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ABSTRACT
Bulaji¢, A., Djeki¢, 1., Jovi¢, J., Krnjaji¢, S., Vucurovi¢, A., and Krsti¢, B. 2010. Phytophthora
ramorum occurrence in ornamentals in Serbia. Plant Dis. 94:703-708.

In a survey to determine the presence of Phytophthora ramorum in Serbia, ornamentals from
garden centers, nurseries, and private and public gardens, as well as imported plant material,
were inspected. In total, 577 plant, soil, and potting media samples were tested using various
detection methods: lateral flow diagnostic test, enzyme-linked immunosorbent assay, conven-
tional polymerase chain reaction, and isolation, followed by identification based on growth char-
acteristics in culture and morphological features. P. ramorum was not detected in any of the 162
soil or potting media tested by the baiting method. P. ramorum was detected in 12 Rhododen-
dron samples from one private garden in Zemun (City of Belgrade District) exhibiting symptoms
of leaf necrosis and blight and petiole necrosis, and in three samples of Pieris spp. from one
garden center exhibiting symptoms of leaf necrosis. Eight Phytophthora isolates were obtained
from the positive Rhododendron plants and three isolates from Pieris plants, and all were identi-
fied as P. ramorum on the basis of their uniform morphological and growth characteristics. P.
ramorum conformation was also made by sequencing of the internal transcribed spacer regions
for a single isolate taken from one infected rhododendron and one pieris plant. Serbian isolates
were determined as Al mating type, due to formation of a few typical sexual structures when
crossed with the A2 mating type of P. cinnamomi and P. cryptogea. Pathogenicity test on non-
wounded detached leaves of 19 popular ornamentals, as well as the most frequently imported
ones, revealed that 10 host species were susceptible, including Robinia pseudoacacia, which is
widely distributed in Serbia. During this study, Cotoneaster horizontalis and C. dammeri were
determined to be new experimental hosts of P. ramorum. This article provides evidence of P.
ramorum introduction into Serbia. Although P. ramorum has not been detected in Serbian pro-
duction nurseries, its presence outdoors might cause severe damages on susceptible common
urban plants in public green and natural ecosystems.

Phytophthora ramorum Werres, De
Cock & Man in 't Veld, an oomycete in the

Union (EU) enforced phytosanitary emer-
gency measures to prevent the spread of

Stramenopila kingdom, is an exotic patho-
gen causing two kinds of diseases with
different types of symptoms: sudden oak
death (SOD) in North America, with
bleeding lesions and stem canker on oak
trees; and ramorum blight, with twig die-
back or foliar lesions on trees and woody
ornamentals in forests, nurseries, and gar-
dens in both Europe and North America
(9,16,21). Although these diseases were
first noticed in the 1990s, P. ramorum was
not considered to be very harmful in
Europe (17). However, the status of P.
ramorum was changed in Europe when it
was identified as the causal agent of SOD
in California, causing serious problems on
oak trees (34). As a result, the European
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European as well as the introduction of
non-European P. ramorum isolates in the
EU (2). Until now, P. ramorum has been
found in 21 countries in Europe (35), and
seven U.S. states were found to have nurs-
eries with plants that tested positive for P.
ramorum (28) whereas, in California, Ore-
gon, and Washington, it has been estab-
lished in nature (4).

P. ramorum has a remarkably wide host
range that currently includes over 100
plant species, both in nature and in orna-
mental nurseries (16). P. ramorum is con-
sidered to be an aboveground plant patho-
gen (18,45) but also has a soil phase (37).
This pathogen is able to survive in soil and
is infective for the roots of rhododendron
(32). In infected plant tissue, P. ramorum
produces chlamydospores for long-term
survival (8) which, in a favorable environ-
ment, develop to form numerous sporangia
(37). Germination or release of zoospores
depends upon conditions, although it has
been shown that zoospores are more infec-
tive than sporangia (45). There are three
currently known clonal lineages of P.

ramorum: NA1 (isolates of A2 mating type
from forests and nurseries in North Amer-
ica), NA2 (A2; nurseries in North Amer-
ica), and EUI (predominantly Al, rarely
A2; nurseries, gardens, and woodlands in
Europe and North America) (14,22,23).
Until now, the sexual cycle of P. ramorum
has not been documented in nature, and
formation of oospores could be induced
only by pairing with the opposite mating
type of some heterothallic Phytophthora
spp. under controlled conditions (6,43).

