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MIXED VIRAL INFECTIONS IN VEGETABLES IN UKRAINE

Aim. Screening of vegetable crops for mixed viral infections caused by 8 viruses, and evaluation of relative share for different
combinations of pathogens using serological methods for plant virus diagnostics.Methods.Double-antibody sandwich enzyme-
linked immunosorbent assay (DAS-ELISA) was performed for detection of viral antigens.Results.For this study, the samples from
plants with virus-like symptoms were collected from the agroecosystems in 4 regions of Ukraine during three vegetative seasons
in 2019-2021. Plant samples were tested for presence of the following viruses: cucumber mosaic virus (CMV), watermelon mosaic
virus 2 (WMV?2), zucchini yellow mosaic virus (ZYMV), tomato mosaic virus (ToMV), tobacco rattle virus (TRV), potato virus Y (PVY),
potato virus X (PVX),and tomatospottedwiltvirus (TSWV).Among the screened plants with virus-like symptoms, three viruses were
the most common: CMV, WMV2 and ZYMV, with the incidence rate of 32 %,33 % and 29 %, respectively. Apart from monoinfected
plants, several patterns of mixed infections were shown typically induced by two and less commonly by three viruses
(CMV+WMV2+ZYMV). From these patterns of mixed infections, five groups of pathogens were registered. Conclusions. In this work,
we have analyzed cucurbit and solanaceous vegetable crops with virus-like symptoms for viral infections caused by 8 pathogens,
and established virus combinations inducing mixed infections in the field. Five groups of pathogens were demonstrated as such
combinations: CMV+ToMV, CMV+PVY, CMV+WMV2, CMV+ZYMV, andWMV2+ZYMV, with CMV+ToMV being the most common for
tested plants. Also, there was one group of pathogens formed by three viruses CMV+WMV2+ZYMV. CMV has been shown present
in every group of mixed viral infections in plants from both families, CucurbitaceaeandSolanaceae. The incidence rate for these
combinations differed from 4 to 8 %. The presented results are important in the context of ecology and epidemiology of viral
diseases of vegetables.
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Introduction. Viral plant diseases can be caused by
either monoinfection or mixed infection involving two or more
viruses. Simultaneous infection caused by different viruses or
different strains of the same virus is not uncommon in nature
[1, 2]. In plants, simultaneous infection with different viruses
can lead to a phenomenon described as neutrality, when
viruses do not interfere with replication, accumulation and
transmission of each other [3]. Sometimes this can also lead
to antagonism when one virus reduces the infection or
accumulation of another virus [4], or synergism when a mixed
infection leads to increased symptoms and/or elevated virus
content. Synergistic interactions between plant viruses can
lead to increased disease rate in crops that are susceptible to
different viral combinations [5,6]. In addition, viral synergies
can lead to resistance or limited spread of another virus. A
significant increase in symptoms' severity in case of dual
infection as compared to a single infection has been observed
in several studies involving a combination of potyviruses and
viruses belonging to other genera [7].

In nature, synergistic interactions affect the level of
vector transmission, which can lead to changes in the
ecology and epidemiology of the pathogens involved.
Studies show that the level of vector transmission often
positively correlates with mixed infections, due to increased
titers of viruses in the plant [8], or to changes in tropism, and
in some cases, due to the fact that plants with mixed
infections are more attractive to insect vectors (probably due
to the weakening of phloem transport and the accumulation
of sugars in the areas affected by the two viruses).

Infections of cucurbit species induced by such viruses as
ZYMV, WMV-2 or CMV are very common and cause
significant damage worldwide in the form of severe
epidemics, either in single or double infection. Synergism is
often observed between WMV-2 and other viruses infecting
cucurbits, which can be expressed either by higher rate of
virus replication or more severe symptoms. This was
demonstrated, in particular for mixed infection caused by
WMV-2 and poleroviruses, such as cucumber aphid-born
virus (CABYV) [9].

The interaction between WMV-2 and ZYMV, two closely
related viruses from Potyviridae family, is of particular

interest because these genetically distinct viral species
belong to the same subgroup and occupy similar ecological
niches, suggesting that competition between these viruses
may be important factor influencing their evolution. WMV-2
and ZYMV have similar host ranges (primarily cucurbits),
cause similar symptoms and are mostly transmitted by the
same aphid species, although with a different efficiency.
Mixed infection of WMV-2 and ZYMV in the same host
populations and in individual plants is equally common for
both cultured and wild host species. Such mixed infection,
however, does not cause such severe synergistic effects as
reported for double infections induced by potyviruses and
viruses from other genera like cucumoviruses (Bromoviridae
family) or potexviruses (Alphaflexiviridae family) [10].

