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Introduction

The stone fruit industry is important for the
agriculture sector of Bosnia and Herzegovina, in
particular European plum (Prunus domestica),
which has a long cultivation tradition and num-
bers in the millions of trees planted. The northern
part of the country (Bosnia) is primarily devoted
to plum production, while the southern part (Herze-
govina) grows cherry, peach and apricot.

Although in the former Yugoslavia Peach latent
mosaic viroid (PLMVd) was reported to occur in
peach and plum (Shamloul et al., 1995; Hadidi et
al., 1997), the search for viroids was limited. Re-
cently a large-scale survey for PLMVd and Hop
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stunt viroid (HSVd) was completed in orchards lo-
cated in Bosnia and Herzegovina, and the findings
of this survey are presented here.

Materials and methods

Validation of tissue-imprint hybridization (TIH)
assays as compared with dot-blot hybridization
(DBH)

Prior to our large-scale surveys we tested 81
peach trees comparing the two assays, with PLM-
Vd as the target viroid.

With DBH, total RNA extraction was made by
a non-organic method as described by Astruc et al.
(1996). SP6 and T7 RNA polymerase-generated
full-length cRNA was used for Digoxigenine labeled
probes (Shamloul et al., 1995; Astruc et al., 1996).
Samples were blotted onto membranes, and pre-
hybridization and hybridization steps performed
as described in Más and Pallás (1995) and Pallás
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et al. (1998). Chemiluminiscent detection was car-
ried out according to manufacturer’s instructions,
using Fab-fragments conjugated to alkaline phos-
phatase.

For TIH, fresh cut ends of leaf petioles were
pressed onto a nylon membrane (in duplicates) and
processed according to Pallás et al. (2003).

Large-scale survey for viroids

The main stone fruit growing areas of Bosnia
(Banja Luka, Gradacac and Sarajevo) and Herze-
govina (Mostar) were surveyed. A total of 230 trees
of European plum (P. domestica), 66 of peach (P.
persica), 11 of wild peach (P. persica ssp. vulgaris),
11 of apricot (P. armeniaca), 65 of cherry (P. avium
and P. cerasus), 16 of myrobalan (P. cerasifera) and
11 of blackthorn (P. spinosa). Commercial orchards
varied in age and cultivation technology. Both na-
tive and imported cultivars were sampled.

Leaves were randomly sampled for tissue im-
printing in autumn and were imprinted in the field.
The membranes were stored at 4°C and developed
two weeks later at the Mediterranean Agronomic
Institute of  Bari (Italy). The collections, also stored
at 4°C, were held as backup for RT-PCR assays on
those samples that had given a doubtful reaction
(Astruc et al., 1996; Ambrós et al., 1998).

Tracking of PLMVd in peach trees

PLMVd was monitored by TIH in 10-year-old
peach trees in autumn (leaf petioles), winter (dor-
mant cuttings and forced sprouts from dormant
cuttings), and spring (leaf petioles).

Results
Validation of TIH assay

Of the 81 peach trees tested,  DBH detected 30

PLMVd-positive trees (Fig. 1b) and TIH 29 (Fig.
1a). Twenty-eight PLMVd trees were detected by
both assays but three PLMVd trees were not in
common, i.e. two were positive by DBH only (C2

and H9) and one by TIH only (B2). Based on the
relative ease of tissue imprinting, the TIH assay
was selected in our survey.

Large-scale survey

In Bosnia and Herzegovina, collections were
made in 33 commercial orchards and 2 nurseries.
PLMVd-like symptoms (fruits with small discolor-
ed spots and suture cracks) were observed in some
peach samples. No particular symptoms associat-
ed to HSVd were observed. A total of 230 plums,
77 peaches, 65 cherries, 11 apricots and 27 other
Prunus spp., were collected during October 2003
and assayed  for PLMVd and HSVd. Forty-four
(11%) samples tested positive for viroids (Table 1),
with PLMVd in 39 peach samples and  HSVd in 3
apricots and 2 plums. PLMVd incidence in peach
was 51% and that of HSVd in apricot was 27%.

RT-PCR test, carried out on doubtful positive
samples, confirmed the hybridization results (data
not shown).

Both native and imported cultivars of Prunus
were infected by viroids and incidences were rela-
tively high irrespective of cultivars (Table 2). PLM-
Vd infection rate in peach was highest in the im-
ported cvs.: i.e. Loedel (80%), Red Haven (74%),
Sun Crest (67%) etc. Interestingly, two mature
seedling trees of vineyard peach (Prunus persica
ssp.  vulgaris) assayed positive for PLMVd (Table
2). Among six plum cultivars, HSVd was detected
only in the native cv. Bjelica (1 out of 8) and the
imported cv. Stanley (1 out of 55). In a limited
number of apricots samples (11) 3 trees tested pos-
itive for HSVd.

Table 1. Results of  tissue-imprint hybridization (TIH) assays for PLMVd and HSVd.

No. of trees Infection rate Viroids detected
              Species (%)Tested Infected PLMVd HSVd

Plum 230 02 01 – 2
Peach 77 39 51 39 –
Cherry 65 – – – –
Apricot 11 03 27 – 3
Other Prunus spp. 27 – – – –

Total 410 44 11 39 5
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Fig. 1. Comparison of TIH (a) and DBH (b) for detection of PLMVd. Columns 1-H, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 are
tested samples. A, B and C in column 1, and A, B, C and D in column 12 are positive controls. D, E, F and G in lane
1, and E, F and G in column 12 are negative controls. DNA plasmid control is spotted in column 12-H on both
membranes.

