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Abstract

The incidence of Phytophthora spp. in seven forest stands was examined, in total
on 80 beeches with bleeding lesions. Only P. cambivora was isolated from necroses.
It was identified in five areas, in 33.8% of the examined trees. The pathogen oc-
curred more frequently in necroses situated at the root collar, on the northern side
of stems, on trees growing in vicinity of watercourses. It was obtained from the
bark surface layer and from the inner bark and cambium. Pathogenicity of 12 iso-
lates of P. cambivora was confirmed on one-year-old seedlings of Fagus sylvatica.
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Introduction

Bleeding lesions on beech stems belong to symptoms of the beech decline phe-
nomenon. Widespread necroses of inner bark and cambium may, in the course of
time, extend onto a significant part of the stem circumference. The consequences
are decline symptoms in tree crowns, small-sized and yellowish foliage, shoot
die-back and crown transparency. Sometimes, the symptoms in the crowns mani-
fest in spite of few necroses on stems only. Such situation results from root rot. In
recent years, this phenomenon has intensified in Central Europe, in particular af-
ter a very wet vegetative season in 2002 and a drought the following year. An im-
portant share in the beech decline process is being ascribed to Phytophthora (Jung et
al. 2005, Jung 2009).

The emergence of necroses on beech stems is related to the impact of abiotic
and biotic factors. Among the latter, the role of beech scale (Cryptococcus fagisuga)
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and Nectria spp., in particular N. coccinea, is emphasised (Parker 1975, Perrin 1979,
Lonsdale 1980, Houston and O’Brien 1998). Bleeding lesions, in particular in
lower stem parts of deciduous trees, are also a characteristic symptom of infesta-
tion by Phytophthora spp. (Erwin and Ribeiro 1996, Nelson and Hudler 2007). Nu-
merous works published in recent years prove that Phytophthora may be a frequent
cause of such symptoms in beech. In Europe the emergence of bleeding lesions on
Fagus sylvatica stems is connected with the activity of P. cactorum, P. cambivora, P.
citricola, P. gonapodyides, P. kernoviae, P. pseudosyringae, P. ramorum, P. syringae and P.
uliginosa (Motta et al. 2003, Belisario et al. 2006, Orlikowski et al. 2006, Munda et
al. 2007, Vettraino et al. 2008, Cerny et al. 2009, Denman et al. 2009, Jung 2009,
Schmitz et al. 2009, Webber 2009).

The objective of this study was to assess the frequency of Phytophthora spp. oc-
currence in bleeding lesions on stems of F. sylvatica in selected forest stands in
south-eastern Poland and examination of their pathogenicity.

Materials and methods

Seven forest stands in which the symptoms on beech stems were observed were
selected for research. All stands were growing on the upland deciduous forest site.
In the Bircza Forest District (49°40' N, 22°36' E), where the symptoms were clearly
more frequent, five study sites were chosen (Bil, Bi2, Bi3, Bi4, Bi5), and in total 65
trees were examined (Table 1). On stems active necroses were observed with tarry
spots on the surface (Phot. 1). Such symptoms were found in 93.8% of the trees in
question. Sporadically, the lesions on trees were already inactive. In the Kanczuga
Forest District stands (49°57' N, 22°28' E), the symptoms on beech stems were
definitely more rare. Only two areas were selected here (Kal, Ka2), where 15 trees
were examined in total (Table 1). Active necroses on the trees were equally fre-
quent as the inactive ones.

In total, in both forest districts 80 trees aged 60-120 years were examined (Ta-
ble 1). Samples were taken from September to November 2008 (Bil, Bi2, Kal,
Ka2) and in September 2009 (Bi3, Bi4, Bi5).

Phytophthora spp. isolation

Isolation was performed from bark and cambium fragments within the range of
bleeding lesions. Several methods were applied: 1) in situ, in the stand, from bark
surface (up to a depth of 2 mm), 2) in situ, from inner bark and cambium on the
border of the necrosis after removal of outer bark, 3) in laboratory, from inner bark
and cambium on the border of the necrosis on bark samples (8 x 16 x 2 cm) col-
lected from tree stems (two samples from every tree). Tissue fragments were
placed on a selective medium or (method 3) in unripe apples (‘Golden Delicious’,
‘Szara Reneta’; Campbell, acc. to Ribeiro 1978), and the fragments of discolouring
pulp were placed on the medium. In every case, a selective medium NARPH was
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Table 1
Characteristics of the study sites
Study s Watercourse|  Species Age class of Quality of | Number of
site Forest Division in the area | composition beech beech reneval |tested trees
Bircza Forest District
Bil |Posada, comp. 68c + 8 Bk IV-VI numerous 17
1jd
1 So
Bi2 |Posada, comp. 63a + 8 Bk MI-VI sporadic 20
1 Sw
1Jw
Bi3 |Turnica, comp. 163d + 7 Bk IV-v poor, only in 10
3w canopy opening
Bi4 (Turnica, comp. 160d + 8 Bk IV-v sporadic 10
2 Jw
Bi5 [Turnica, comp. 165a - 9 Bk \% sporadic 8
Jw, So, Sw, Jd
Kanczuga Forest District
Kal |Tuligtowy, - 8 Bk A% clustered 7
comp. 89a 2]d
Ka2 |Tuliglowy, + 7 Bk \% sporadic 8
comp. 70a 3Jd

