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Abstract. One of the main obstacles on the way to successful cultivation of orchards and planting 
material of sour and sweet cherry is infection with viral pathogens. They can adversely affect 
yields, reduce plant resistance to abiotic factors and cause losses in the nursery. Therefore, it is 
important to determine the spread of viruses in plantations and the selection of virus-free plants 
for the establishment of nuclear stock collections. In order to study phytovirological state of the 
orchards, tests for the presence of five viral pathogens were performed: Tomato black ring 
nepovirus (TBRV), Cherry leaf roll nepovirus (CLRV), Apple chlorotic leaf spot virus (ACLSV), 
Petunia asteroid mosaic tombusvirus (PеAMV), Plum pox virus (PPV). The level of infection 
with these pathogens reaches 19.2% for sour cherry, 5.8% - for sweet cherry, and 7.4% - for 
rootstocks. PPV prevailed in sour cherry material - 7%, in sweet cherry material - ACLSV (3.6%), 
while the rootstock samples were most infected by PeAMV - 5.6%. Until now, this virus has not 
been reported in Ukraine. TBRV and ACLSV viruses have been known in other crops so far, 
while not yet been detected in sour and sweet cherry. It was determined that PPV isolates 
(Mahaleb 1, Mahaleb 2) which were detected in sour cherry, belong to strain D. 
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INTRODUCTION 

 
The modern horticultural industry involves the use of planting material that is free 

of viral pathogens and meets current standards. Growing planting material of cherry in 
Ukraine today is guided by EPPO PM 4/29 (1) standard, which includes 15 viral 
pathogens. The distribution of many viruses in domestic plantations is still unclear. 
Survey of propagation stock orchards of sour cherry, sweet cherry and their clonal 
rootstocks, carried out in 2018, has not detected the presence of TBRV, CLRV, ACLSV, 
ApMV and PPV (Pavliuk et al., 2019). Although it is previously known that all these 
viruses, except for PeAMV, were found in Ukraine in other types of sour and sweet 
cherry plantations, or in other crops (Gospodaryk et al., 2005; Tryapitsyna & Vasiuta, 
2010; Tryapitsyna et al., 2013; Kutsenko et al., 2019). 

In addition, new Plum pox virus (PPV) strains have recently been reported in 
neighboring countries, infecting sour and sweet cherries, including PPV-CR (Cherry 
Russian) and PPV-CV (Сherry Volga) strains (Chirkov et al., 2017, 2018). Therefore, 
there is a need to test plant material for this virus. Typical symptoms of PPV are 
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appearance of chlorotic spots, or slightly pigmented yellow rings or lines. The fruits 
deform and abscise prematurely (Dehkordi et al., 2017). Virus of the C strain can also 
affect yield and fruit quality. The fruits do not ripen, and necrosis is observed on sweet 
cherry branches (Nemchinov et al., 1996). In general, PPV is considered to be one of the 
most destructive pathogens of Prunus species, crop losses can reach 30–40%, and in 
some years on sensitive varieties - 70–90% (Yusko, 2009). In 2006, losses caused by 
PPV worldwide were estimated at around € 10 billion in total over the last 30 years 
(Cambra et al., 2006). 

Therefore, we included PPV to the list of tested pathogens. As of today, it has been 
identified in 10 regions of Ukraine (Odessa, Cherkasy, Kyiv, Kharkiv, Ivano-Frankivsk, 
Vinnytsia, Lviv, Mykolaiv, Ternopil, Chernivtsi regions) and the Autonomous Republic 
of Crimea. Private, collection, selection, and propagation stock orchards of certain stone 
fruit crops were checked for this pathogen. Crops such as plum, myrobalan plum, apricot, 
and peach were mainly tested. Sour and sweet cherry were tested selectively 
(Kondratenko & Udovichenko, 2006; Tryapitsyna, 2016; Kutsenko et al., 2019). 

Thus, the aim of our research is to determine the spread of uncommon viral 
pathogens in sour and sweet cherry and their rootstocks. 