Continual detection of P. ramorum in
ornamental nursery stocks in North Amer-
ica and Europe raised concern about poten-
tial spread through plant material trade. All
around the world, quarantine efforts are
undertaken to control the spread of this
harmful organism. Surveys were con-
ducted in many countries in order to estab-
lish the presence and distribution of P.
ramorum, including Canada (1), North
Carolina (21,41), Oregon (31), Minnesota
(36), Sweden (25), the Netherlands (17),
and Spain (30). Investigations like these
are continuously conducted due to major
concern about long-term negative impact
on the environment and economy (5).

At the beginning of 2006, an intensive
survey was initiated in Serbia, according to
the European Commission Decision
2002/757/EC (2), and the experiences of
other European countries that showed that
P. ramorum posed a high risk and poten-
tially destructive impact on forests and
natural ecosystems. A preliminary report
on the first finding of P. ramorum in Serbia
was published (7), encouraging further
investigation of the presence of P
ramorum in Serbia. The primary objective
of this study was to gain insight into the
occurrence and distribution of P. ramorum
in Serbia by sampling and testing (i) im-
ported ornamental plants; (ii) particular
ornamental species as potential host plants
in garden centers, nurseries, and open gar-
dens; and (iii) soil and potting media in
which inspected plants were grown or
delivered. In addition, preliminary suscep-
tibility assessment of several frequently
distributed and mostly imported ornamen-
tals was made to evaluate their potential as
P. ramorum hosts in Serbia.

MATERIALS AND METHODS
Sample collection. During 2006 to
2008, an extensive survey was conducted

Plant Disease / June 2010 703



in order to detect the presence of P.
ramorum in Serbia. The survey included
ornamentals from garden centers and other
retail facilities and, to a lesser degree, pro-
duction nurseries and private and public
gardens, as well as ornamentals imported
into Serbia. In total, over the course of the
surveys, 8,981 plants from 13 genera that
are known to be P. ramorum host plants
(Acer, Camellia, Rhododendron, Pyracan-
tha, Rosa, Viburnum, Vaccinium, Cotone-
aster, Lonicera, Taxus, Syringa, Pieris,
and Leucothoe) were visually inspected
and 577 samples were collected, including
415 samples of plant tissue and 162 sam-
ples of soil and potting media (Table 1).

Samples were collected from plants that
exhibited symptoms resembling those of
foliar infection by P. ramorum, such as
necrotic leaf lesions with diffuse margins
and twig and branch necrosis (31,44).
Samples of leaves, twigs, and branches
were also collected from a number of
plants with atypical disease symptoms, as
well as from some asymptomatic plants in
which the sampling and detection focused
on leaf tips and petioles. Sampled plant
tissues were sealed in plastic bags with a
piece of damp paper after collection and
processed within 72 h after arrival to the
laboratory.

Whenever possible, potting media or
soil surrounding sampled plants were col-
lected and tested for the presence of P.

ramorum using the baiting technique (39)
with leaves of Rhododendron variegatum
and R. morgenrot, previously shown to be
susceptible (7). Each sample consisted of
approximately 200 g of potting media or
soil from a depth of up to 10 cm. These
samples were tested by flooding with dis-
tilled water and baiting with healthy rho-
dodendron leaves. After 5 to 7 days, all
baiting leaves showing symptoms were
removed, blotted on paper towels, surface
sterilized, and further analyzed using cul-
turing and molecular detection, as de-
scribed for plant tissue material.

Lateral flow diagnostic test. A lateral
flow diagnostic (LFD) test was performed
using the Alert LF Phytophthora spp. kit
(Neogen Europe Ltd., United Kingdom),
following the manufacturer’s instructions.
Pieces of plant tissue were placed into
bags with extraction buffer and homoge-
nized. Two drops of suspension were put
onto each LFD device using a pipette,
allowing them to run along the membrane.
Results were recorded up to 3 min after the
appearance of the blue control line. The
appearance of the second blue test line
indicated that the sample was positive.