PLMVd was widely distributed throughout the
country, while HSVd appeared limited in two are-
as in the Northern regions (Fig. 2). Taking in con-
sideration the small number of tested apricots, a
host reported as highly susceptible to HSVd, a larg-
er survey may prove worthwhile to more accurate-
ly reflect its incidence in orchards.

Tracking of PLMVd in peach

Twenty-four PLMVd infected peach trees were
monitored for the presence of the viroid, in dif-
ferent seasons during the year: October, Janu-
ary and May. PLMVd was detected nearly in all
samples, even in dormant wood (Table 3). The
highest rate of detection (100%) was in autumn

using leaf petioles, but a very good result (96% of
positive detection) was obtained by testing also
dormant cuttings and young sprouts forced from
them in greenhouse (not shown). Although the
highest detection rate was in autumn, reliable
levels of detection were obtained during winter
and spring also. Comparing the results of dor-
mant cuttings, collected in January, with those
obtained from young sprouts forced from them in
a greenhouse at 18–22°C, both tissues gave iden-
tical results (23 positives out of 24 tested), but
more clear-cut results were obtained from young
sprouts than directly from dormant cuttings. The
same positives were detected from leaf petioles
collected in May.
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Table 2. Viroid infection related to Prunus cultivars.

No. of trees Viroid infection InfectionSpecies         Varieties Origin rate (%)Tested Infected PLMVd HSVd

Peach Red Haven Imported 19 14 14 – 74
Vesna Native 10 5 5 – 50
Early Red Haven Imported 9 5 5 – 56
Loadel Imported 5 4 4 – 80
Dixired Imported 5 3 3 – 60
Spring Crest Imported 5 2 2 – 40
Sun Crest Imported 3 2 2 – 67
Conus Imported 2 1 1 – 50
Cardinal Imported 2 0 – – 0
Vineyard peach Native 11 2 2 – 18
Unknown – 6 1 1 – 17

Plum Stanley Imported 55 1 – 1 2
Pozegaca Native 49 0 – – 0
Cacanska Rodna Native 48 0 – – 0
Cacanska Lepotica Native 43 0 – – 0
Cacanska Najbolja Native 27 0 – – 0
Bjelica Native 8 1 – 1 13

Apricot Novosadska Rana Native 7 1 – 1 14
Luizet Imported 1 1 – 1 100
Magiar Kajszi Imported 1 1 – 1 100
Unknown – 2 0 – – 0

Table 3. PLMVd tracking in peach.

Collection Average No. of trees
  Season        Tested tissue location temperature (°C) Infected/Tested Detection rate (%)

Autumn Leaf petioles Field 25–28 24/24 100
Winter Dormant cuttings Field 0–3 23/24 96
Winter Sprouts from cuttings Green house 18–22 23/24 96
Spring Leaf petioles Field 16–18 21/22 96

Discussion

PLMVd was recorded previously from the
former Yugoslavia, although the number of tested
samples was limited (Shamloul et al., 1995; Hadi-
di et al., 1997). Results of our surveys report for
the first time the occurrence of HSVd in Bosnia
and Herzegovina. Use of the TIH assay, as proposed
by Pallás et al. (2003), allowed us to process a large
number of samples at each collection site in a rap-
id, efficient manner.

In our study, TIH was successful in detecting

97% of the positives obtained by dot-blot hybridi-
zation. Considering those results, tissue-imprint-
ing, thanks to its easy and rapid approach, was
chosen to be used in the large-scale survey for the
viroids of stone fruit trees.

The high incidence of PLMVd in peach and oc-
currence of HSVd in apricot fit well with data re-
ported in other Mediterranean countries, i.e. with
PLMVd in Spain (Badenes and Llácer, 1998), Italy
(Barba and Faggioli, 1999), Syria (Ismaeil et al.,
2001), Albania and Western Turkey (Torres et al.,
2004), and for HSVd in South-Eastern Spain (Cañi-
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Fig. 2. Distribution (in circles) of PLMVd (solid) and HSVd (open) in Bosnia and Herzegovina.

zares et al., 1998), Syria (Ismaeil et al., 2001), West-
ern Turkey and Egypt  (Torres et al., 2004).

The PLMVd-infected “vineyard peaches”, origi-
nated by seed, raise the problem of viroid epidemi-
ology. Actually, there is no clear information on
PLMVd epidemiology, although the natural spread
of the viroid in peach orchards has been reported
(Desvignes, 1980). Aphid- and cutting tool-trans-
missions are possibilities (Desvignes, 1986; Flores
et al., 1992; Hadidi et al., 1997), but more studies
are needed to clarify this epidemiological aspect.

PLMVd was readily detected in leaf petioles and
dormant shoots in all examined seasons and from
all types of tissues used, similarly with what re-
ported by Amari et al. (2001) for HSVd. The detec-
tion of PLMVd from field cuttings in winter (at
about 0°C) was consistent with the data obtained
by Torres et al. (2004). The wide temperature range,
from about 0°C in winter to 25–28°C in autumn,

within which PLMVd is detected, indicates that the
viroid concentration in peach trees is high under a
wide range of natural conditions. This offers a good
opportunity to carry out reliable sanitary tests for
propagating material even during dormancy.
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