 
MATERIALS AND METHODS 

 
During the vegetation period of 2018–2020, 291 samples were tested, including 

138 - of sweet cherry, 99 - of sour cherry, 54 - of clonal rootstocks. Samples were 
collected from 10 regions of Ukraine (Ivano-Frankivsk, Kyiv, Zaporizhzhya, Ternopil, 
Donetsk, Kharkiv, Kherson, Transcarpathian, Dnepropetrovsk, Cherkasy regions). A 
total of 17 sweet cherry cultivars, 13 sour cherry cultivars and 4 types of rootstocks were 
tested. Testing was performed by Enzyme-linked immunosorbent assay (ELISA) method 
using Loewe Biochemica GmbH (Germany) and Bioreba AG (Switzerland) commercial 
test kits. ELISA was performed according to standard methods of M. Clark and A. 
Adams (1977). Test tissue was taken from the basal part of the leaf, then it was 
homogenized with the addition of conjugate buffer with 1:20 ratio. Test results were read 
on a microplate spectrometer ImmunoChem-2100 Microplate Reader (USA), at a 
wavelength of 405 nm. Analysis of variance of the research data was performed using 
STATISTICA software, at confidence level p < 0.05. Positive PPV samples were further 
tested by reverse transcription polymerase chain reaction (RT-PCR) method to confirm 
the presence of the virus in the plant and to establish its strain affiliation. Fresh plant 
tissues were used for total RNA extraction, and isolation was performed using a 
commercial RNeasy Plant Mini kit (Qiagen, UK) according to the manufacturer's 
instructions. A commercial Verso 1-Step RT-PCR Kit ReddyMix (Thermo Scientific, 
USA) was used according to the manufacturer's recommendations to set up the reaction. 
The following components were used to carry out one reaction with a volume of 20 μl: 
2X 1 Step PCR ReddyMix - 10 μl, Verso Enzyme Mix - 0.4 μl, RT Enhancer - 1 μl, 
Primer forward - 0.4 μl (10 mmol), Primer reverse - 0.4 μl (10 mmol), H2O - 6.6 μl,  
RNA - 50 ng per reaction. The following primers were used for molecular identification 
- P1: 5’-ACC GAG ACC ACT ACA CTC CC-3’ and P2: 5’-CAG ACT ACA GCC TCG 
CCA GA-3’, proposed by Wetzel et al. (1991). The expected amplification product is 
243 bp. Primers to the Nad-5 mitochondrial dehydrogenase gene, with an expected 
181 bp fragment, were used to control reverse transcription (Menzel et al., 2002). 
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Amplification was performed in a programming thermostat ‘Ependorf Mastercycler 
Personal’ (Ependorf AG, Germany) according to the following parameters: 55 C - 
15 min, 95 C - 2 min, 40 amplification (95 C - 20 s, 60 C - 30 s, 72 C - 1 min), final 
elongation at 72 C - 5 min. 

The presence of amplification fragments was checked by separating the PCR 
products in 2% agarose gel, with TBE buffer with the addition of ethidium bromide. 

The resulting amplicons were sequenced. Nucleotide sequences were compared 
with those deposited in the Genbank (www.ncbi.nlm.nih.gov) PPV isolates using 
BLAST software. Sequence alignment was performed using CLUSTAL W option in 
MEGA X software (Kumar et al., 2018). The construction of the phylodendrogram was 
performed by Neighbour-Joining method (NJ) (Saitou & Nei, 1987), using bootstrap 500 
analysis (Felsenstein, 1985). 

 
RESULTS AND DISCUSSION 

 
Enzyme-linked immunosorbent assay 
Serological testing of the material of sour cherry, sweet cherry, and rootstocks 

showed that the general level of infection of sour cherry was 19.2% (± 0.08), while sweet 
cherry and rootstocks were infected only by 5.8% (± 0.04) and 7.4% (± 0.07), 
respectively. 