Enzyme-linked immunosorbent assay.
The double-antibody sandwich enzyme-
linked immunosorbent assay (DAS-
ELISA) was performed using the Phy-
tophthora PathoScreen Kit (Agdia Inc.,
Indiana), according to the manufacturer’s

instructions. An ELISA detection kit was
used for Phytophthora spp. detection di-
rectly on plant samples, as well as on
fragments of fungal colonies on agar dur-
ing the isolation and culturing of suspected
isolates. Leaf tissue samples of 30 mg or
agar colony fragments with total area of 1
cm? were homogenized with pestle and
mortar in 300 pl of the kit’s GEB2 buffer.
The homogenized mixture was centrifuged
for 1 min at 14,000 x g and 100 pl of the
resulting supernatant was used for the
DAS-ELISA. Lyophilized positive and
negative controls provided with the kit
were rehydrated in 2 ml of GEB2 buffer as
recommended. Two replicates were used
for each sample and commercial positive
and negative controls were included in
each ELISA. Absorbance at 405 nm was
measured 1 h after addition of the kits PNP
substrate using an ELISA microplate
reader (DASsrl, Italy). Samples with ab-
sorbency values two or more times higher
than the negative control were considered
positive for the presence of Phytophthora
spp. The average value of the negative
control was 0.054.

Culturing. Plant samples were washed
in tap water and surface sterilized with
70% ethanol; then, small pieces of material
(approximately 1 cm? each) from the lead-
ing edge of symptomatic tissue were
placed on Phytophthora semiselective
media PsARP[H] and the fungal colonies

Table 1. Number of samples inspected and tested for the presence of Phytophthora ramorum in Serbia during 2006 to 2008

No. of tested samples?

P. ramorum presence®

Host plants Year No. of plants® Tissue Potting LFD ELISA Culture PCR
Imported ornamentals
Acer sp. 2006 120 2 2 0 0 0 0
Camellia japonica 2006 130 3 1 0 0 0 0
Rhododendron sp. 2006 1,680 92 28 74 8d 0 0
2007 1,340 45 18 44 4d 0 0
2008 160 3 3 14 14 0
Pyracantha sp. 2006 240 3 1 0 0 0 0
2007 198 7 - 0 0 0 0
Rosa sp. 2006 3,460 93 12 0 0 0 0
Viburnum sp. 2008 50 1 1 0 0 0 0
Vaccinium sp. 2006 230 21 11 0 0 0 0
2007 190 34 12 0 0 0 0
2008 220 12 - 0 0 0 0
Garden centers
Camellia japonica 2008 65 12 12 0 0 0 0
Rhododendron sp. 2008 140 21 21 3d 3d 0 0
Pyracantha sp. 2008 40 12 12 0 0 0 0
Viburnum sp. 2008 65 6 6 0 0 0 0
Pieris sp. 2008 64 7 - 3 3 3 3
Leucothoe sp. 2008 42 4 - 0 0 0 0
Nurseries
Cotoneaster sp. 2008 240 3 3 0 0 0 0
Lonicera sp. 2008 125 2 6 0 0 0 0
Pyracantha sp. 2008 80 7 6 0 0 0 0
Taxus sp. 2008 80 3 5 0 0 0 0
Public and private gardens
Rhododendron sp. 2008 15 15 - 12 12 8 12
Viburnum sp. 2008 3 3 1 0 0 0 0
Syringa sp. 2008 4 4 1 0 0 0 0

2 Sample of plant tissue (Tissue) or potting media or soil (Potting).
b Presence was determined by lateral flow diagnostic (LFD) test, enzyme-linked immunosorbent assay (ELISA), culturing (Culture), or polymerase chain

reaction (PCR).
¢ Number of inspected plants.

d Results obtained after testing soil or potting media using the baiting method.
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obtained were later transferred to CPA
(44). PsARP[H] was prepared as conven-
tional corn meal agar amended with anti-
biotics pimaricin, ampicillin, rifampicin,
and pentachloronitrobenzene. CPA was
prepared from 50 g of carrot pieces and 20
g of agar per 1,000 ml of distilled water.
The initial isolations were performed on
PsARP[H]; the plates were kept at 20°C in
the dark and inspected for Phytophthora
spp. types of colonies after 7 days. All
Phytophthora-like colonies were further
cultured on CPA and, after that, identified
by ELISA. All ELISA-positive isolates
were identified on the basis of their growth
characteristics in culture and morphologi-
cal features (44).

