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Abstract
Plum bark necrosis stem pitting-associated virus (PBNSPaV), the causal agent of plum bark necrosis stem pit-

ting disease, belongs to the genus Ampelovirus in the family Closteroviridae. In the past 20 years, the virus was 
reported in Europe, North Africa, the Middle East, and Asia. This study focused on occurrence and distribution 
of PBNSPaV in collection and commercial stone fruit orchards in Kyustendil region of Bulgaria. In two consecu-
tive years 2017–2018, a total of 127 trees from 8 different stone fruit species were tested by DAS-ELISA for the 
presence of PBNSPaV. The virus was detected in eight symptomatic trees with bark gummosis, necrosis, pits and 
grooves on the branches and trunk of newly introduced Japanese plum (Prunus salicina Lindl.) cultivars. The 
established 6.3 % rate of infection showed a weak infestation with the virus. To the best of our knowledge, this is 
the first report of PBNSPaV in Bulgaria.
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INTRODUCTION

Plum bark necrosis stem pitting (PBNSP) dis-
ease was first observed in 1986 on a ‘Black Beaut’ 
Japanese plum (Prunus salicina Lindl.) in the Unit-
ed States (Uyemoto & Teviotdale, 1996). This was 
the first confirmation of graft-transmissibility of 
the disease. A disorder resembling the P. salicina 
disease was observed in 1995 in Apulia (Southern 
Italy) in apricot of cv. Tyrinthos grafted on myrobo-
lan (Di Terlizzi & Savino, 1995). Later in 2002, an 
associated virus, and the presumed causal agent, 
was partially characterized and named Plum bark 
necrosis stem pitting-associated virus (PBNSPaV) 
(Marini et al., 2002). PBNSPaV is а member of the 
genus Ampelovirus, family Closteroviridae (Mar-
telli et al., 2005) with filamentous particles ca. 1500 
nm in length (Amenduni et al., 2005). 

To date, the disease was reported in Italy (Gha
nem-Sabanadzovic et al., 2001), Morocco (Bouani 
et al., 2004), Serbia (Mandic et al., 2005), Jordan 
(Sánchez-Navarro et al., 2005), Egypt (Maghra-

by et al., 2007), Turkey (Usta et al., 2007), France 
(Marais et al., 2009), Spain (Garcia-Ibarra et al., 
2010), Tunisia (Salleh et al., 2011), China (Cui et al., 
2011), Korea (Jo et al., 2016) and Japan (Candresse 
et al., 2017). PBNSPaV was identified in many cul-
tivated and ornamental Prunus species, including 
Japanese and European plums (P. salicina and P. 
domestica), apricot (P. armeniaca), peach (P. per-
sica), sweet and sour cherry (P. Avium and P. cera-
sus), and almond (P. dulcis) (Amenduni et al., 2005; 
Marini et al., 2002; Abou Ghanem-Sabanadzovic et 
al., 2001; Usta et al., 2007; Mandic et al., 2007). The 
virus causes bark necrosis and gummosis on scaf-
fold branches and the main trunk, and stem pitting. 
The symptoms of PBNSPaV greatly depend on the 
susceptibility of the hosts and the cultivars (Boscia 
et al., 2011).

Тhe presented investigation was focused on oc-
currence and distribution of PBNSPaV in collection 
and commercial stone fruit orchards in Kyustendil 
region of Bulgaria. 
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MATERIALS AND METHODS

Plant material
In two consecutive years 2017–2018, one hun-

dred and twenty-seven sweet cherry, ornamental 
cherry and sour cherry, European and Japanese 
plum, peach, apricot and Pr. cerasifera trees were 
visually inspected and sampled. The samples were 
collected from the stone fruit trees growing in four 
collection orchards located at the Institute of Agri-
culture – Kyustendil and two commercial orchards 
inthe region. The plum collection orchards were 
established in 1994 and 2011, and sweet cherry or-
chards in 2002 and 2012, respectively. The samples 
belonged to different species and cultivars of differ-
ent origin, from the international exchange activ-
ity of the Institute of Agriculture – Kyustendil and 
also from the native cultivars (Table 1.). Most of the 
samples were collected from trees showing decline, 
gummosis, flattening of scaffold branches, necro-
sis of bark tissues, and some samples were gathered 
from trees showing no virus-like symptoms. 