In general, all viruses for which plant material was tested were detected in sour and 
sweet cherry cultivar samples (Table 1). In sour cherry samples, PPV prevailed - 7%, 
while in sweet cherry it was 1.4%, and in rootstock samples - 1.9%. Monitoring data 
from foreign colleagues indicates the absence of PPV in the collection plantations of 
sour and sweet cherry in Serbia (Mandic et al., 2007) and in stone crop orchards of 
Isparta province (Turkey) (Çevik et al., 2011). In Bosnia and Herzegovina, on the other 
hand, in the orchards of the same type of stone crops (including sour and sweet cherry), 
the virus was present in 47% of the tested material (Matić et al., 2008). 

 
Table 1. Distribution of infection to different viruses, % (2018–2020) 

Tested  
plants 

Number  
of samples 
tested (n) 

Viruses, % 

PPV PeAMV ACLSV TBRV CLRV 

Prunus avium 138 1.4 ± 0.02 1.4 ± 0.02 3.6 ± 0.03 0.7 ± 0.01 0.7 ± 0.01 
Prunus сerasus 99 7 ± 0.05 1 ± 0.02 3 ± 0.03 5 ± 0.05 2 ± 0.03 
Rootstocks 54 1.9 ± 0.04 5.6 ± 0.06 1.9 ± 0.04 - - 

 
We detected PeAMV for the first time in Ukraine. Until now, there were no reports 

of its discovery, and it was considered absent in sour and sweet cherry orchards. The 
highest level of infection was observed in rootstock samples - 5.6%, in sweet and sour 
cherry samples - 1.4 and 1%, respectively. In general, this virus has been reported in 
stone fruit crops in Canada, Germany, Switzerland, Latvia, and Serbia (Koenig & Kunze, 
1982; Mandic et al., 2007; Gospodaryk et al., 2013), however, there is no monitoring 
data on the level of infection of the orchards with this pathogen. In Latvia, infection with 
this virus was found on ‘Kubanskaya Kometa’ and ‘Skoroplidna’ plum cultivars. These 
varieties are popular in Ukraine and are used in home gardens and industrial orchards.  
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Here it occurred as a complex of infections togsether with ArMV, TBRV and SLRV 
(Gospodaryk et al., 2013). In our research, PeAMV was found on rootstock samples, 
‘Bigarreau Burlat’ sweet cherry cultivar and ‘Shalun’ia’ sour cherry cultivar. 

ACLSV is characterized by cosmopolitan distribution, making it one of the most 
economically important pathogens. In addition to severe deformation of leaves and 
fruits, cracking of the bark, incompatibility of scion-rootstock combinations (Desvignes 
& Boye, 1989; Pasquinі et al., 1998), infected plants become more susceptible to 
bacterial and fungal diseases (Zawadzka, 1989). The level of ACLSV infection in 
investigated plantations of sweet cherry (3.6%), sour cherry (3%) and rootstocks (1.9%) 
was significantly lower than in fruiting orchards of sweet cherry in Spain, where the 
infection with this virus reached 16% (Sánchez et al., 2015). In the Mediterranean region, 
the rate of ACLSV infection for sour and sweet cherry was 14% (Myrta & Savino, 2008), 
in Bosnia and Herzegovina in plantations of stone fruit crops, virus was present in 4% 
of the tested material (Matić et al., 2008), the same result (4%) was obtained when testing 
sweet and sour cherry cultivars in Serbia (Mandic et al., 2007). The lowest level of 
infection with this pathogen was found in Isparta province (Turkey), where only 1% of 
samples of sour and sweet cherry were infected with this virus (Çevik et al., 2011).
Despite the wide spread of ACLSV, it was not detected in sour cherry orchards in Algeria 
(Rouag et al., 2008). In sour cherry orchards of Palestine, the infection rate reached 25%, 
but PPV, TBRV and CLRV viruses were not detected there (Jarrar et al., 2001). 