Molecular detection. Molecular detec-
tion and identification of P. ramorum iso-
lates were performed with nested poly-
merase chain reaction (PCR), using
internal transcribed spacer (ITS) primers
Phytol (5-CAT GGC GAG CGC TTG A-
3’) and Phyto4 (5’-GAA GCC GCC AAC
ACA AG-3’) in the first round and Phyto2
(5’-AAA GCC AAG CCC TGC AC-3") and
Phyto3 (5"-GGT GGA TGG GGA CGT G-
3’) in the second round, as described by
Hayden et al. (20).

Bulk DNA was isolated directly from
100 mg of sampled plant tissue of leaves,
twigs, or branches, as well as from cul-
tured mycelia using the Qiagen DNeasy
Plant Mini Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instruc-
tions. DNA was extracted in 100 pl of
elution buffer and further used as a target
in PCR reaction. Each 25 pl of reaction
mixture contained 12.5 pl of 2x PCR mas-
ter mix containing 2 mM MgCl, (Fermen-
tas Life Sciences GmbH, Lithuania), 6.25
ul of template DNA, and 1 pl of 10 uM
each primer. The remainder of the master
mix reaction was made up of sterile mo-
lecular-grade water. PCR cycling condi-
tions were the following: an initial denatu-
ration at 94°C for 85 s; followed by 35
cycles of 93°C for 35 s, 62°C for 55 s, and
72°C for 50 s each; and a final extension at
72°C for 10 min. Products from the first
amplification were diluted 1/500 in mo-
lecular-grade water, then subjected to the
second amplification using primer set
Phyto2/Phyto3. The protocol for the sec-
ond round used exactly the same reaction
reagents and conditions as for the
Phyto1/Phyto4 amplification. Amplified
fragments were separated by electrophore-
sis on a 1% agarose gel, stained with
ethidium bromide in Tris-borate-EDTA
buffer, and visualized under UV light.

Sequencing. For DNA isolation, a sin-
gle hyphal-tip culture of isolate Pr92-08,
originating from Rhododendron spp., and
isolate Pr6-08, originating from Pieris
spp., was grown in pea broth for 7 days at
room temperature (21 to 23°C) (21). Pea
broth was prepared by autoclaving 120 g
of frozen peas in 500 ml of deionized wa-
ter. After filtration through several layers

of cheesecloth, the filtrate was brought up
to 1,000 ml with deionized water and auto-
claved for 25 min. Mycelia of the isolates
were filtered and collected in 1.5-ml mi-
crotubes, and the DNA was extracted by
the Qiagen DNeasy Plant Mini Kit
(Qiagen) according to the manufacturer’s
instructions.

Amplification products of predicted
size, obtained using Phytol/Phyto4 prim-
ers (20) and derived from the isolates
Pr92-08 and Pr6-08, were sequenced di-
rectly after the purification with the
QUIAgqick PCR Purification Kit (Qiagen).
Sequencing was performed on automated
equipment (BMR Genomics, Padova, It-
aly) using both primers. The nucleotide
sequences of the amplification products
were deposited in the National Center of
Biotechnology Information (NCBI) Gen-
Bank database and compared online with
those of previously reported P. ramorum
isolates using BLAST (http://www.ncbi.
nlm.nih.gov/BLASTY/).

Determination of mating type. Single
hyphal-tip cultures of isolates Pr92-08 and
Pr6-08, originating from rhododendron
and pieris plants, respectively, were used
for determination of mating types by pair-
ing with Al and A2 tester isolates of five
different Phytophthora spp.: P. cambivora
(BBA 21/95-KII, Al and BBA 20/95-2b
11, A2), P. cinnamomi (BBA 69094, Al
and BBA 62660, A2), P. cryptogea (BBA
65909, Al and BBA63651, A2), P.
drechsleri (BBA 65172, A1 and BBA
62679, A2), and P. ramorum (BBA 9/95,
Al and BBA 26/02, A2) (44). The isolates
were tested by mycelial mixing on thin
carrot agar (CA; 6). CA was prepared by
liquidizing 200 g of carrot in 500 ml of tap
water, filtering through cheesecloth, and
bringing the filtrate up to 1,000 ml with
tap water. After autoclaving, CA was
poured into petri dishes to form thin layers
(10 ml/plate). Both isolates to be tested
and all tester isolates were subcultured on
thin CA and incubated for 3 days at 20°C
in the dark. After 3 days, all the isolates
were subcultured again under the same
conditions. Each isolate was paired with a
tester isolate of known mating type. A
small colony piece of each isolate to be
tested was grown together in mycelial mix
with each tester isolate of known mating
type of each Phytophthora sp. and incu-
bated for 4 to 7 days at 20°C in the dark.
After incubation, plates were searched for
gametangia by scanning the area under the
mixed pieces of mycelia using a compound
microscope. The formation of gametangia
proved that the tested isolate was of the
opposite mating type to the tester isolate.

