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Abstract

The spread of Plum pox virus (PPV) in a canopy of 24 plum cultivars was studied
from 1999 to 2004, at Bistrita Fruit Research Station, Romania. Experimental in-
oculation of the trees was performed with virulent aphids. After five years, the
level of the PPV spread in plum canopy was the lowest in ‘ a anska Najbolja’ and
‘Carpatin’ (leaf infection rates: 7% and 12%). The relatively low spread of PPV was
also recorded in ‘Minerva’, ‘Reine Claude d’Althan’ and ‘Stanley’. No more than
35% of the leaves in a canopy of these cultivars showed plum pox symptoms. Me-
dium sensitivity (50–70% of leaves showing symptoms) was observed in ‘Flora’,
‘Reine Red’, ‘Silvia’, ‘Oneida’, ‘Anna Spath’ and ‘Pitestean’. PPV was spreading
with the highest speed in the canopy of ‘Iulia’, ‘ a anska Rana’, ‘ a anska Rodna’,
‘Albatros’, ‘Yakima’, ‘Gunser’, ‘ a anska Lepotica’, ‘Katinka’, ‘Centenar’, ‘Bara-
gan’, ‘Wolff’, ‘Tita’ and ‘Schuffer’.
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Introduction

Sharka is the most dangerous virus disease of stone fruit trees. Biological and
economical impact of Plum pox virus (PPV) results from its easy spread in nature
by many aphid species (Kunze and Krczal 1971, Minoiu 1973).
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The knowledge of the rate of virus accumulation and virus invasion in the can-
opy of tree is important for the characterization and evaluation of the quantitative
PPV resistance, both traits being closely correlated with leaf symptoms (Kegler et
al. 1986, Dosba et al. 1991). Resistance to aphids can also play an important role in
protecting stone fruit trees against PPV infection, the incidence of the disease be-
ing higher in cultivars susceptible to the virus vectors than in resistant ones (Keg-
ler et al. 1998). In this paper the results of a study on the spread of PPV in the
canopy of 24 plum cultivars, during five years after aphid vectored inoculation, are
presented.

Materials and methods

Plum trees of 24 cultivars were subjected to controlled infestation with virulent
aphids, in the experimental field of the Fruit Research Station, Bistrita (Romania),
and observed during next five years. Phorodon humuli Schr., often met in plum or-
chards in this area, was used in the experiment. As the reaction of trees to PPV in-
fection depends on the virus isolate, the aphids were transferred from a single tree
with generalized infection with PPV (determined by symptoms and DAS-ELISA).
The transfer of aphids was carried out on 1st June 1999 onto a single four-year-old
plum tree for each cultivar studied. All tested trees were initially virus free, and se-
rologically tested before the infection was performed. Only one shoot on the east-
ern side was infected in the canopy of each tree. At least 40 aphids were transferred
on each shoot. The aphids were left on the trees for 10 days, and then killed with
insecticides. During the whole experiment, pesticide treatments were applied,
with the special attention to control aphids and other potential vectors of PPV.

The assessment of the PPV spread rate was performed by visual observations of
disease symptoms and evaluation of the virus particles concentration in the in-
fested shoots using DAS-ELISA.

Detailed observations carried out on the 1st August 1999, 11th July 2000, 11th
June 2001, 11th September 2002, 19th June 2003 and 24th June 2004 aimed to es-
timate the percentage of infection with PPV in the tree canopy. Total number of
leaves on a tree and total number of leaves showing disease symptoms were re-
corded. DAS-ELISA kit produced by SANOFI was used for testing leaves (mixed
sample) from infested shoots.

The observations and identification carried out in 2004 concerned also the
symptoms on fruit. Frequency of symptom appearance (F%) and intensity of at-
tack (I%) was recorded for the fruits collected from tested trees. The index of at-
tack degree (AD%) was calculated according to the following formula: AD (%) =
(F% × I%)/100.