Serological assays
Phloem and/or leaf tissue were collected ran-

domly from different branches around and across the 
tree in late autumn (late October and November) or 
spring (April). All samples were tested by DAS-ELI-
SA (Clark & Adams, 1977) using specific antibodies 
against PBNSPaV (Agritest, Italy) according to the 
manufacturer’s instructions. Both specific and conju-
gated antibodies were used in quantity of 100 µl, in-
cubated at 37ºC for 2h. 150 µl of diluted 1:20 extracts 
(w/vol) and were loaded in duplicate wells of polysty-
rene microtiter plate for overnight incubation at 4ºC. 
Between each step, the plate was washed 3 times 
with PBS-T (phosphate-buffered saline-Tween). 100 
µl freshly prepared p-nitrophenylphosphate in sub-
strate buffer (1mg/ml) was loaded to each well. The 
plate was incubated at room temperature and photo-
metric measurement was done at 405 nm after 1-2 h. 
Samples were considered as positive, if their absor-
bance values were more than three times higher than 
the negative control. 

RESULTS AND DISCUSSION

Field observations 
During visual inspection, our attention was fo-

cused on trees with typical PBNSPaV symptoms as 

gummosis and bark necrosis of the trunk and the 
scaffold branches, as well as stem pitting (Di Terl-
izzi & Savino, 1995; Boscia et al., 2011). This kind 
of symptoms were seen in trees of Prunus salicina 
cultivars ‘Qiuji’, ‘Zaoli’ and ‘Taoli’ and consisted of 
bark gummosis, necrosis, pits and grooves on the 
branches (Fig.1; 2). The bark of the trunk and main 
branches showed extensive splitting (Fig. 3). 

According to the obtained data from the serolog-
ical analysis the cultivars ‘Qiuji’, ‘Zaoli’ and ‘Taoli’ 
were 100% infected with PBNSPaV, which helped 
us conclude that these symptoms were associated 
with PBNSPaV infection. In cultivars ‘Qiuji’ and 
‘Zaoli’ were observed symptoms on leaves. They 
consisted of early bud break, followed by leaf red-
dening and rolling in the summer, but it should be 
noted, that European Stone Fruit Yellows (ESFY) 
phytoplasma was detected in these trees in our pre-
vious work (Borisova & Kamenova, 2016). These 
symptoms are typical for ESFY and do not corre-
spond to PBNSPaV infection.

In some of the sweet cherry cultivars was ob-
served necrosis on scaffold branches and trunks, 
sunken in appearance and associated with dark-
colored gummosis, in some case leading to death 
of branches. Although symptoms on trunks and 
branches of trees of this species were identified, ELI-
SA tests did not confirm the presence of PBNSPaV. 
These symptoms could due do to some other patho-
gens as Pseudomonas syringasome e pv . syringae.

Latent infections have been reported in some 
hosts or in specific cultivars of otherwise suscep-
tible hosts (Boscia et al., 2011; Garcia-Ibarra et al., 
2010). For that reason samples for serological analy-
sis taken from cultivars of different species show-
ing no symptoms. In our investigation, infection of 
PBNSPaV was not serologically proved in none of 
these symptomless samples.

Serological evaluation 
The results of ELISA tests are shown in Table 

1. All samples from fresh phloem tissue collected 
in late autumn from the Japanese plum, cv. ‘Qiuji’, 
‘Zaoli’ and ‘Taoli’ tested positive for PBNSPaV. The 
results from ELISA tests of young leaves collected 
in the springfrom the same trees were also positive, 
but with lower absorbance values. According to 
Amenduni et. al. (2005) with some other clostero-
viruses, and particularly those infecting grapevines 
(Martelli et al., 1997), PBNSPaV particles are pres-
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Table 1. Incidence of PBNSPaV in tested stone fruit species.

Species Cultivar Number tested Number positive for 
PBNSPaV

Pr. avium
(Sweet cherry)

Bing 10 0
Kozerska 1 0

Bigalise pozna 3 0
Pobeda Krimska 1 0

Vega 1 0
Victoria 1 0

Germersdorfer 5 0
Tieton 3 0

Star z chech 1 0
Santina 1 0

Superstar 1 0
Van 4 0

Merchant 1 0

Drogan’s Yellow 4 0

Sparkle 2 0
N8 -102 3 0

Sam 2 0
Summit 4 0

Pr. cerasus (Sour cherry) Erdi Bötermö 2 0
Prunus serrulata (Ornamental cherry) Kwanzan 7 0

Pr. domestica (European plum)