Pathogenicity test. Pathogenicity of
isolates Pr92-08, originating from rhodo-
dendron, and Pr6-08, originating from
pieris, was tested on nonwounded detached
leaves from 19 plant species that are
widely distributed ornamentals in Serbia or
frequently imported. The following 15

healthy host species were purchased from
one garden center and maintained under
greenhouse conditions for 8§ months before
inoculation: a Pyrachantha sp., Cotoneas-
ter dammeri, C. horizontalis, Prunus cera-
sus, P. laurocerasus, R. simsii ‘Helmut
Vogel’, R. simsii “Tamira’, R. simsii ‘Vogel
Luntera’, R. ponticum ‘Variegatum’, R.
yakushimanum ‘Morgenrot’, R. ‘Cosmo-
politan’, Osmanthus heterophyllus ‘Go-
shiki’, Viburnum plicatum ‘Mariesii’, V.
opulus ‘Roseum’, and Vaccinium vitis-
idea. Healthy leaves of four common ur-
ban ornamentals (Robinia pseudoacacia,
Syringa vulgaris, Forsythia x intermedia,
and a Magnolia sp.) were also freshly col-
lected on the day scheduled for the inocu-
lations. For inoculations, zoospore suspen-
sions of the two isolates were prepared
according to Denman et al. (11). The iso-
lates were cultured on CPA and incubated
in the dark at 20°C for 14 days. Cultures
were flooded with 5 ml of sterile water and
sporangia were dislodged by rubbing the
culture surfaces with a sterile, bent glass
rod. The liquid was poured into a sterile
beaker which was placed at 7°C for 1 h
and then at 20°C for 75 min to induce
zoospore release. The zoospore suspension
concentrations were measured and ad-
justed to 1 to 4 x 10° zoospores/ml by a
hemacytometer. Selected plant leaves were
washed in tap water, surface sterilized by
wiping with cotton wool, moistened with
70% ethanol, and air dried. Leaves, with
the adaxial sides down, were individually
placed into petri dishes containing paper
towels moistened with sterile water to
maintain moisture during the entire ex-
periment. The abaxial side of each leaf was
inoculated by placing a 50-ul drop of pre-
pared zoospore suspension. From each
plant species, 10 fully developed healthy
leaves were inoculated with zoospore sus-
pension of each P. ramorum isolate, and 10
leaves were inoculated with sterile water
and used as a negative control. The ex-
periment was repeated twice. Symptom
development was inspected daily for 15
days after the inoculation. The petri dishes
containing test samples were incubated at
20°C in the dark.

RESULTS

During the course of the surveys, from
2006 to 2008, 577 samples from a total of
8,981 visually inspected plants were col-
lected and tested for P. ramorum presence
using several detection methods: LFD,
ELISA, PCR, and isolation, followed by
identification on the basis of growth char-
acteristics in culture and morphological
features. The presence of P. ramorum was
not detected using any of the employed
methods on the 5,860 visually inspected
imported plants and 269 plant, soil, and
potting media samples tested in 2006.
Also, it was not detected in 1,728 in-
spected plants and 116 samples of different
origin, collected and tested in 2007. Dur-
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ing 2008, 192 samples were tested out of
1,393 visually inspected imported plants
and plants from garden centers, nurseries,
and private and public gardens. P.
ramorum was detected in 12 samples of
rhododendron ‘Baden-Baden’ from one
private garden in Zemun and in 3 samples
of a Pieris sp. from one garden center
(both from City of Belgrade District; Table
1). P. ramorum-positive Rhododendron
plants exhibited symptoms of leaf necrosis
and blight and petiole necrosis. Diseased
tissue showed dark brown to black discol-
oration with dieback of shoot tips and
brown spots with necrotic areas on the
leaves. P. ramorum-positive Pieris plants
exhibited symptoms of leaf necrosis,
mainly starting from leaf tips. The pres-
ence of the pathogen was successfully
detected using LFD, ELISA, culturing, and
nested PCR as described.