Tomato black ring nepovirus was identified only in sweet (0.7%) and sour cherry 
(5%) orchards. Tested rootstock samples were not infected with this pathogen. In other 
types of sour and sweet cherry plantations, the virus was not previously identified. 
However, it is widespread in Ukraine in raspberry plantations - 29.6% (Tryapitsyna et 
al., 2013). Typical symptoms may include chlorotic spots, mosaic, necrotic lesions, ring 
spots or patterns, and deformation of the fruit (Šneideris & Staniulis, 2014). In Poland, 
this pathogen has been identified on elderberry (Sambucus nigra) (Pospieszny et al., 
2004), in Lithuania - on tomato (Lycopersicon esculentum), rhubarb (Rheum 
rhabarbarum L), strawberry (Fragaria vesca L) (Šneideris & Staniulis, 2014). As one 
can see, the range of host plants of this virus is quite wide, so many plants can be 
reservoirs for its accumulation, which in turn increases the likelihood of infection of the 
main host plants. 

According to the preliminary data, the collection plantations of sweet cherry in 
Ukraine are infected with CLRV by 21.63%, while sour cherry - by 16.19% (Tryapitsyna 
& Vasiuta, 2010). In Russia, the virus was detected in plantations of sour, sweet cherry 
and their rootstocks in 8.9-28.6% of the samples (Upadyshev et al., 2017). Data from 
our research indicate the presence of the pathogen in 0.7% of sweet cherry and 2% of 
sour cherry. On infected cherry trees, virus causes deformation and twisting of leaves, 
mosaic, as well as growth retardation and death of individual branches or the whole tree 
(Tryapitsyna & Vasiuta, 2010). 

Complex pathogen infection was also identified: PPV + ACLSV was detected in 
samples of sour cherry (1% ± 0.02) and rootstocks (1.9% ± 0.03), while sweet cherry 
had a complex infection with PPV + TBRV (0.5% ± 0.01). As these viral pathogens do 
not have common vectors of carriers, it is obvious that infection occurred due to non-
compliance with the requirements of care and agronomic measures. 
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Territorial distribution of pathogens 
Analysing the geographical distribution of viral pathogens, one see that all studied 

viruses were found in Donetsk region, except for TBRV. According to the State Statistics 
Service, sour and sweet cherry plantations in this region occupy about 1,300 ha. This 
region is one of the largest regions for growing sour and sweet cherry. 

The spread of some viruses may depend on the variety of strains and isolates that 
may infect plants selectively, focusing on the host plant rather than the range (Rebenstorf 
et al., 2006). For example, the CLRV strain that infects walnut (Juglans regia L.) is not 
transmitted to sour, sweet cherry and birch (Langer et al., 2009). According to some 
studies, in Ukraine the Polissya (the north-western part of the country) area is the most 
vulnerable to the spread of this pathogen, as it hosts the largest number of plants that can 
be reservoirs of pathogen accumulation and source of its spread (Tryapitsina & Vasiuta, 
2010). However, in our research, CLRV was identified only in Donetsk and Kharkiv 
regions, thus refuting previous assumptions. 

When analysing the distribution by region, one can observe a sporadic spread of 
viral pathogens, rather than some specific pattern. Most likely, this distribution is a 
consequence of the human factor - non-compliance with sanitary requirements for 
agronomic measures and the spread of infected planting material. 

 
Infection of tested cultivars and types of rootstocks 
In total, 17 cultivars of sweet cherry, 13 cultivars of sour cherry, and four types of 

rootstocks were tested. Among the sweet cherry material, ‘Bigarreau Burlat’, ‘Donetskyi  
Uhol`ok’, ‘Donetska Krasavitsa’, 
‘Nizhnist’ and ‘Krupnoplidna’ 
cultivars were infected (Table 2). The 
most infected samples were found in 
Bigarreau Burlat - 11.8%. This cultivar 
is of French origin, dating from 1915. 
Since then, planting material has 
spread to Central Europe, and later the 
cultivar became popular in Ukraine. 
Apparently, over the years of its spread 
there was an uncontrolled reproduction 
of planting material, which caused a 
high level of infection. 