Bk — Fagus sylvatica, Jd — Abies alba, Jw — Acer pseudoplatanus, So — Pinus sylvestris, Sw — Picea abies.

used: V8-juice agar amended with nystatin — 50 mg/l, ampicillin — 250 mg/1,
rifampicin - 10 mg/1, pentachloronitrobenzene (PCNB) — 100 mg/I and hymexazol
- 50 mg/1 (Jeffers and Martin 1986, modified by the authors).

Identification of Phytophthora isolates

Isolates were identified to species on the basis of morphological criteria relying
on monographic keys (Stamps et al. 1990, Erwin and Ribeiro 1996) and compared
with reference cultures. Colony morphology was determined on carrot agar (CA),
corn meal agar (CMA), malt extract agar (MEA), potato dextrose agar (PDA) and
V8-juice agar (V8). Sporangia were observed on discs cut out from cultures grow-
ing on CA at 22°C in the dark and flooded with non-sterile soil-water extract (1:10;
Ribeiro 1978).

All Phytophthora isolates were characterised by the same morphological features
of colony and sporangia. Sex organs were absent in single strain cultures, which in-
dicated a heterothallic species. The features of all isolates suggested P. cambivora.
Twenty-six isolates obtained from all beeches in the Bircza Forest District were
crossed with two strains of P. cambivora (unknown mating types) isolated from
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Phot. 1. Active bleeding lesion on beech stem (Bil study site in Bircza Forest District)
(photo by J. Diuszynski)

rhizosphere soil of Quercus robur and identified by sequencing of ITS rDNA: strain
303.07 (GenBank Acc. No. FM199984; Stepniewska et al. 2008) and strain 528.08
(unpublished results). The test was conducted in Petri plates 80 mm in diameter
on CA. Mycelium discs 5 mm in diameter were collected from the edge of
10-day-old cultures growing on CA and placed in pairs on opposite edges on the
plate at a distance of 35-40 mm from each other. Plates were incubated at 22°C in
the dark. After 10 days, they were examined for the presence of oogonia and oo-
spores.

Pathogenicity test

Pathogenicity of P. cambivora isolates was examined on two-year-old, con-
tainerized beech seedlings which were dormant at the time of inoculation (begin-
ning of February). The main shoots of seedlings were inoculated approximately 2
cm above the root collar with a mycelium plug 3 mm in diameter and sealed with
Parafilm® (Jung et al. 1996). The plugs were collected from the edge of
seven-day-old cultures growing on PDA. Twelve isolates were tested (seven seed-
lings for each one), obtained from beeches on Bil and Bi2 study sites in 2008. Con-
trol plants (seven seedlings), were inoculated with sterile PDA plugs. After six
weeks, necroses on the shoots were assessed. Reisolations onto selective medium
were performed from necroses on randomly selected plants.
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Results

Phytophthora cambivora was the only Phytophthora species isolated from necroses
on beech stems. Colonies of the isolates obtained were uniform on CA, CMA,
MEA, PDA and V8-juice agar media. Persistent, non-papillate, ovoid to obpyriform
sporangia were produced on mycelium discs flooded with soil-water extract,
emerging on simple, unbranched sporangiophores (Phot. 2). Internal proliferation
of sporangia was observed.

Sex organs were produced in all cross cultures between strains of P. cambivora
from beeches and the strain 303.07 from Q. robur rhizosphere (Phot. 3). Distinctly
bullate oogonia and amphigynous, elongated, unicellular or bi-cellular antheridia
were present (Phot. 3). Oogonia and oospores were not observed in any culture be-
tween the strains from beeches, which proves that they belong to the same mating
type. These structures were also absent from tests between these strains and
528.08 strain from the rhizosphere of Q. robur.