The aim of the study. Screening of vegetable crops for
mixed viral infections caused by 8 viruses, and evaluation of
relative share for different combinations of pathogens using
serological methods for plant virus diagnostics.

Materials and Methods. Samples of vegetable plants
from Cucurbitacea and Solanaceae families were collected
basing on visual screening of crops for virus-like symptoms
in several parts of Ukraine: Vinnytsia, Kyiv, Poltava, and
Cherkasy regions.

Plant samples were tested for presence of the following
viruses: cucumber mosaic virus (CMV), watermelon mosaic
virus 2 (WMV2),zucchini yellow mosaic virus (ZYMV), tomato
mosaic virus (ToMV), tobacco rattle virus (TRV), potato
virus Y (PVY), potato virus X (PVX), and tomato spotted wilt
virus (TSWV). For virus diagnostics, a double-antibody
sandwich enzyme-linked immunosorbent assay (DAS-ELISA)
was used [11, 12] with specific diagnostic kits from Loewe
Biochemica GmbH (Germany) and following the
manufacturer's recommendations. Absorbance values at
405 nm were measured using a BioTek pQuant microtiter
plate reader (USA). Absorbance values greater than three
times those of the negative controls, were considered positive.
Mathematical processing of experimental data (mean values,
standard deviation) was carried out using Origin 9.1 software.
Variation statistics methods were used for statistical analysis
of the obtained results. Significance of differences between
the values was determined by Student's t-test at p = 0.05.
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Results and Discussion. For this study, the samples
from plants with virus-like symptoms were collected from the
agroecosystems in 4 regions of Ukraine during three
vegetative seasons in 2019-2021. The screening included
cucurbit and solanaceous plants with the symptoms of dark
green mosaic along the leaf veins, yellow-green interveinal
mosaic of leaf blades, deformation of leaf blades and fruits
(Fig. 1). The manifestation of symptoms was different, from
a barely noticeable mosaic to a severe deformation in the

form of filamentous leaves. Taking into account the available
data [2, 7], such a variety of symptoms could be the result of
a mixed viral infection. Thus, collected experimental
samples were tested by DAS-ELISA to determine the
species composition of viruses that could cause such
symptoms. In total, 161 plant samples were tested for eight
viruses characterized either by a wide (CMV, PVY, TRV,
PVX, TSWV, ToMV) or narrow host range (ZYMV, WMV2).

Fig. 1. Virus-like symptoms on leaves o fpumpkin (a), custard squash (b), squash (c), melon (d), sweet pepper (e), and tomato (f)

Among the total number of 161 samples of vegetable
plants analyzed for virus infections, 135 samples were
collected from plants belonging to Cucurbitaceae family and
26 samples — from plants of Solanaceae family. Given the
different number of samples by family and the different
species composition of viruses for which different plants

were analyzed, it is not the number of positive samples that
is considered informative, but their percentage values. Thus,
among plants with virus-like symptoms, the three most
common viruses were CMV, WMV2 and ZYMV, which were
detected in 32%, 33% and 29 % of the samples,
respectively (Table 1).

Table 1. Virus detection in vegetable crops by DAS-ELISA

Virus cMVv PVX PVY ToMV TRV TSWV | WMV2 | ZYMV
Numberofpositivesamples 52 1 3 7 2 1 44 39
Percentofpositivesamples, % 32 4 12 27 8 4 33 29
Number of samples 161 26 26 26 26 26 135 135
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Apart from monoinfected plants, several patterns of
mixed infections were shown for tested samples. Such
mixed infections were induced by two and less commonly by
three viruses (CMV+WMV2+ZYMV). From these patterns of
mixed infections, five groups of double infections were
registered: CMV+ToMV, CMV+PVY, CMV+WMV2,
CMV+ZYMV, andWMV2+ZYMV. The incidence rate for
these virus combinations in plants from both families,
Cucurbitaceae andSolanaceae, differed from 4 to 8 % (Fig. 2).