‘Donetskyi Uhol`ok’ and ‘Donetska 
Krasavitsa’ cultivars, infection level of  

 
Table 2. Infection of cultivars of the tested 
material 

Cultivar 
Number  
of samples 
tested (n) 

Infected 
samples,  
% 

Bigarreau Burlat 17 11.8 ± 0.15 
Donetskyi Uhol'ok 11 9 ± 0.17 
Donetska Krasavitsa 13 7.7 ± 0.14 
Nizhnist' 17 5.9 ± 0.11 
Krupnoplidna 21 4.8 ± 0.09 
Shalun'ia 14 28.6 ± 0.24 
Bohuslavka 15 20 ± 0.20 
Kseniia 31 3.2 ± 0.06 
P.mahaleb 18 22.2 ± 0.19 
 

which was 9 and 7.7%, respectively, are cultivars of selection of Bakhmut Resarch 
Station of Horticulture, in the vicinity of which the largest localization of pathogens was 
detected. ‘Valery Chkalov’, ‘Kitaivska Chorna’, ‘Melitopolska Chorna’, ‘Talisman’ and 
‘Udivitelna’ cultivars were free from the tested pathogens. 

In contrast to sweet cherry, in tested sour cherry samples three infected cultivars 
were found - ‘Shalun’ia’ (28.6%), ‘Boguslavka’ (20%) and ‘Kseniia’ (3.2%), while 
‘Vstrecha’ was virus-free. CLRV predominated in the samples of ‘Shalun’ia’ cultivar, 
while PPV prevailed in ‘Boguslavka’ samples. 
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Today, both seedling (P. mahaleb) and clonal (VSL-2, Colt, Studenykivska) 
rootstocks are used in industrial sweet and sour cherry orchards in Europe (Jänes & Pae, 
2004; Maas et al., 2014; Vasyuta & Ryabyi, 2017; Csihon et al., 2018). Analysed Colt, 
VSL-2 and Studenykivska rootstock samples were free of the tested pathogens, while 
P. mahaleb smaples were infected. These samples were dominated by PeAMV. The 
ability of these viruses to be transmitted by seeds has not been reliably confirmed, but 
their particles were isolated from the seeds of sour and sweet cherry plants (Pfeilstetter 
et al., 1992). 

 
Strain identification of Plum pox virus 
Strain affiliation of PPV, which circulates in Ukraine and infects sour and sweet 

cherries, has not been previously studied. Of the nine known strains, only C, CR and CV 
are thought to be able to infect sour and sweet cherry (Chirkov et al., 2017, 2018; James 
et al., 2013; García et al., 2014). CV strain can cause typical chlorotic spots on sour 
cherry (Chirkov et al., 2017, 2018). In Germany, the same symptoms were observed on 
leaves of sour cherry infected with C strain, as well as leaf deformation and dark rings 
on the fruits (Jelkmann et al., 2018). 

A potential vector of the pathogen is aphids. It is believed that virus can be 
transmitted by roughly 20 species of aphids, but the most effective vectors are Aphis 
craccivora, A. spiraecola, A. cardui, Brachycaudus helichrysi, B. сardui, Hyalopterus 
pruni, Myzus persicae, Phorodon humuli (Gaborjanyi & Basky 1995; Labbone et al., 
2001). It is known that some of them are common in Ukraine and other European 
countries (Yusko et al., 2008; Latinović et al., 2017; Musa et al., 2020). These insects 
can easily be the carriers of the pathogen, because virus particles together with the sap 
of infected trees can be stored for about 4 hours in the food apparatus of the insect, while 
the insect can change the plant it feeds on during that period, thus spreading infection in 
the orchards (Jordovic, 1968). However, the effectiveness of this way of virus 
transmission depends on the strain, cultivar and species of the host, aphid species, and 
season (Levy et al., 2000). 