Phot. 2. Sporangia of Phytophthora cambivora (strain 336.09) isolated from necrosis on beech stem
(left x 340, right x 550) (photo by H. Stgpniewska)

Phot. 3. a — cross culture between Phytophthora cambivora isolated from necrosis on beech stem
(strain 336.09) (left) and from rhizosphere soil of Quercus robur (strain 303.07) (right),
b - oogonium and antheridium of P. cambivora strain no 336.09 (x 525)
(photo by H. Stepniewska)
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Incidence of Phytophthora cambivora

Phytophthora cambivora was isolated from lesions on beech stems with every
method applied (Table 2). Moreover, the in situ procedure also proved effective. It
allowed isolation of P. cambivora from the bark surface within the range of bleeding
lesions. In total, P. cambivora was isolated from 27 trees, i.e. from 33.8% of the ex-
amined trees. However, it was identified only in the study sites in the Bircza Forest
District (areas Bil-Bi5). None of the 15 beeches examined in the Kanczuga Forest
District yielded the organism (Table 3).

Table 2

Recovery of Phytophthora cambivora from bleeding lesions according
to isolation method (number of trees from which P. cambivora was detected)

Study sites
Bil (17) | Bi2 (20) | Bi3 (10) | Bi4 (10) | Bi5 (8)
1 In situ, 1 2 - 4 4

from bark surface,
on selective medium

Isolation method

2 |Insitu, - - 3 6 4
from inner bark and cambium,
after outer bark removing,

on selective medium

3 |In laboratory,
from inner bark and cambium,
after outer bark removing

3a on selective medium 3 5 - - _
3b | baiting method with apple fruit 0 2 - - -
Total 4 9 3 7 4

In brackets — number of tested trees.

In the Bircza Forest District, P. cambivora occurred in every study site (Table 3).
Among 65 beeches examined here, the trees on which P. cambivora was identified
constituted 41.5%. In all trees bleeding lesions were present in the lower stem
parts, up to approximately 1.5 m (Table 3). Most frequently, i.e. in 80% of the ex-
amined trees, they were located at the root collar up to approximately 0.5 m. Phy-
tophthora cambivora was identified in 44.2% of lesions located in this way. It was
present mostly in lesions on the northern side of stems (62.9% of examined trees
with this type of necroses location; Table 3). Sporadically, it was recovered in
necroses located on the western and eastern side of trees. However, this location of
necroses was rare (Table 3). On the other hand, it was not identified in any of 23
examined necroses on the southern side of tree stems, relatively frequent in these
areas — 35.4% of trees. Most frequently necroses were situated on the northern
side of stems — 53.8% of trees. The frequency of bleeding lesions occurrence was
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Table 3

Relationships between type and location of symptoms, study sites
and isolation of Phytophthora cambivora from diseased stems
of Fagus sylvatica (number of tested trees)

Study sites
Bil Bi2 Bi3 Bi4 Bi5 total
Type of the bleeding lesion
active 14 19 10 10 8 61 (27)
inactive 3 1 0 0 0 4 (0)
Location of the lesion on the stem at
height
up to 0.5 m 8 15 9 10 8 52 (23)
0.5-1.0 m 4 5 1 0 0 8 (3)
1.0-1.5m 5 0 0 0 0 5(1)
Location of the lesion on the stem with
respect to the four cardinal points
N 5 7 8 9 6 35 (22)
S 10 11 1 0 1 23 (0)
E 0 1 1 0 0 2 (1)
w 2 1 0 1 1 4 (4)
Location of the tree with respect
to a watercourse
up to 25 m 10 17 7 10 - 44 (17)
25-50 m 4 2 3 0 - 9 (4)
50-75 m 3 1 0 0 - 4(2)
Total 17 (4)| 20(9)| 10@3)| 10(7) 8 (4)| 65 (27)

In brackets — number of trees from which Phytophthora cambivora was detected.

related to the tree location with respect to watercourses which were present in four
areas (Table 1). The Bil area was limited by a brook on the southern side, whereas
in Bi2, Bi3 and Bi4 areas, brooks flowed across them. Most beeches with bleeding
lesions, i.e. 77.2% of trees examined in these areas, grew in the vicinity of a water-
course, up to approximately 25 m. Phytophthora cambivora was identified in 38.6%
of trees located in this way (Table 3).

Pathogenicity of Phytophthora cambivora isolates

All isolates tested were pathogenic and caused necroses on beech seedling
shoots six weeks after inoculation. The length of necroses amounted on average to
14.7 mm and differed within a scope of 9.9 to 23.4 mm in individual isolates (Fig.
1). All reisolations brought about positive results. Controls displayed no symp-
toms.
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Fig. 1. Length of necroses on the stems of beech seedlings six weeks after inoculation
with Phytophthora cambivora in relation to isolate used
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Discussion

The research confirmed the presence of Phytophthora in beech stands in Poland,
evidenced earlier by Orlikowski et al. (2006) in the south-western part of the coun-
try. However, P. citricola identified next to P. cambivora by the above-quoted authors
was not found.

