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Abstract

Phytophthora citricola was detected in Siewierz Forest District in soil samples and
diseased bark taken from declined 88-111-year-old European beech trees growing
in three compartments of Trzebyczka Forest. Phytophthora cambivora was isolated
only from diseased fine roots, bleeding cankers near trunk base and aerial canker
spots. Both species colonised leaves and young stem parts as well as five-year-old
beech branches. Necrosis spread about 1 mm/24 h.
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Introduction

Phytophthora species may be the main cause of progressive destruction of fine
roots but pathogens infect also bark and collar and are able to induce tyloses in
large xylem vessels thus reducing their conductivity for water and nutrients (Jung
and Blaschke 1996). Both, root decay and vessel plugging are probably the main
cause of seedlings mortality of beech (Fagus sylvatica) in Polish nurseries. The first
information concerning Phytophthora rot of seedlings in Polish forest nurseries was
published by Kozłowska et al. (1961). Almost 40 years later Orlikowski et al.
(2004 a) and Stępniewska (2005) found P. citricola on one–three-year-old seedlings
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of beech, being the causal agent of root and stem base rot. Werres (1995) found P.
cactorum the causal agent of beech seedlings rot, however, it was less aggressive
than P. citricola. First reports on the occurrence of root and collar rot of beech trees
in Europe came from the UK in the 1930s (Day 1938). Than from collar rot and
bleeding cankers of old beech trees showing decline symptoms and also from
rhizosphere soil of diseased trees Hartmann and Blank (1998) isolated frequently
P. cambivora whereas Jung et al. (2003) – P. pseudosyringae. Nechwatal and Osswald
(2001) reported P. citricola on roots of declining trees in two beech stands in Bavar-
ian Alps, whereas Hartmann and Blank (1998) isolated P. cambivora and P. syringae.
Very high precipitation in winter and spring caused water jogging in lower slopes
and depressions and triggered Phytophthora root rot. Additionally, high summer
temperature for two successive years aggravated trees decline. Brasier et al. (2005)
described new, invasive P. kernoviae sp. nov. on European beech in south west part
of the UK. The species was the cause of bleeding lesions (light to severe) on ma-
ture trunks. In Jung et al. (2003) studies P. pseudosyringae isolates from diseased
trees were moderately aggressive to fine roots of beech. In this study we attempted
to isolate Phytophthora spp. from soil, diseased trunks and roots of affected beeches
and determine its possible involvement in plant decline.

Materials and methods

Disease symptoms on European beech

The state of health of beech trees was analysed in Siewierz Forest District
(south-west Poland) in July and August 2005 in three compartments of
Trzebyczka Forest stands (age 88–111 years; Table 2). Symptoms similar to those
described by Jung et al. (2005) were observed on affected trees. The beeches
showed dieback of branches often connected with bark drying. Lesions on their
bases revealed brown or dark-brown bark and wood. On trunks, up to ca 6 m above
the ground, it was often possible to observe black-brown or black, bleeding can-
kers, small or elongated to 10–40 cm (Phot. 1). Inner parts of diseased bark were
orange or orange-brown (Phot. 2). Some trees had black, triangular cankers, up to
35 cm wide at the base and up to 50 cm high. Cankers were usually moist and
spread onto roots (Phot. 2). The majority of fine roots were dark brown. As with
Jung et al. (2005), healthy trees ca 100-year-old or older were found nearby the dis-
eased beeches.

Materials collection and isolation of fungi and Algae-like Oomycetes

In August 2005 diseased parts of bark from the border between necrotic and
healthy tissues of aerial bleeding cankers and near the base of 15 trees, as well as
fine root parts from seven trees were collected individually into plastic bags and
transferred to laboratory. The same or the next day bark and root parts were
washed under tap water, than rinsed three times in distilled water, blotting dried
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and sterilized over a burner flame. Tissue fragments about 3–5 mm were put on
PDA medium in 90 mm diameter Petri plates (eight per dish and six plates from
each affected tree) and were checked during four days of incubation at 24°C for the
presence of Phytophthora spp. and other genera.
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Phot. 1. Tongue-shaped bleeding canker at the trunk base of diseased beech
(photo by T. Oszako)



Soil samples taken twice, in July and August 2005, from under 15 diseased trees
were analysed for the presence of Phytophthora spp. From each tree about 1 l of soil,
collected about 1 m from the base of each beech (four samples from four sides),