Top gigant plus 2 0
Top hit 1 0

Top 1 0
Top 2000 1 0

Toper 1 0
Topking 2 0
Elit 998 1 0

Čačanska Najbolja 5 0
Stanley 16 0

Tuleu timpuriu 4 0
unknown 4 0

Prunus salicina
(Japanese or Chinese plum)

Qiuji 3 3
Zaoli 3 3
Taoli 2 2
Mili 1 0

Black Diamond 5 0

Prunus persica
(Peach)

Glohaven 1 0
Redhaven 2 0

Hale 7 0
P. armeniaca
(Apricot) unknown 3 0

Prunus cerasifera unknown 5 0
TOTAL 127 8 (6,3 %) 
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ent in infected tissues at low concentrations in the 
early phases of growth but its titre increases pro-
gressively during the growing season, reaching a 
maximum at the end of summer. To our knowledge, 
this is the first report of PBNSPaV in Bulgaria.

No PBNSPaV infection was found in the sam-
ple from the other assayed trees of Japanese plum, 
in sweet, sour and ornamental cherries, European 
plum, apricot, peach and Pr. cerasifera (Table 1). 

The incidence of PBNSPaV was 6,8%. The low in-
cidence of virus together with its distribution in only 
eight Japanese plum trees could be due to the intro-
duction of virus-contaminated scion buds. The virus 
is not mechanically transmitted and has no known 
vector, although natural virus spread was reported 
(Terlizzi & Savino, 1995). Its transfer from plant to 
plant is thought to occur through vegetative propa-
gation techniques. As with other Ampelovirus spp., 
PBNSPaV is not known to be seed transmitted. 

The relatively low rate of PBNSPaV presence in 
stone fruit species in Bulgaria is similar to the reported 
2.5% infection in apricot in Spain (Garcia-Ibarra et al., 
2010). Serological analysis showed that nearly 8% of  
the samples were infected by PBNSPaV, particularly 

Figure 1. Necrosis, pits and grooves on the 
branches of tree ‘Zaoli’ Japanese plum, infected 

with PBNSPaV

Figure 2. Gummosis on a trunk of tree ‘Zaoli’ 
Japanese plum, infected with PBNSPaV

Figure 3. Extensive splitting on a trunk of tree Pr. 
salicina cultivar ‘Qiuji’, infected with PBNSPaV
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those from peach (15.7%), plum (11.1%) and almond 
(5.4%) trees in the study carried out in Tunisia (Salleh 
et al., 2011). PBNSPaV was found in different stone 
fruit samples with fairly high incidence of 26% in It-
aly, 40% in Egypt, 51% in Serbia and 70% in Turkey 
(Matic et al., 2010). High infection level detected in 
Turkey (77%) was reported also by Usta et al. (2007).

More sensitive methods as RT-PCR for further 
PBNSPaV detection in Prunus species in the coun-
try are desirable.

CONCLUSIONS

This is the first report of Plum bark necrosis 
stem pitting-associated virus (PBNSPaV) in Bul-
garia identified by DAS-ELISA. The virus was de-
tected in a few trees of newly introduced Japanese 
plum cultivars. The established 6.3 % rate of infec-
tion showed a weak infestation of the virus. Futher 
efforts are needed to understand distribution of 
PBNSPaV in Bulgaria and its contribution to syn-
droms affecting stone fruit trees. 

REFERENCES

Abou Ghanem-Sabanadzovic, N., Mahboubi, M., Di Ter-
lizzi, B., Sabanadzovic, S., Savino, V., Uyemoto, J. K., 
& Martelli, G. P. (2001). Molecular detection of a clos-
terovirus associated with apricot stem pitting in southern 
Italy. Journal of plant pathology, 83(2), 125-132.

Amenduni, T., Hobeika, C., Minafra, A., Boscia, D., Cas-
tellano, M. A., & Savino, V. (2005). Plum bark necrosis 
stem pitting-associated virus in different stone fruit spe-
cies in Italy. Journal of Plant Pathology, 131-134.

Bouani, A., Minafra, A., Alami, I., Zemzami, M., & 
Myrta, A. (2004). First report of Plum bark necrosis 
stem pitting-associated virus in Morocco. Journal of 
Plant Pathology, 91-92.

Boscia, D., Myrta, A., & Uyemoto, J. K. (2011). Plum bark 
necrosis stem pitting-associated virus. Pages 177-183 in: 
Virus and Virus-like Diseases of Pome and Stone Fruits. 
A. Hadidi, M. Barba, T. Candresse, & W. Jelkmann, eds. 
American Phytopathological Society, St. Paul, MN.