The 162 samples of soil and potting me-
dia were tested by baiting and, of these, 23
produced bait leaves which showed necro-
sis. Of these, 15 were LFD positive; the
same 15 samples plus 1 other were ELISA
positive for the presence of P. ramorum
but subsequent culturing and nested PCR,
as species-specific tests, revealed no P.
ramorum presence. From symptomatic
rhododendron baiting leaves, 11 isolates
were obtained, all exhibiting Phytophthora
spp. morphological features. However, all
of them formed typical oospore-like struc-
tures and, knowing that these isolates were
nested PCR negative for P. ramorum and
that it is a heterothallic and self-sterile
species, these isolates were not further
characterized.

Molecular detection. P. ramorum was
successfully detected using nested PCR
protocol in both the samples of sympto-
matic rhododendron plants from the pri-
vate garden and pieris plants from the gar-
den center. DNA extraction and PCR
detection were successful in leaves, twigs,
and branches of infected rhododendron,
and in leaves of infected pieris plants.

Primer pair Phytol/Phyto4, used in the
first round of nested PCR, yielded one
clear band of predicted size of 687 bp, and
the second round of nested PCR, with
primer pair Phyto2/Phyto3, resulted in one
visible band of 291 bp in all 12 rhododen-
dron and 3 pieris plants, which were sero-
logically and morphologically positive for
P. ramorum.

Identification based on morphology.
Eight isolates of Phytophthora spp. were
obtained from LFD-, ELISA-, and PCR-
positive rhododendron and three isolates
were obtained from pieris plants. All of the
isolates were identified as P. ramorum on
the basis of their uniform morphological
and growth characteristics on CPA.

The isolates were slow growing on CPA,
with average daily growth of 2.7 to 3.1
mm. The isolates formed whitish colonies
with sparse aerial mycelia and pale, con-
centric rings. After 4 to 7 days, all P.
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ramorum isolates produced numerous
semipapillate sporangia on CPA, arranged
either singly or, more frequently, in clus-
ters sympodially positioned on long spo-
rangiophores. Sporangia dimensions were
35 to 80 (54) by 17 to 32 (26) um. Besides
sporangia, all the isolates formed numer-
ous large, thin-walled chlamydospores,
positioned intercalary or terminally. Chla-
mydospores were hyaline to slightly pig-
mented, with dimensions ranging from 35
to 62 (48) um in diameter.

Identification based on sequencing.
Sequences of the ITS region of representa-
tive isolates Pr92-08 (GenBank accession
no. EU915480), originating from rhodo-
dendron, and Pr06-08 (GQ258666), origi-
nating from pieris, proved to be identical at
the nucleotide level of 99 to 100% with P.
ramorum isolates in the NCBI GenBank
database.

Mating type determination. Both
Pr92-08 and Pr6-08 were determined to be
A1 mating type, due to formation of a few
typical sexual structures when crossed
with A2 mating type of P. cinnamomi and
P. cryptogea. The sexual structures were
not formed when these isolates were
crossed with both mating types of P. cam-
bivora, P. drechsleri, and P. ramorum
tester isolates. QOogonia, amphigynous
antheridia, and oospores were difficult to
find because they were formed in small
numbers.

Experimental host range. Out of 19
tested plant species, frequently imported or
widely distributed in Serbia, 10 were sus-
ceptible to infection with both the repre-
sentative P. ramorum isolates used in this
study. Inoculated leaves exhibited necrotic
lesions of different sizes, which coalesced,
in time covering the entire leaflet. During
the experiment, the differences in patho-
genicity between two P. ramorum isolates
originating from Serbia were not observed.
Using both P. ramorum isolates, first
symptoms of necrotic spots were visible as
early as after 3 days on the following four
plant species: Rhododendron ponticum
‘Variegatum’ (20 infected/20 inoculated

leaves), R. yakushimanum ‘Morgenrot’
(20/20), Viburnum plicatum ‘Mariesii’
(20/20), and Robinia pseudoacacia

(20/20). The following six species devel-
oped first visible symptoms after 7 days:
C. horizontalis (20/20), C. dammeri
(18/20), Vaccinium vitis-idea (18/20), V.
opulus ‘Roseum’ (15/20), Prunus lauro-
cerasus (14/20), and Rhododendron ‘Cos-
mopolitan’ (13/20), while the remaining
nine plant species could not be infected:
Pyrachantha sp., P. cerasus, R. simsii
‘Helmut Vogel’, R. simsii ‘Tamira’, R.
simsii ‘Vogel Luntera’, O. heterophyllus
‘Goshiki’, S. vulgaris, Forsythia X inter-
media, and a Magnolia sp.

