus incidence in wheat increases under elevated 
CO2: A 4-year study of yellow dwarf viruses from a free air 
carbon dioxide facility. Virus Research, 241, 137-144.

Trębicki, P., Nancarrow, N., Cole, E., Bosque-Pérez, N. A., 
Constable, F. E., Freeman, A. J., 

Rodoni, B., Yen, A. L., Luck, J. E., & Fitzgerald, G. J. (2015). 
Virus disease in wheat predicted to increase with a changing 
climate. Global Change Biology, 21(9), 3511-3519.

Urbanavičienė, L., Šneideris, D., & Žižytė, M. (2015). Wheat 
streak mosaic virus detected in winter wheat in Lithuania. 
Zemdirbyste-Agriculture, 102(1), 111-114.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


