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Abstract

The only way to control epidemics of Plum pox virus (PPV) is the use of tolerant
or resistant varieties. Testing a number of apricot varieties for resistance to PPV of-
ten gave contradictory results because of differences in the evaluation protocols.
An improved protocol devised for assessing resistance levels has been validated on
469 apricot cultivars provided by breeders of the Universities of Milan, Bologna
and Pisa (Italy). The sequential steps of the protocol are: 1) bud grafting onto my-
robalan; 2) chip-bud inoculation on the rootstock with a known isolate of PPV-M;
3) inspection for leaf symptoms expression and testing by ELISA. Promising acces-
sions are tested by RT-PCR and indexing in the second year, and observed for two
additional years for fruit symptoms.
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Introduction

Plum pox virus (PPV) is the causal agent of sharka, the most destructive virus
disease of stone fruits in Europe. Eradication of infected trees, as required by na-
tional and international mandatory regulations issued to control the disease, can
be used for in areas with low PPV incidence, while its effectiveness can be greatly
reduced in the presence of epidemic virus spread. In areas where sharka is en-
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demic, breeding for resistance could represent a reasonable solution to the prob-
lem of apricot production.

Many studies have been done in Europe to find tolerance/resistance to PPV in
Prunus (Giunchedi 1986, Karayiannis 1989, Dosba et al. 1992, Balan and Stoian
1995, Faggioli and Barba 1997, Kegler et al. 1998, Hartmann 1999, Dicenta et al.
2000). However, literature reports describing the diverse levels of sensitivity (sen-
sitive/tolerant/resistant) of varieties used as germplasm donor for breeding are
not unequivocal because of differences in testing procedures and criteria of classifi-
cation (Table 1) (Kegler et al. 1998). Therefore, a validated protocol yielding com-
parable data is needed. The Department of Plant Protection and Applied
Microbiology (DPPMA-UBA) of the University of Bari, Italy, was involved in the
last years in national research projects, for developing and validating a protocol to
analyse the behaviour of stone fruit trees, challenged by different PPV strains, up
to fruiting (Amenduni et al. 2003).

Here we describe the protocol and present some preliminary results on 469
apricot seedlings from a breeding program for PPV resistance carried out in Italy.

Materials and methods

The tests were done in Apulia (South-East Italy) starting from 2000, on apricot
seedlings belonging to different crosses from a breeding program carried out at the
Universities of Milan, Bologna and Pisa (Italy). The first trial (2000 to 2002) in-
volved four populations: ‘Goldrich × Lito’ (31 plants), ‘Harcot × Reale d’Imola’
(110 plants), ‘Portici × Stark Early Orange’ (108 plants) (Table 2).
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Table 1
Behaviour of donor cultivars or accessions to PPV challenge infection

as reported in the literature

Cultivars or accessions Behaviour References

‘Goldrich’ resistant or tolerant

sensitive

Kegler et al. 1998

Faggioli and Barba 1997

‘Lito’ resistant or tolerant

100% resistant to PPV-D

Kegler et al. 1998

Dicenta et al. 2000

‘Harcot’ resistant or tolerant Dosba et al. 1991

Faggioli and Barba 1997

‘Stark Early Orange’ resistant or tolerant Kegler et al. 1998

‘Portici’ sensitive Faggioli and Barba 1997

‘Reale d’Imola’ sensitive Faggioli and Barba 1997

BO 81604311 sensitive D. Bassi, University of Milan, personal comm.



A second trial was carried out in 2003 using populations ‘Harcot × Reale
d’Imola’ (106 plants) and ‘Lito × BO81604311’ (114 plants) (Table 1). In both tri-
als, plants were grown under insect-proof screenhouse conditions in 150 L pots.

The main steps of the protocol (Amenduni et al. 2003) are:
A. Accessions to be tested are bud grafted onto seven myrobalan root-

stock plants, a rootstock more suitable than GF305 to stimulate fruiting.
B. Five grafted plants are then chip-bud inoculated on the rootstock with

a reference isolate of PPV-M (Boscia et al. 1997), while the other two plants are
not inoculated, serving as healthy control. The plants are transferred after one
month to an insect-proof screen house for the winter to complete their chilling
requirements. At the end of winter grafted plants are moved to a greenhouse at
22–24°C, pruned above the apricot bud and maintained for about four months.

