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Summary. � The susceptibility of peach GF 305 seedlings and herbaceous plants to five plum pox virus
(PPV) isolates from orchards of western Slovakia was investigated. PPV was isolated from diseased plum,
apricot and peach trees, and transmitted by chip-budding to peach GF 305. The herbaceous plants were infect-
ed by mechanical inoculation. The transmission was analysed by symptomatology and double sandwich en-
zyme-linked immunosorbent assay (DAS-ELISA). Infected peaches developed leaf distortion, tissue clearing
along the veins and small chlorotic spots (isolate BOR-3). With exception of BOR-3, the PPV isolates trans-
mitted from peach caused local chlorotic spots on Chenopodium foetidum. The character of symptoms changed
when a sap from PPV-infected Nicotiana benthamiana was used as virus inoculum. From N. benthamiana,
the PPV isolates could be transmitted to Pisum sativum, cv. Colmo (light green mosaic), N. clevelandii and
N. clevelandii x N. glutinosa hybrid (latent infection or chlorotic spots).
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Introduction

PPV, a member of genus Potyvirus, causes economically
important sharka disease of stone fruit trees. The disease
was recorded for the first time in Bulgaria in 1917 � 1918
on plum cv. Kjustendil, and then in 1933 on apricot (Atan-
asoff, 1932, 1935; Németh, 1994). On peach, the disease
was first reported in 1961 in Hungary (Németh, 1963). Based
on biological and and molecular properties, PPV isolates
can be divided into 3 groups represented by apricot isolate
PPV-D (Dideron) from southeastern France, peach isolate
PPV-M (Marcus) from Greece (Kerlan and Dunez, 1979),
and the Egyptian isolate PPV-El Amar (Wetzel et al., 1991).
PPV was isolated also from sour cherry (Nemchinov et al.,
1995) and sweet cherry (Crescenzi et al., 1995). Recently,

a new potyvirus, Asian prunus latent virus, has been re-
ported to infect Prunus spp. (Hadidi and Levy, 1994).

According to the symptoms on Chenopodium foetidum,
Sutic et al. (1971) classified PPV isolates as yellow, inter-
mediate and necrotic strains. Grüntzig and Fuchs (1986)
arranged PPV isolates into two groups. Isolates of the first
group were transmissible to Ch. quinoa, Ch. album,
Ch. ficifolium, Ch. amaranticolor and Ch. murale, and had
a high immunogenicity. Isolates of the second group did
not infect the Chenopodium species listed above and had
a narrow host range and weak immunogenicity.

On the territory of Slovakia, the sharka disease has ap-
peared f irst time in the 1950�s (Králiková, 1962).
A comparative study of several PPV isolates was performed
by Paulechová (1981).

In this study, we describe the susceptibility of peach
GF 305 seedling and selected herbaceous plants to PPV
isolates from orchards of western Slovakia. The results ob-
tained demonstrate differences among isolates with regard
to symptoms and infection severity on various indicator
plants.

Abbreviations: PPV = plum pox virus; DAS-ELISA = double
sandwich ELISA; ELISA = enzyme-linked immunosorbent assay;
MoAb = monoclonal antibody; p.i. = post infection
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Materials and Methods

Virus isolates. PPV-infected plum, peach and apricot tissues
were collected from orchards in western Slovakia (Table 1). All
these trees displayed typical symptoms of sharka disease.

Transmission of PPV to peach GF 305. The PPV isolates were
transmitted from diseased trees to peach GF 305 by chip-budding
during May � June. Then the seedlings were cut off and placed in
a greenhouse. Five months after inoculation, they were stored in
a dark and cold room. In March the next year, the infected seed-
lings were placed again in a greenhouse. The evaluation of virus
infection was performed visually and by a serological test.

Sample preparation and transmission of PVP to herbaceous
plants. Leaves of infected peaches were ground in 0.1 mol/l phos-
phate buffer pH 8.0 (1:10, w/v). The sap was used for mechanical
inoculation of N. benthamiana Domin. and Ch. foetidum Schrad.
The re-inoculation tests included N. benthamiana, N. clevelandii
Gray, N. clevelandii x N. glutinosa hybrid, Ch. foetidum and
P. sativum L., cv. Colmo.

and dark green flecks. Later, approximately 28 days p.i.,
also pucker leaves and dark green flecks along the veins
were visible. The infection was systemic.