CMV has been shown present in all but one group of
mixed viral infections. These data can be explained by the
fact that CMV belongs to viruses with an extremely wide host
range and therefore may persist in the same agriecosystem
despite the crop rotation and other measures. CMV was
found in mixed infection among the representatives of both
Cucurbitaceae and Solanaceae families (Fig. 2).
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Groups of mixed infections

Fig. 2. Mixed infections found in solanaceous (CMV+ToMVandCMV+PVY)
and cucurbit (CMV+WMV2, CMV+ZYMV, WMV2+ZYMV, andCMV+WMV2+ZYMV) crops

In general, mixed CMV and ZYMV infections
characterized with more severe symptoms. According to
the literature, the co-infection of CMV and ZYMV is an
example of synergism, as it leads to a stronger
manifestation of symptoms [2, 6].

The occurrence of mixed infection caused by CMV and
PVY on tomatoes is confirmed by literature data, which
leads to an increase in the concentration of both viruses in
the plant and is important for the epidemiology of these
viruses [13].

Despite the fact that CMV and ToMV have wide host
ranges and in our studies they were detected with a
incidence of 32 % and 27 %, respectively, the studies on
mixed infections caused by these viruses on tomato and
pepper have been published only recently. Particularly,
when these crops were cultivated in one of the provinces in
Turkey, the percentage of mixed infection on tomato and
pepper was 5.31 % and 1.11 %, correspondingly, which is
lower than in our studies [14].

The interaction of WMV and ZYMV is significantly
different from that of ZYMV and CMV, because the former
are the members of the same genus and have a similar
ecological niche. This suggests that competition between
viruses may be an important factor influencing their
evolution. WMV and ZYMV have overlapping host ranges,
cause similar symptoms on the plants, and are transmitted
non-persistently mostly by the same aphid species,
although with different efficiency. As already mentioned,
WMV and ZYMV are often found in the same populations
of host plants and in individual plants, which is
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characteristic of both cultivated and wild plants, and leads
to more severe symptoms [15].

ZYMV isolates replicate at a similar rate at mono- and
mixed infection, whereas WMV isolates accumulate to much
lower levels in presence of ZYMV. In addition, ZYMV
induces changes in leaf coloration and the production of
volatile substances enhancing the attraction of aphids to
infected plants. In contrast, WMV does not have a strong
effect on the plant-aphid interactions. However, WMV can
take advantage of a mixed infection and be easily
transmitted to other plants in such case [16].

Plants affected by three viruses (CMV, WMV-2, and
ZYMV) were also found. The incidence of such plants was
7 %. Dark green mosaic, leaf blade deformation, and
blistering were observed on melons and pumpkins, some of
them were fruitless.

According to the results of the study, CMv was the most
common virus found in collected samples of vegetable crops
of Cucurbitaceae and Solanaceae families. This may be due
to the fact that, unlike ZYMV and WMV-2, CMV can be
transmitted not only by aphids but also by dodder and seed.
To date, it has been confirmed that various species of wild
flora may be the source of CMV in Ukraine [17], serving as
additional risk factor for agricultural plants. In addition, there
is evidence of CMV interaction with members of Potyvirus
family. According to it, when found in mixed infection in
some plants, CMV titer will increase compared to
monoinfection, while the titer of the second pathogen may
remain unchanged, which increases the efficiency of vector
transmission of CMV. Wide spread of ZYMV in the screened
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regions can be explained by the fact that despite a rather
narrow host range, the virus does not cause severe
symptoms on plants that do not belong to Cucurbitaceae
family. Therefore, this virus can survive in natural reservoirs
unnoticed. Given the wide host range of WMV-2, it may be
preferable for it to switch to other hosts rather than
competing with ZYMV, which has a limited ability to
reproduce in plants outside Cucurbitaceae family and hence
is forced to maintain its niche more aggressively.

Conclusion. In this work, we have analyzed cucurbit
and solanaceous vegetable crops with virus-like symptoms
for viral infections caused by 8 pathogens, and established
virus combinations inducing mixed infections in the field.
Five groups of pathogens were demonstrated as double
combinations: CMV+ToMV, CMV+PVY, CMV+WMV2,
CMV+ZYMV, andWMV2+ZYMV, with CMV+ToMV being
the most common for tested plants. Also, there was one
group of pathogens formed by three viruses
CMV+WMV2+ZYMV. CMV has been shown present in
every group of mixed viral infections in plants from both
families, Cucurbitaceae and Solanaceae. The incidence rate
for these combinations differed from 4 to 8 %. The presented
results are important in the context of ecology and
epidemiology of viral diseases of vegetables.
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KuiBcbkui HauioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