After ELISA testing, samples positive with PPV were further tested by RT-PCR. 
The analysis confirmed the presence of this virus in all tested samples which was 
confirmed by the presence of the expected fragment of amplification. Two samples of 
P. mahaleb rootstocks from Zaporizhzhia region were chosen for sequencing. 

After sequencing, the resulting fragments of Mahaleb 1 (MW055900) and Mahaleb 
2 isolates were equal to 243 bp, which reffered the position 9313-9555 in the viral 
genome. According to the results of comparison of our isolates with known ones, its 
affiliation to D strain was established. To date, it has been investigated that D strain of 
PPV can cause epidemics in peach, apricot and plum orchards (Gottwald et al., 1995; 
Dallot et al., 1998; Polák & Komínek, 2009). In contrast to the samples affected by 
cherry strains, which were described by other authors (Chirkov et al., 2017, Jelkmann et 
al., 2018), our infected samples did not show symptoms of virus infection on the leaves. 

Direct analysis of all Ukrainian isolates of this virus present in the GenBank 
(www.ncbi.nlm.nih.gov) has indicated that 83% of them belong to D strain. The other 
17% of isolates belong to strains W, M and Rec. The host plants are mainly peach, 
apricot and plum. Mahaleb 1 and Mahaleb 2 isolates are the first PPV isolates of D strain 
isolated from P. mahaleb in Ukraine. 
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For phylogenetic analysis, all known isolates of PPV circulating in Ukraine, as well 
as representatives of cherry strains C, CR, CV were selected. 

Since this segment is highly conservative, at least 272 known isolates from different 
countries and crops have been found to be 100% identical to our isolates. Mahaleb 1 and 
Mahaleb 2 isolates showed a high level of identity between themselves - 100%. When 
comparing all Ukrainian isolates, variability within the group was found, identity ranged 
between 89.5–100%, and the overall mean identity was 97%. Since some isolates were 
distant by nucleotide sequences, they were included in a separate group (IV) on the 
phylogenetic tree (Fig. 1). Thus, MK209075 (Kharkiv region, apricot) and MK209074 
(Odessa region, plum) isolates turned out to be distant. By nucleotide sequences, the 
identity of our isolates between them was 94 and 89.5%, respectively. 

 

 
 

Figure 1. Phylogenetic tree of Plum pox virus isolates reconstructed using a 149-bp nucleotide 
fragment рolyprotein gene (position of 9369-9517) constructed by Neighbour-Joining method. 

 
Mahaleb isolates were classified in group III, together with the most identical 

(100%) isolates of this strain: plum isolate KJ914573, peach isolates MK209077, 
MK209076, MK209073, MK209071, and myrobalan plum isolates JN637991 and 
KR028386. 

Representatives of cherry strains combined a separate group, together with isolate 
JN596110, which belongs to strain W. Mahaleb isolates are identical by 90% to isolate 
MG736816 (CR), by 92.5% to isolate MF447180 (CV), and by 93.3% to MH346311 (C). 
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Isolates of M and Rec strains also formed a separate group. When comparing 
Mahaleb isolates with isolates belonging to these strains, an identity level of 95% was 
observed. 

 
CONCLUSIONS 

 
This research demonstrates the presence of previously undetected sour and sweet 

cherry viruses in Ukraine. The presence of a panel of viral pathogens identified by EPPO 
PM 4/29 (1) indicates the need to test plant material and comply with sanitary 
requirements when maintaining orchards and when propagating material to prevent the 
spread of pathogens with planting material. Detection of viruses that have not been 
previously reported in Ukraine (PeAMV) and in sour cherry orchards (TBRV, ACLSV) 
once again confirms the need for testing of plant material and further investigation of 
their molecular characteristics. 

Since PPV isolates identified by us belong to D strain, it is necessary to further 
determine its ability to be transmitted to plants that are more susceptible to the virus, as 
well as to investigate its harmfulness in sour and sweet cherry orchards. 
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