In beech stands in Europe which display decline symptoms, in total 11 Phyto-
phthora species were identified; P. cambivora and P. citricola turned out to be the
most widespread (Jung et al. 2009). In Bavaria, in bleeding cankers on beech
stems, most frequent were P. cambivora and P. citricola — in cankers at the root collar
and P. citricola — in cankers in higher parts of stems (Jung 2009). In Belgium, a spe-
cies connected with such symptoms was P. cambivora (Schmitz et al. 2009). In
Slovenia, P. citricola was identified in such lesions (Munda et al. 2007), whereas in
Italy P. cambivora and P. cactorum were identified (Belisario et al. 2006, Vettraino et
al. 2008). Phytophthora cactorum was also identified in the Czech Republic as a
causal agent of bleeding cankers on beech stems (Cerny et al. 2009). In Poland P.
cambivora and P. citricola were isolated from bleeding lesions at the bottom of beech
stems, but only P. cambivora was isolated from such lesions located in higher tree
stem parts (Orlikowski et al. 2006). The results of this research confirm that the
most frequent cause of bleeding lesions on F. sylvatica stems is P. cambivora. In
beech stands in southern Belgium, both mating types of this heterothallic species
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were identified, with a clear dominance of A2 type. Both types were sometimes
identified in the same area (Schmitz et al. 2009). In forest stands examined in SE
Poland, only one mating type of P. cambivora was found.

Phytophthora cambivora is strongly pathogenic to trees (Erwin and Ribeiro 1996).
Its pathogenicity was also confirmed with respect to beech. In the work of Jung and
Blaschke (1996; acc. to Jung et al. 2005) P. cambivora was the most aggressive spe-
cies in stem inoculation tests, causing necroses on shoots of five-year-old beech
seedlings. The high virulence of P. cambivora with respect to beech was also shown
in tests on logs of European beech trees (Brasier and Jung 2003; acc. to Jung et al.
2005, Denman et al. 2009). In this study 12 isolates of P. cambivora were tested for
pathogenicity on beech. They all turned out to be pathogenic. It can be assumed
that the pathogen was the causal agent of lesions observed on tree stems. Other
fungi were isolated from the lesions, whose pathogenicity was confirmed on beech
seedlings, mainly N. coccinea and N. galligena (Dtuszynski 2009). However, their
presence is to be considered a secondary phenomenon (Jung 2009).

The frequency of bleeding lesions on beech stems in the tree stands investi-
gated was varied. In the Kanczuga Forest District, where Phytophthora spp. was not
identified, lesions were infrequent and usually inactive. Moreover, lesions on the
southern side of stems were dominant (Dluszynski 2009), which indicates that
they might have been caused by abiotic factors, such as sudden drops of tempera-
ture, particularly in spring, or strong insolation. Similar suggestions were pre-
sented by Kowalski and Kleban (1999). From these lesions, Nectria spp. were
isolated frequently (Dtuszynski 2009), whose contribution to the beech bark dis-
ease is known (Perrin 1979, Lonsdale 1980, Parker 1975). On the other hand, in
the Bircza Forest District, where P. cambivora was identified in every one of five for-
est stands, active bleeding lesions were dominant. Most frequently they were lo-
cated on the northern or southern side of stems. However, P. cambivora was
identified mainly in lesions on the northern side of stems, whereas in necroses on
the southern side it was not found at all. It can be surmised that more humid
northern side of tree stems, created more favourable conditions for the pathogen’s
development than the southern side, more exposed to insolation and therefore
drier. However, this thesis would require confirmation in the course of further
study. The influence of increased humidity, favourable to the pathogen, may also
be indicated by more frequent presence of P. cambivora in necroses on beech stems
growing closer to watercourses. Higher soil humidity in such locations increases
the Phytophthora spp. sporulation intensity, thereby leading to an increased threat
of infection. It may also indicate the dissemination path of the infectious material
(Erwin and Ribeiro 1996).