3MILLAHI IHOEKLIi OBOYEBUX KYNbTYP B YKPAIHI

lpoaHanizoeaHo oso4esi KynbmMypu Ha 3MiwaHri 8ipycHi iHghekuyii, Wjo Moxyms 6ymu cnpu4uHeHi sicbMoMa gipycamu, i eCmaHo8sIeHHs! ix 8io-
COMmMKO8020 3HaYeHHs1 Onsl Pi3HUX 2pyn KoM6iHauii eipycie 3 eukopucmaHHsIM ceposio2iYHUXx memodie idenmudpikayii eipycie pocnuH. Jemekyito
sipycie y pocnuHax ogoyesux Kysbmyp npoeoodusiu 3 UKOPUCMaHHAM iMyHoghepMeHmMHo20 aHanisy y modudpikayii DAS-ELISA. [ns docnidxeHb
8id6bupanu 3pa3Ku poc/iuH 3 a2poyeHo3ie i3 Homupbox obs1acmeli MPOMsIi20M MPbLOX 8e2emayiliHux ce3oHie y nepiod i3 2019 no 2021 pik ekOYHO
minbku 3 eipyconodi6HuMu cumnmomamu. 3pa3ku POC/IUH mecmyeanu Ha HasieHicmb makux eipycie: cucumbermosaicvirus (CMV),
watermelonmosaic virus 2 (WMV2), zucchiniyellowmosaicvirus (ZYMV), tomatomosaicvirus (ToMV), tobaccorattlevirus (TRV), potatovirusY (PVY),
potatovirusX (PVX) andtomatospottedwiltvirus (TSWV). Ceped npoaHanizoeaHux pocsiuH 3 gipyconodi6HuMu cumnmomamu Halidacmiwe 3ycmpiya-
nucb mpu eipycu: CMV, WMV2 ma ZYMV, siki demexkmyeanucs y 32, 33 ma 29 %, eidnoeioHo, ceped docnidHuUx 3pa3kie. Y npomecmosaHux 3pa3Kkax
oeoyesuUX Kysnibmyp, OKpiM MOHOIiHgheKyil, 3ycmpidanacb 3miwaHa iHghekuyisi, suknukaHa deoma eipycamu 3 nepesiky eipycie, Ha siki mecmyeanu
pocnuHu, i Hagimb 6yna oOHa 2pyna 3miwaHux iHgekyil, sska cknadanacsk i3 mpbox eipycie, a came CMV+WMV2+ZYMV. Ceped 3miwaHux iHghekyid,
Aki micmunu dea eipycu, 6yno n'ame epyn. Y xo0i sukoHaHHs1 docnidxeHb 6yno npoaHanizoeaHo oeo4vesi Kynbmypu poduH Cucurbitaceae ma
Solanaceae 3 gipyconodi6HuMu cumMnmomamMu Ha HasieHiCMb 8ipycHuUX iHgbekuill, cnpuYuHeHuUXx eicbMoMa eipycamu, ma ideHmugbikoeaHo KoMbiHayii
sipycie, wo suknukaroms 3Miwani eipycHi iHghekyil. YcmaHoeneHo, ujo ceped 3mMiwaHux iHgekuil, siki mMicmunu dea eipycu, 6yno n'smsb 2pyn:
CMV+ToMV, CMV+PVY, CMV+WMV2, CMV+ZYMV ma WMV2+ZYMV. CMV 3ycmpivyaecsi y euansdi 3miwaHoi iHgekyii ceped npedcmasHukie deox
poduH: Cucurbitaceae ma Solanaceae. Hali6inbwuli eidcomok mana 3miwaHa iHgekuisi, suknukaHa CMV+ToMV. OdHa epyna 3miwaHux iHgekyiti
cknadanacb i3 mpbox gipycie, a came CMV+WMV2+ZYMV. Yacmoma ideHmudpikayii yux epyn ceped 0ocs1iOHUX POCSIUH 0804Ye8UX KY/1bmyp poOuH
Cucurbitaceae ma Solanaceae 6yna e diana3oHi 6id 4 do 8 %. Pesynbmamu yiei po6omu € akmyanbHUMU 3 eKoJ1020-enidemMiono2i4Ho20 noansdy.

Knroyoei cnoea: gipycu, 3miwati iHghekuyii, osoqesi Kynbmypu, Ykpaiva.

ISSN 1728-2748