Reisolation of the fungus confirmed the
identity of the pathogen morphologically,
thus fulfilling Koch’s postulates. The
pathogen was also successfully detected by

PCR in all symptomatic leaves. P.
ramorum was not isolated nor was it de-
tected by nested-PCR protocol from any
asymptomatic inoculated leaves. The
leaves inoculated with sterile water
showed no reactions.

DISCUSSION

Production of ornamentals has been
growing rapidly in Serbia, because of the
increasing popularity and high trade value
of ornamental plant species. Their import
into Serbia, especially potted plants, is also
high, showing a trend that almost doubles
its value every year. The import of all cate-
gories of ornamentals exceeded the value
of US$12 million in 2004, including more
than US$4.5 million spent only on potted
plants. International movement of plants is
seen by many as a major pathway for the
introduction of many pathogens, including
exotic ones, such as P. ramorum (24,30).

Among plant species favored for horti-
cultural purposes, species of Rhododen-
dron, Viburnum, Pieris, Syringa, Camellia,
and Zaxus would most likely become in-
fected by P. ramorum, and some of them
have been involved in moving the patho-
gen through the international ornamental
trade and nursery shipments (16,29). Dur-
ing the last few years in Serbia, the popu-
larity of rhododendrons has been increased
substantially but, because they are not
produced in Serbian nurseries, the number
of imported plants has been increasing
constantly. The production of other P.
ramorum-susceptible host plants, such as
Cotoneaster, Magnolia, Pyracantha, Lo-
nicera, and Taxus spp., is registered in
Serbia but is still of significantly smaller
scale than their import. In consideration of
these facts, inspection and sampling during
the survey included only a limited number
of nurseries, instead focusing closer atten-
tion on imported ornamentals and plants in
garden centers. First isolated from rhodo-
dendron and viburnums in nurseries in the
Netherlands and Germany (44), P.
ramorum can now be found not only in
nurseries and garden centers but also in
private gardens and estates open to the
public, as well as in natural ecosystems
(3,10). Investigations performed by
Moralejo and Descals (29) indicated the
importance of imported rhododendrons as
a common pathway of P. ramorum to enter
into Spain, and reported that the inoculum
can spread from garden centers to natural
vegetation either through dispersal or by
transplantation of infected plants in private
gardens. This is why the survey included a
certain number of public and private gar-
dens.

During a 3-year survey for the presence
of P. ramorum in Serbia, the pathogen was
not detected in visually inspected imported
plants, nor was it in the samples collected
from Serbian nurseries. The survey in-
cluded both symptomatic and, to a limited
extent, randomly selected symptomless



leaves of susceptible plants. Because of
reported P. ramorum sporulation in symp-
tomless plants (12,31), a number of as-
ymptomatic leaves of susceptible plants
was tested in which all were negative for
P. ramorum using all the detection meth-
ods described in this article. Baiting
method for Phytophthora sp. detection,
successfully used in similar investigations
(8,39), confirmed the presence of several
isolates of homothallic Phytophthora spp.;
however, P. ramorum was not detected in
any soil or potting media sample.

In all 8,981 plants inspected during our
survey and 577 tested samples, P.
ramorum was detected in 12 rhododendron
plants from one private garden in Zemun
and 3 symptomatic pieris plants from a
garden center in Belgrade district. This
represented a detection rate of 0.17 and
2.6%, calculated in relation to the number
of inspected plants and tested samples,
respectively. In similar surveys, Gruyter
and Steeghs (17) found sites with rhodo-
dendron to have approximately 2% levels
of P. ramorum infection, while Warfield et
al. (41) found levels of 2.4% in pieris
nurseries and 10% when testing rhododen-
dron cultivars.