To test the character of PPV infection on widely used
Ch. foetidum indicator plant, young leaves of this plant were
inoculated with a sap from infected peaches and
N. benthamiana plants. With exception of BOR-3 where
a repeated transmission was unsuccessful, all the isolates
transmitted from peach caused chlorotic spots on
Ch. foetidum leaves. When a sap from N. benthamiana was
used as source of inoculum, the character of symptoms was
different (Table 3). The symptoms appeared 7 � 12 days p. i.
The infection of Ch. foetidum was local.

The results of PPV transmission from N. benthamiana to
other herbaceous plants are presented in Table 4. As it was
demonstrated by DAS-ELISA, the PPV isolates caused in
plants listed in this table a systemic infection, though the in-
fection with isolates BOJ-3, BIII/2 and BOR-3 produced no
symptoms on tobacco leaves. A growth reduction of infected
N. clevelandii and N. clevelandii x N. glutinosa plants was
observed too. The symptoms on tobacco plants appeared
7 � 21 days p.i. and on pea cv. Colmo 14 � 21 days p.i.

Discussion

The peach GF 305 seedling is generaly used as indicator
plant for PPV detection. The PPV infection of this plant is

Table 1. Origin of PPV isolates

Isolate Locality Notes (age)

VAR Bratislava-Vajnory Peach, cv. Harland (10 years)
CAH-2 Èachtice Apricot, cv. Maïarská (15 years)
BOJ-3 Bojnice Plum, cv. BO-4-75 (10 years)
BIII/2 Nitra Plum, cv. Bystrická (8 years)
BOR-3 Borovce Apricot, cv. VS 123/9 (5 years)

DAS-ELISA. The experiments were evaluated by DAS-ELISA
according to Clark and Adams (1979) using monoclonal antibod-
ies (MoAbs) provided by Dr. M. Navrátil, Palacký University,
Olomouc (Hilgert et al., 1993). The assay was performed on in-
fected peaches after budbreak and immediately before inoculum
preparation. In infected herbaceous plants, the viral antigen was
tested in the basal, medium and apical parts. Uninfected and mock-
infected plants were used as controls.

Results

The next year after chip-budding inoculation, the peach-
es showed characteristic symptoms on leaves (Table 2).
There were three types of symptoms on the
leaves: distortion, tissue clearing along the veins, and small
chlorotic spots. Besides, the PPV isolates differed in sever-
ity of infection.

In further step, the PPV isolates were characterised by
symptomatology on N. benthamiana indicator plant. As
a source of inoculum, infected leaves of peach seedlings
were used. About 20 days after mechanical inoculation, the
PPV isolates produced on tobacco leaves chlorotic spots

Table 2. Symptoms of PPV infection on peach GF 305 leaves

Isolate Symptoms on leaves A
405 

(DAS-ELISA)

VAR D, TC ++ 0.657
CAH-2 D, TC ++ 0.745
BOJ-3 D, TC + 0.634
BIII/2 TC + 0.282
BOR-3 SC + 0.108
Nonea  � 0.045

D = distortions, TC = tissue clearing along the veins, SC = small chlo-
rotic spots, (++) = severe infection, (+) = mild infection. aUninfected
control.

Table 3. Symptoms of PPV infection on Chenopodium foetidum

Isolate Symptoms on leaves

VAR Ca  CNb

CAH-2 Ca  Nb

BOJ-3 Ca  0b

BIII/2 Ca  Cb

BOR-3 0a  Cb

C = chlorotic spots, CN = chlorotic spots with necrotic centres, N = necrotic
lesions, 0 = unsuccessful transmission. aTransmission from infected peach
seedlings. bTransmission from infected N. benthamiana plants.
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displayed mainly by tissue clearing along the veins and dis-
tortion of young leaves (Németh, 1986). Three types of
symptoms could be observed after peach infection with PPV
isolates in the present study. The PPV isolates VAR (peach),
CAH-2 (apricot) and BOJ-3 (plum) caused a leaf distortion
and tissue clearing along the veins. BIII/2 (plum) isolate
developed only tissue clearing along the veins. Atypical
small chlorotic spots were observed on peach leaves infect-
ed with BOR-3 (apricot) isolate. According to the intensity
of symptoms, the examined PPV isolates can be divided in
severe (VAR, CAH-2) and mild (BOJ-3, BIII/2, BOR-3)
ones.