Candresse, T., Faure, C., Theil, S., & Marais, A. (2017). 
First Report of Plum bark necrosis stem pitting-associ-
ated virus Infecting Flowering Cherry in Japan. Plant 
Disease, 101(5), 846-846.

Cui, H. G., Hong, N., Xu, W. X., Zhou, J. F., & Wang, 
G. P. (2011). First report of Plum bark necrosis stem 
pitting-associated virus in stone fruit trees in China. 
Plant disease, 95(11), 1483-1483.

Di Terlizzi, B., & Savino, V. (1995). A stem pitting of 
apricot. In XVI International Symposium on Fruit Tree 
Virus diseases 386 (pp. 115-117).

García-Ibarra, A., Martinez-Gomez, P., Rubio, M., 
Dicenta, F., Soler, A., Pallas, V., & Sanchez-Navarro, 
J. A. (2010). First report of Apricot latent virus and Plum 
bark necrosis stem pitting-associated virus in apricot 
from Spain. Plant disease,94(2), 275-275.

Jo, Y. H., Chu, H. S., Cho, J. K.,  Lian, S., Choi,  H. S., 
& Cho W. K. (2016). First Report of Plum bark necrosis 
stem pitting-associated virus infecting Plum Trees in 
Korea. Plant Disease, 100(12 ), 2541.  

Maghraby, I. E., Matić, S., Fahmy, H., & Myrta, A. 
(2007). Viruses and viroids of stone fruits in Egypt. 
Journal of Plant Pathology, 427-430.

Mandic, B., Matić, S., Rwahnih, M. A., Jelkmann, W., 
& Myrta, A. (2007). Viruses of sweet and sour cherry 
in Serbia. Journal of Plant Pathology, 103-108.

Marais, A., Faure, C., Gentit, P., & Candresse, T. (2009). 
Detection of a divergent variant of plum bark necrosis 
and stem pitting associated virus (PBNSPaV) in Prunus 
domestica with peach red marbling disease symptoms. 
In Proceedings of the 21st International Conference on 
Virus and other Graft Transmissible Diseases of Fruit 
Crops (Vol. 57).

Marini, D. B., Zhang, Y. P., Rowhani, A., & Uyemoto, 
J. K. (2002). Etiology and hostrange of a Closterovirus 
associated with plum bark necrosis-stem pitting disease. 
Plant disease, 86(4), 415-417.

Martelli, G. P., Agranovsky, A. A., Bar-Joseph, M., 
Boscia, D.,Candresse, T., Coutts, R. H. A., Dolja, V. 
V., Falk, B. W., Gonsalves, D., Hu, J.S., Jelkmann, 
W., Karasev, A. V., Minafra, A., Namba, S., Vetten, 
H.J., Wisler, G. C., & Yoshikawa, N. (2005). Family 
Closteroviridae. In: Fauquet C.M., Mayo M.A.,Maniloff 
J., Desselberger U., Ball L.A. (eds). Virus Taxonomy, 
VIII-th Report of the ICTV, pp. 1077-1087. Elsevier/
Academic Press, San Diego, CA, USA.

Matic, S., Myrta, A., Boscia, D., & Minafra, A. (2010). 
Monitoring of Plum bark necrosis stem pitting associated 
virus and molecular characterization of some isolates. 
Journal of Plant Pathology, 759-763.

Sanchez-Navarro, J. A., Aparicio, F., Herranz, M. C., 
Minafra, A., Myrta, A., & Pallas, V. (2005). Simul-
taneous detection and identification of eight stone fruit 
viruses by one-step RT-PCR.European Journal of Plant 
Pathology, 111(1), 77-84.

Salleh, W., Mahfoudhi, N., & Djelouah, K. (2011). First 
report of Plum bark necrosis stem pitting-associated 
virus in stone fruit trees in Tunisia. Journal of Plant 
Pathology, 93(4, Supplement).

Usta, M., Sipahioglu, H. M., Ocak, M., & Myrta, A. 
(2007). Detection of Apricot latent virus and Plum bark 
necrosis stem pitting-associated virus by RT-PCR in 
Eastern Anatolia (Turkey). EPPO bulletin, 37(1), 181-185.

Uyemoto, J. K., & Teviotdale, B. L. (1996). Graft-
transmission of the causal agent of a bark necrosis-stem 
pitting disease of Black Beaut plum (Prunus salicina). 
Phytopathology, 86, 111-112.