The weight of crop obtained from healthy and infected trees was recorded
and compared for selected plum cultivars.
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Results

The results of ELISA tests and percentage of symptomatic leaves on the shoots
infested with aphids in 1999 is presented in Table 1. Two months after the artifi-
cial infection PPV was not detected by DAS-ELISA in any of the tested plum trees.
In the next year (2000), leaves from formerly infested shoots showed a positive
ELISA reaction, with A405 values from 0.13 to 1.85. The percentage of leaves in tree
canopy, showing disease symptoms, was from 0 (‘Minerva’) to 32% (‘Tita’,
‘Albatros’). In 2001 the virus concentration evaluated by ELISA was generally
higher than in the previous year, with absorption values up to 2.38 (‘Iulia’). The
highest percentage of PPV infection of the leaves in tree canopy was recorded for
cultivars: ‘Iulia’ (78%), ‘Gunser’ (69%), ‘Albatros’ (67%), ‘Tita’ (61%), ‘ a anska
Rodna’ (34%), ‘Wolff’ (24%) and ‘Centenar’ (22%). The cultivars: ‘Reine Claude
d’Althan’, ‘Silvia’ and ‘Reine Red’ sporadically showed PPV symptoms on leaves
and only on shoots infested by aphids in 1999. On the observation day the cultivars
‘Stanley’, ‘Carpatin’, ‘Minerva’ and ‘ a anska Najbolja’ showed no foliar symp-
toms, but ELISA test confirmed the presence of the virus at a very low concentra-
tion (A405: 0.16–0.29).

In 2002, the PPV infection became generalized on ‘Iulia’, ‘ a anska Rana’,
‘ a anska Rodna’ and ‘Albatros’ cultivars, in 2003 on ‘Yakima’, ‘Gunser’,
‘ a anska Lepotica’ and ‘Katinka’ cultivars and in 2004 on ‘Centenar’, ‘Baragan’,
‘Wolff’, ‘Tita’ and ‘Schuffer’ cultivars. These results demonstrated a high sensitiv-
ity of all above mentioned cultivars to PPV infection.

Five years after the aphid inoculation, the spread of PPV in plum canopy (deter-
mined according to the percentage of leaves displaying plum pox symptoms) re-
mained the lowest for ‘ a anska Najbolja’ (7%) and ‘Carpatin’ (12%) cultivars.
A certain level of field resistance was also observed for ‘Minerva’, ‘Reine Claude
d’Althan’ and ‘Stanley’ cultivars, for which the percentage of symptomatic leaves
in the tree canopy did not exceed 35%. PPV invaded from 50% to 70% of the plum
canopy on ‘Flora’, ‘Reine Red’, ‘Silvia’, ‘Oneida’, ‘Anna Spath’ and ‘Pitestean’
cultivars.

Five years after artificial infection of the trees, the number and severity of PPV
symptoms on the fruit were very different for the cultivars tested (Table 2). Fruits
from the following cultivars were damaged in highest percent: ‘Gunser’ (A.D.% =
25.6), ‘Iulia’ (A.D.% = 21.6), ‘Yakima’ (A.D.% = 19.2), ‘ a anska Rodna’ (A.D.%
= 15.5), ‘Wolff’ (A.D.% = 15.3), ‘Schuffer’ (A.D.% = 10.6) and ‘Centenar’
(A.D.% = 10.0).