The more frequent presence of P. cambivora in lesions at the root collar indicates
that such necroses have been spreading from the root system upwards. It is possi-
ble that bleeding lesions present slightly higher on the stem occurred within the
area of extensive necrosis spreading from the roots. However, the bark was not re-
moved from the entire stems in order to reveal the necroses in full; therefore, it is
difficult to specify their range precisely. It is possible that these were separate
necroses which appeared at a certain height on the stem without any relation to the
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roots. The presence of Phytophthora spp., including P. cambivora, in necroses which
appeared in higher sections of stems, at a height of 15 m above the ground level,
called “aerial bleeding cankers”, was shown (Orlikowski et al. 2006, Jung 2009).
The paths along which the infection material of the Phytophthora species with
non-caducuous sporangia, such as P. cambivora, could be transferred onto higher
sections of stems are not fully known. It is possible that the emergence of necroses
is initiated from the inside of the stem, due to the fact that propagules of Phyto-
phthora were recovered in the xylem in tree stems (Brown and Brasier 2007). More-
over, Phytophthora mycelium was recovered in vessels in the wood in beech
seedlings (Koehl et al. 2009). However, it is also possible that the pathogens are
spread by animals, if the propagules are present on the surface of the stem. The va-
lidity of this hypothesis could be confirmed by discovery of oospores in fresh
exudates from cankers on beech stems caused by P. citricola in Bavaria (Jung 2009).
In this research, P. cambivora was isolated from bark fragments collected from the
surface of bleeding lesions from a depth up to approximately 2 mm in the course of
in situ isolation. It is probable that the pathogen, occurring so shallow in the outer
bark, could - in the presence of water — form sporangia on the stem surface.

Phytophthora cambivora may constitute a threat for self-sown trees in forest
stands. Its high virulence to roots of beech seedlings and saplings in soil infesta-
tion tests was shown by Fleischmann et al. (2002, 2004). Jung et al. (2005) iso-
lated P. cambivora from necroses on roots of one—five-year-old self-sown plants of F.
sylvatica in two forest stands in Bavaria. This could explain the poor quality of re-
newal observed in four out of five areas in the Bircza Forest District where P.
cambivora was identified.
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Streszczenie

WYSTEPOWANIE PHYTOPHTHORA CAMBIVORA W OBREBIE NEKROZ
I WYCIEKOW SLUZU NA PNIACH BUKOW W WYBRANYCH
DRZEWOSTANACH POLUDNIOWO-WSCHODNIE] POLSKI

Badano wystepowanie Phytophthora spp. w nekrozach potaczonych z wyciekami
§luzu na pniach bukéw w siedmiu drzewostanach w Nadlesnictwach Bircza i Kan-
czuga. Nekrozy wystepowaly najczesciej w dolnych partiach pni, do wysokosci
okolo 1,5 m, najczesciej po pétnocnej i poludniowej stronie pni. Ogétem zbadano
80 drzew w wieku 60-120 lat. Izolacje wykonano in situ i w laboratorium. Fragmen-
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ty pobierano z powierzchni kory oraz z brzegowej czesci nekrozy w korze we-
wnetrznej i kambium po ich odstonieciu. Izolacje wykonano metodg bezposrednia,
na pozywke selektywna zawierajaca nystatyne, ampicyline, ryfampicyne, PCNB i
hymeksazol oraz ,metoda putapkowa” z zastosowaniem jabtek. Materiat do badan
pobierano od wrze$nia do listopada 2008 roku oraz we wrze$niu 2009 roku.

Z nekrotycznych tkanek wyizolowano jedynie P. cambivora. Wszystkie izolaty
reprezentowaly ten sam typ kojarzeniowy. Phytophthora cambivora wyodrebniono z
bukdéw na pigciu powierzchniach, ogbélem z 27 drzew, tj. z 33,8% badanych, jedynie
w drzewostanach Nadle$nictwa Bircza. Patogen wystepowat czeséciej w nekrozach
w obrebie szyi korzeniowej, na wysokosci do okoto 0,5 m, po péinocnej stronie pni
drzew rosnacych blizej cieku wodnego wystepujacego na powierzchni. Skuteczne
okazalo si¢ zaréwno postgpowanie laboratoryjne, jak i metoda izolacji in situ, ktérg
P. cambivora wyodrebniono z wierzchniej warstwy kory (do glebokosci okoto 2
mm). Na bukach w Nadle$nictwie Kanczuga Phytophthora spp. nie wykryto.

Patogenicznos¢ 12 izolatéw P. cambivora potwierdzono w teécie z inokulacja pe-
déw dwuletnich sadzonek Fagus sylvatica. Po szesciu tygodniach dtugo$¢ nekroz na
pedach wynosila $rednio 14,7 mm i réznita si¢ u badanych izolatéw w zakresie od
9,9 do 23,4 mm. Wszystkie izolaty okazaly sie patogeniczne.
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