Using the simple detached-leaf assay,
susceptibility to P. ramorum of the nine
most frequently imported ornamentals in
Serbia was determined, indicating that they
may be a potential source of inoculum for
further spread and possible tree epidemics.
The intensity and short time of symptom
development implied high susceptibility of
four inoculated hosts (R. ponticum ‘Varie-
gatum’, R. yakushimanum ‘Morgenro’,
Viburnum plicatum ‘Mariesii’, and Robinia
pseudoacacia), indicating that those orna-
mentals should be selected target hosts in
thorough border inspections. Among or-
namentals susceptible to P. ramorum, six
species belong to naturally infected hosts
and one is categorized as a potential host
of P. ramorum (35). C. horizontalis and C.
dammeri have not been listed as P.
ramorum hosts so far but the results of this
investigation indicate that they should be
treated as possible hosts because they were
severely affected by artificial inoculation.

R. pseudoacacia identified as highly
susceptible to P. ramorum through inocu-
lation studies conducted on experimental
host range. This result provide a basis for a
further survey to select that landscape tree,
commonly found in Seriba, as a target
host. Although it was proven that R. pseu-
doacacia is highly susceptible to the
pathogen by artificial inoculation (40) and
another species, R. hispida, was found to
be very susceptible in the similar inocula-
tion experiment (28), this very popular
landscape tree has not been included in the
current list of P. ramorum naturally in-
fected hosts (4,35).

Interestingly, S. vulgaris, a Magnolia
Sp., a Pyrachantha sp., and O. heterophyl-
lus did not show any reaction after inocula-

tion, although they are proven to be natural
hosts of P. ramorum (4,35). Because of
considerable  susceptibility = variation
among different plant species within the
same genus or even different cultivars
within a single species (16,33,38), further
assessment of cultivar susceptibility is
needed, both in terms of leaf lesion area
development and pathogen sporulation
capacity.

By using the current LFD and ELISA
methods, large-scale testing can be per-
formed quickly to diagnose for the pres-
ence of Phytophthora spp. (27). These
serological techniques were used in this
investigation as prescreening tests which
detected the presence of Phytophthora
spp., later identified as P. ramorum or
homothallic Phytophthora spp.

The detection methods in this investiga-
tion showed slightly different detection
efficiencies. PCR detection of P. ramorum
was successful in either leaves, twigs, or
branches for each of the samples which
gave LFD and ELISA positives. However,
isolation was possible from each pieris
plant and only 8 of the 12 rhododendrons.
Isolation failure was consistent with signs
of sample decomposition and the presence
of saprophytic fast-growing fungi which
overgrew the targeted P. ramorum. Isola-
tion of P. ramorum is not always success-
ful because recovery rates depend on sam-
ple suitability, freshness of the material,
fungal viability, host type, and time of the
year (20,26,27,44).

P. ramorum-positive Pieris plants, col-
lected from the garden center, were im-
ported and offered for sale. Most probably,
those plants were symptomless during the
border inspection, which implies the ne-
cessity for more frequent sampling and
testing of P. ramorum-susceptible host
plants, regardless of the symptom occur-
rence. The main concern in the majority of
countries is how to avoid the high risk of
P. ramorum spread to its alternative poten-
tial hosts, once it is introduced into garden
centers or private gardens (29). According
to P. ramorum’s status in Serbia as an Al
quarantine organism and according to EU
legislation, phytosanitary measures were
applied and the rest of the plants were
destroyed at the sites of the pathogen out-
break.

The presence of both mating types in
U.S. (15,19) and Belgian nurseries (42), as
well as the detection of a P. ramorum iso-
late suspected to be a recombinant (13),
suggests a possibility for sexual recombi-
nation (16,43). Taking into account the
importance of mating type determination
of obtained isolates, especially in a new
geographic region of occurrence, both
representative isolates found in Serbia
were characterized and determined to be
A1l mating type, belonging to the European
population.

Although P. ramorum has not been de-
tected in Serbian nurseries, its detection on

Rhododendron plants outdoors might pose
a serious threat to public green and natural
ecosystems. Climate similarity of 70 to
80% between west and southwest Serbia
and California (35), as well as the presence
of susceptible host plants in the urban and
natural landscape of Serbia, make the
threat of P. ramorum even more serious.
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