Less damage in fruit was observed for ‘Baragan’, ‘Pitestean’, ‘Silvia’, ‘ a anska
Rana’, ‘Katinka’, ‘Reine Claude d’Althan’, ‘Tita’, ‘Albatros’, ‘ a anska Lepotica’
and ‘Reine Red’ cultivars. The attack degree index calculated for the fruit of these
cultivars did not exceed 2%. The trees of ‘Stanley’, ‘Oneida’, ‘Carpatin’, ‘Flora’,
‘Minerva’, ‘Anna Spath’ and ‘ a anska Najbolja’ cultivars showed no clear PPV
symptoms on fruit.
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Table 1
The spread of Plum pox virus in the canopy of plum cultivars,

after experimental inoculation with viruliferous aphids

Cultivar

Infected leaves in the canopy of inoculated trees

August
1st, 1999 July 11th, 2000 June 11th, 2001

Septem-
ber 11th,

2002

June
19th,
2003

June
24th,
2004

ELISA
results1

infec-
tion2

(%)

ELISA
results1

infec-
tion2

(%)

ELISA
results1

infec-
tion2

(%)

infec-
tion2

(%)

infec-
tion2

(%)

‘Centenar’ 0.03 (–) 6 0.90 (++) 22 0.97 (++) 51 67 88*

‘Stanley’ 0.04 (–) < 1 0.28 (+) 0 0.29 (+) 9 18 35

‘Reine Claude
d’Althan’ 0.02 (–) < 1 0.35 (+) < 1 0.21 (+) 2 9 32

‘Yakima 0.05 (–) 18 0.87 (++) 20 0.53 (++) 67 85* 89

‘Baragan’ 0.04 (–) 2 0.48 (+) 13 1.00 (++) 17 43 84*

‘Iulia’ 0.02 (–) 31 0.92 (++) 78 2.38 (+++++) 96* 98 99

‘Wolff’ 0.03 (–) 3 0.86 (++) 24 1.70 (++++) 41 70 95*

‘Tita’ 0.04 (–) 32 1.85 (++++) 61 1.38 (+++) 70 75 91*

‘Gunser’ 0.04 (–) 29 1.66 (++++) 69 2.28 (+++++) 75 94* 99

‘Pitestean’ 0.04 (–) 2 1.01 (+++) 3 1.41 (+++) 9 33 68

‘Silvia’ 0.05 (–) < 1 0.56 (++) < 1 0.96 (++) 19 36 53

‘Schuffer’ 0.02 (–) 2 0.41 (+) 11 1.79 (++++) 42 69 98*

‘Oneida’ 0.04 (–) 2 1.00 (+++) 11 1.55 (++++) 18 35 63

‘Carpatin’ 0.05 (–) < 1 0.13 (±) 0 0.17 (+) 9 11 12

‘Reine Red’ 0.03 (–) < 1 0.56 (+) < 1 0.81 (++) 10 18 53

‘Flora’ 0.03 (–) 1 0.72 (++) 6 1.79 (++++) 18 24 52

‘Minerva’ 0.03 (–) 0 0.13 (±) 0 0.18 (+) 8 15 28

‘Anna Spath’ 0.04 (–) 2 0.79 (++) 4 2.24 (+++++) 17 38 68

‘ a anska Najbolja’ 0.03 (–) < 1 0.39 (+) 0 0.16 (+) 6 6 7

‘ a anska Rana’ 0.02 (–) 9 0.95 (++) 21 2.09 (+++++) 98* 99 99

‘ a anska Lepotica’ 0.03 (–) 2 1.50 (+++) 8 1.13 (+++) 53 85* 98

‘ a anska Rodna’ 0.04 (–) 5 0.89 (++) 34 1.09 (+++) 97* 99 99

‘Albatros’ 0.03 (–) 32 1.71 (++++) 67 1.23 (+++) 98* 99 99

‘Katinka’ 0.02(–) 4 0.99 (++) 7 0.66 (++) 53 92* 100

Negative control 0.03 (–) 0.00 (–) 0.04 (–)

Positive control 1.54 (+) 0.72 (+) 2.04 (+)
1For the leaves collected from the shoots infested by virus transmitting aphids in 1999.
2Calculated as ratio: number of leaves showing symptoms/total number of leaves.
*Generalized infection.