Tobacco N. benthamiana is often used for detection,
maintenance and symptom analysis of PPV (Németh, 1986).
By susceptibity and symptomatology, this plant turned out
as a suitable herbaceous host also for the detection and prop-
agation of our PPV isolates. The symptoms (chlorotic spots,
dark green flecks and pucker leaves) were easily identifia-
ble and the virus could be detected by ELISA for a long
period.

Of other herbaceous plants suitable for PPV isolation,
differentiation of PPV isolates, and antiserum preparation,
Ch. foetidum (Németh, 1963) and N. clevelandii (Kassanis
and Sutic, 1965) should be mentioned. According to the
reaction of Ch. foetidum, Sutic et al. (1971) identified three
types of PPV strains, designated yellow, intermediate and
necrotic. When we used a sap from infected peach as inoc-
ulum, the isolates VAR, CAH-2, BOJ-3 and BIII/2 behaved
as yellow strains. The isolate BOR-3 could not be transmit-
ted to Ch. foetidum. Different results were obtained with
a sap from infected N. benthamiana plants used as inocu-
lum. By symptomatology on infected Chenopodium leaves,
we could identify yellow strains (BIII/2, BOR-3), interme-
diate strain (VAR) and necrotic strain (CAH-2). Isolate BOJ-
3 produced no symptoms, and DAS-ELISA was also nega-
tive after inoculation. There have been described also other
isolates of PPV which could not be transmitted to
Ch. foetidum after mechanical inoculation (Németh, 1986).

We used the sap of infected N. benthamiana plants as
inoculum for transmission of the PPV isolates also to
N. clevelandii, N. clevelandii x N. glutinosa and P. sativum,
cv. Colmo. The infection of N. clevelandii and N. clevelandii
x N. glutinosa with isolates BOJ-3, BIII/2 and BOR-3 was
latent, without visible leaf symptoms (DAS-ELISA was
positive). VAR and CAH-2 isolates produced on these plants
chlorotic spots. A N. clevelandii x N. glutinosa hybrid has
been used by Albrechtová et al. (1986) for propagation and
maintenance of PPV-W isolate. The use of P. sativum as host
for PPV investigation has been proposed by Kerlan and
Dunez (1976). E.g., cvs. Serpette d� Auvergne, Express
généreux (Kerlan et al., 1981), Zeiners Grüne Bastard
(Paulechová, 1981), Glória (Németh, 1986) and Colmo (Ad-
amolle, 1993; Candresse et al., 1995) have been employed.
PPV infection of these cultivars was manifested mostly by
tiny chlorotic spots (light green mosaic) on leaves (Paule-
chová, 1981; Németh, 1986; Adamolle, 1993). Such type
of symptoms was produced also by our PPV isolates under
study. We detected the presence of virus in leaves, stalks,
flowers and young pods of pea plants. It is the first succes-
ful transmission of Slovak PPV isolates to P. sativum cv.
Colmo ever recorded.

The experiments on the susceptibility of peach GF 305
seedlings and some herbaceous plants to PPV isolates from
western Slovakia have demonstrated that these isolates differ
in severity of infection, host range and symptomatology.

Acknowledgement. This work was supported by the grants No.
95/5305/012 and 2/4039/97 of the Grant Agency for Science.

References

Adamolle C (1993): Le virus de la sharka: Obtention et carac-
terisation partielle d�anticorps polyclonaux specifiques
de proteines non structurales. Approche de la bio-ecolo-
gie de deux sérotypes epidemiques en verger. PhD The-
sis, University of Bordeaux, Bordeaux (in French).

Albrechtová L, Holubcová L, Joke� M (1986): Purification of shar-
ka virus of plum and preparation of antiserum for virus
assay by ELISA. Ochr. Rost. 22, 161�168 (in Czech).