C. In the first vegetative season, the plants (both apricot seedlings and
rootstocks) are inspected for leaf symptoms expression and tested, regardless of
whether they show symptoms or not, by DASI-ELISA (Cambra et al. 1994) us-
ing the universal MAb5B (Agritest, Italy). At least two buds from grafted
rootstock are allowed to sprout to observe leaf symptoms.

D. In the second vegetative season promising accessions, i.e. those that
showed no symptoms and were ELISA negative, are tested by RT-PCR (Wetzel
et al. 1991) and indexed by top-grafting with GF305, to further check their sani-
tary status.

E. Promising accessions are observed for three additional years, for the
presence of fruit symptoms.

F. The determination of the level of resistance is done according to the
following criteria:

a) sensitive, selection infected by PPV, symptomatic, in which the virus
normally replicates and spreads;

b) tolerant, selection infected by PPV, symptomless or with very mild leaf
symptoms, in which the virus normally replicates and spreads;

c) resistant, selection infected by PPV, symptomless, in which the virus
replicates and spreads at a low level;

d) immune, selection without symptoms, which are not infected.
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Table 2
Results of the evaluation protocol for the sensitivity to PPV on the seedlings

during the 1st vegetative season

Populations
Tested

seedlings
per population

Results after the 1st vegetative season

symptomatic
and ELISA

positive

asymptomatic
and ELISA

positive

asymptomatic
and ELISA
negative

‘Goldrich × Lito’ 31 20 5 6

‘Harcot × Reale d’Imola’ 110 83 19 8

‘Portici × Stark Early Orange’ 108 107 – 1

Total 249 210 24 15



Only for the trial of 2003, individual plants from the two crossings were grafted
on myrobalan, as previously reported. Moreover, two plants for each accession
were also grafted onto GF305, to speed up symptom response after virus chal-
lenge. For the population ‘Harcot × Reale d’Imola’, challenging inoculation was
only with PPV-D (isolate Provenzano 0025, DPPMA-UBA collection) since its be-
haviour to the M strain was already known from previous tests. Accessions from
the second crossing were inoculated with strains D and EA.

Results

The results obtained in the validation tests after the first vegetative season are
presented in Table 2. Most of the seedlings showed symptoms and were ELISA-
-positive, 24 were symptomless but were also ELISA-positive. Only 15 seedlings
were symptomless and ELISA-negative.

However, when they were tested in the second vegetative season by RT-PCR
and indexing on GF305, all proved to contain PPV.

According to the results obtained by our protocol and compared to what re-
ported in literature (Conti et al. 1996, Kegler et al. 1998, Dicenta et al. 2000) the
seedlings tested during the first trial were classified as shown in Table 3.

Discussion

Our tests did not identify any immune seedlings, i.e. symptomless seedlings
in which the virus does not replicate and spread, but some “resistant” or symp-
tomless plants. This classification is not yet conclusive, since results of the chal-
lenge inoculation of plants in the fruiting stage are not yet available, the same as
those of the tests done in 2003.
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Table 3
Number of tested seedlings and their classification according the sensitivity

to PPV in the evaluation protocol

Populations Tested seedlings
per population

Sensitive
selections

Tolerant
selections

Resistant
selections

Immune
selections

symptoms,
ELISA

positive

no symptoms,
ELISA

positive

no symptoms,
ELISA

negative, PCR
positive

ELISA, PCR
and indexing

negative

‘Goldrich × Lito’ 31 20 5 6 0

‘Harcot × Reale d’Imola’ 110 83 19 8 0

‘Portici × Stark Early Orange’ 108 107 0 1 0

Total tested seedlings 249 210
(84,34%)

24
(9,64%)

15
(6,02%)

0
(0%)



The preliminary results obtained with our protocol for the evaluation of the be-
haviour of apricot varieties and accessions to PPV infection, show that a validated,
internationally-recognized protocol is needed to identify “real” virus resistance.

In such a protocol the following specific issues are to be considered: 1) number
of vegetative seasons needed for obtaining reliable results; 2) inspection during
fruiting; 3) type of diagnostic tests to be performed. Since visual inspection for
symptoms expression and ELISA are not enough to assess the resistance/tolerance
of varieties or seedlings, the use of molecular tests and indexing is desirable, 4) es-
tablish the environmental conditions of the test, as they are critical for virus repli-
cation and symptom expression.

For successful breeding programs, the preliminary evaluation of the behaviour
of the donor varieties to be used toward PPV strain infection is essential.
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