Although some cultivars such as ‘Tita’, ‘ a anska Rana’, ‘ a anska Lepotica’,
‘Albatros’ and ‘Katinka’ with generalized infection in the canopy showed less
symptoms on fruit, the total yield was seriously affected. The yield loss observed
for these cultivars was as follows: ‘Tita’ – 33.3%, ‘ a anska Rana’ – 25.2%, ‘ a an-
ska Lepotica’ – 26.2%, ‘Albatros’ – 32.5% and ‘Katinka’ – 22.3%.
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Table 2
Plum pox symptoms observed on fruit of different plum cultivars,
five years after aphid inoculation of the trees with Plum pox virus

Cultivar F%1 I%2 A.D.%3 Description of symptoms

‘Centenar’ 45 22.3 10.0 dark spots on epidermis and slight deformation

‘Stanley’ 0 0.0 0.0 no symptoms

‘Reine Claude d’Althan’ 2 10.0 0.2 mild discolouration of the fruit epidermis

‘Yakima’ 69 27.8 19.2 ring spots on epidermis, deformation of the fruit

‘Baragan’ 2 6.5 0.1 mild discolouration of the fruit epidermis

‘Iulia’ 71 30.4 21.6 deformation of the fruit, fruit drops prematurely

‘Wolff’ 48 31.8 15.3 strong deformations of the fruit, depressions in flesh

‘Tita’ 6 4.2 0.3 reddening of the flesh, no deformations

‘Gunser’ 76 33.6 25.6 strong deformations of the fruit, depressions in flesh

‘Pitestean’ 2 6.5 0.1 mild discolouration of the fruit epidermis

‘Silvia’ 2 6.5 0.1 mild discolouration of the fruit epidermis

‘Schuffer’ 45 23.5 10.6 deformation of the fruit

‘Oneida’ 0 0.0 0.0 no symptoms

‘Carpatin’ 0 0.0 0.0 no symptoms

‘Reine Red’ 21 9.1 1.9 discolouration of the fruit epidermis, gums

‘Flora’ 0 0.0 0.0 no symptoms

‘Minerva’ 0 0.0 0.0 no symptoms

‘Anna Spath’ 0 0.0 0.0 no symptoms

‘ a anska Najbolja’ 0 0.0 0.0 no symptoms

‘ a anska Rana’ 2 6.5 0.1 mild discolouration of the fruit epidermis

‘ a anska Lepotica’ 20 8.3 1.7 discolouration of the fruit epidermis,
small deformations of the fruits

‘ a anska Rodna’ 59 26.2 15.5 deformation of the fruit, fruit drops prematurely

‘Albatros’ 17 8.3 1.4 discolouration of the fruit epidermis

‘Katinka’ 2 6.5 0.1 mild discolouration of the fruit epidermis
1 Frequency of symptom appearance.
2 Intensity of the symptoms.
3 Attack degree index.



Discussion

The visual observation and ELISA tests showed that the speed of Plum pox virus
(PPV) spread in plum canopy and concentration of the virus in the infected leaves
were very different from one genotype to another. Low incidence of symptoms on
the leaves, accompanied by relatively low concentration of virus particles in symp-
tomatic tissue – a manifestation of the quantitative resistance, was observed for
some cultivars in our experiments. This was probably determined by a polygene
action, resulting in the inhibition, to a certain extent, the viral replication as indi-
cated by Fuchs et al. (1997) and Kegler et al. (1998). Their results suggest that the
infection rate, virus replication and virus invasion can be more or less inhibited
by certain genotypes possessing a quantitative resistance trait.

For some cultivars (‘Tita’, ‘ a anska Rana’, ‘ a anska Lepotica’, ‘Albatros’,
‘Katinka’), generalized infection of the leaves in the canopy and lack of clear symp-
toms on the fruit was accompanied by apparent yield losses. A similar phenome-
non was reported by Minoiu and Lefter (1987) for ‘Tuleu dulce’ cv., where strong
symptoms of PPV on the leaves were correlated with significant reduction of the
yield of infected trees.
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