Atanasoff D (1932): Plum pox. A new virus disease. In Yearbook
of the University of Sofia, Faculty of Agriculture 11,
pp. 49�70 (in Bulgarian).

Atanasoff D (1935): Mosaic of stone fruits. Phytopathology Z. 8,
259�284.

Candresse T, Macquaire G, Lanne M, Bousalem M, Quiot-Douine
L, Quiot JB, Dunez J (1995): Analysis of plum pox virus
variability and development of strain-specific PCR as-
says. Acta Hortic. 386, 357�369.

Clark MF, Adams AN (1977): Characteristics of the microplate
method of enzyme-linked immunosorbent assay for de-
tection of plant viruses. J. Gen. Virol. 34, 475�483.

Table 4. Symptoms on herbaceous plants after mechanical
transmission of PPV isolates from Nicotiana benthamiana

Symptoms on leaves
Isolate

N. clevelandii N. clevelandii x N. Pisum sativum
glutinosa cv. Colmo

VAR C C LGM
CAH-2 C C LGM
BOJ-3 0 0 LGM
BIII/2 0 0 LGM

BOR-3 0 0 LGM

C = chlorotic spots, LGM = light green mosaic, 0 = no visible symp-
toms, latent infection.



344 SHORT COMMUNICATIONS

Crescenzi A, Nuzzaci M, Piazzolla P, Levy L, Hadidi A (1995):
Plum pox virus (PPV) in sweet cherry. Acta Hortic. 386,
219�225.

Grüntzig M, Fuchs E (1986): Untersuchungen zur Differenzierung
von Stämmen des Scharka-Virus der Pflaume (plum pox
virus, PPV). Z. Pflanzenkr. Pflanzenschutz. 93, 19�23.

Hadidi A, Levy L (1994): Accurate identification of plum pox
potyvirus and its differentiation from Asian Prunus La-
tent potyvirus in Prunus germplasm. EPPO Bull. 24,
633�643.

Hilgert I, Cikánek D, Kri�tofová H, Kare�ová R, Navrátil M (1993):
Monoclonal antibodies suitable for plum pox virus de-
termination. Hybridoma 12, 215�220.

Kassanis B, Sutic D (1965): Some results of recent investigation on
sharka (plum pox) virus disease. Zast. Bilja 16, 335�340.

Kerlan C, Dunez J (1979): Différenciation biologique et sérologique
des souches du virus de la sharka. Ann. Phytopathol. 11,
241�250.

Kerlan C, Dunez J (1976): Some properties of plum pox virus and its
nucleic acid protein components. Acta Hortic. 67, 185�192.

Kerlan C, Mille B, Dunez J (1981): Immunosorbent Electron Mi-
croscopy for Detecting Apple Chlorotic Leaf Spot and
Plum Pox Viruses. Phytopathology 71, 400�404.

Králiková K (1962): Survey on the investigation of plum pox dis-
ease in Slovakia. Proc. 5th Conf. Czechoslovak Plant
Virologists, Prague, pp. 346�351.

Németh M (1963): Field and greenhouse experiments with plum
pox virus. Phytopathol. Mediterranea 2, 162�166.

Németh M (1994): History and importance of plum pox in stone-
fruit production. EPPO Bull. 24, 525�536.

Németh M (1986): Virus, Mycoplasma and Rickettsia Disease of
Fruit Trees. Akadémia Kiadó, Budapest, p. 840.

Nemchinov L, Hadidi A, Verderevskaja T (1995): Detection and
partial characterization of a plum pox virus isolate from
infected sour cherry. Acta Hortic. 386, 226�233.

Paulechová K (1981): Comparative study on plum sharka virus
isolates from Czechoslovakia. Biológia (Bratislava) 36,
225�229 (in Slovak).

Sutic D (1961): Assay of transmission of sharka virus disease by
sap inoculation to herbaceous plant. T. Planteavl. 65,
138�146.

Wetzel T, Candresse T, Ravelonandro M, Delbos RP, Mazyad
H, Aboul-Ata AE, Dunez J (1991): Nucleotide se-
quence of the 3'∞-terminal region of the RNA of the
El Amar strain of plum pox potyvirus. J. Gen. Virol.
72, 1741�1746.