40 L.B. Orlikowski, T. Oszako and G. Szkuta

Phot. 2. Aerial long bleeding spot on beech trunk
(photo by T. Oszako)



was taken. Surface litter was removed and soil samples from the depth of ca 5–20
cm were taken into plastic bags. Collected samples from each tree were mixed to-
gether and half a litre of the mixture was put into plastic box, flooded with tap wa-
ter about 1 cm above the surface and rhododendron leaves ‘Nova Zembla’ were
floated over flooded samples (16 leaf blades for each tree). Boxes covered with
plastic foil were incubated on laboratory tables at 20–24°C. After four–six days
leaves showing necrotic spots were removed, washed with distilled water, blotted
dry, and disinfected over a burner flame. About 5 mm diameter necrotic parts of
leaves were transferred to PDA medium (nine pieces per one Petri dish). During
three-day-long incubation at 24°C in the dark dishes were examined daily. Small
parts of colonies, growing around tissue plugs, were transferred to PDA slants.
Cultures from trees and soil were grouped on the base of their growth and mor-
phology and chosen, representative isolates were identified on the base of their
colony growth, morphological features of hyphae, zoosporangia, oogonia, anthe-
ridia, chlamydospores and izozyme analysis (Szkuta 2004). Confirmation of
the Phytophthora species identification was performed by DNA analysis using the
method of Aljanabi and Martinez (1997) modified by Wiejacha et al. (2002).

Pathogenicity of Phytophthora spp. to beech

Three isolates of both P. cambivora and P. citricola obtained from bleeding can-
kers at the base of trunks, rotted fine root and soil were used in two experiments.
In the first trial sections of beech taken from four-month-old stem were tested in
moist chambers on sterile moist blotting paper covered with plastic mesh. Plugs of
3 mm diameter, taken from the edge of seven-day-old colonies grown on V-8 juice
agar, were placed in the middle of leaf blades and at the base of stem sections. Con-
trol plant leaves and sections were inoculated with agar plugs only. Boxes were
covered with plastic and incubated at 22–24°C. After six days of incubation, the di-
ameter and length of necrosis were measured. In the second experiment,
five-year-old stem sections of beech (about 30 cm long) were inoculated with both
Phytophthora species using the same procedure as in the first trial. The length of ne-
crotic spots, both on external and internal bark, was measured after three and six
weeks of incubation. The experimental design was completely randomised with
four replications of 10 leaves and stem sections each.

Results

Isolation of fungi and Algae-like Oomycetes

From 720 tissue fragments taken from diseased parts of 15 beeches and trans-
ferred onto PDA, 185 isolates were obtained. About 50% were isolated from rotted
fine roots from seven trees whereas about 25% – from bleeding cankers of trunk
bases of three beeches. Only 32 isolates were obtained from aerial spots of five
beech trunks. The isolates obtained represented 11 species including two Phyto-
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phthoras (Table 1). Phytophthora cambivora was isolated from fine roots of three out
of seven diseased trees and from 2/3 of analysed beeches with bleeding cankers
near trunk bases (Table 1). The species was not isolated, however, from long, ae-
rial, necrotic spots of trunks (Table 1). Phytophthora citricola was recovered from
fine roots and from bleeding cankers at the trunk bases of most of the analysed
trees (Table 1). The species was not recovered from aerial, necrotic spots and
bleeding cankers (Table 1). Botrytis cinerea was not recovered only from aerial,
small spots of bleeding cankers, whereas Fusarium avenaceum was found in those tis-
sue parts. Fusarium equiseti was isolated from all kinds of necrotic spots, including
rotted fine roots. Chaetomium globosum was recovered from fine roots, bleeding can-
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Table 1
Fungi and Algae-like Oomycetes isolated from diseased beech trees

(isolation: 26.08.2005)

Genera/species

Diseased fine
roots

(7 trees)

Bleeding cankers
of trunks base

(3 trees)

Aerial, long,
necrotic spots

on trunks
(2 trees)

Aerial, small
bleeding cankers

on trunks
(3 trees)

analysed
trees

isolates
obtained

analysed
trees

isolates
obtained

analysed
trees

isolates
obtained

analysed
trees

isolates
obtained

Borytis cinerea – – 2 4 1 3 – –

Chaetomium globosum 4 7 1 2 2 6 – –

Cladosporium herbarum – – – – – – 2 5

Fusarium equiseti 6 11 3 6 1 2 1 3

Fusarium avenaceum – – – – – – 3 4

Mucor circinelloides 7 6 2 4 – – 1 2

Mucor hiemalis 7 15 3 7 2 5 2 5

Periconia pycnospora 4 9 2 4 – – – –

Phytophthora cambivora 3 11 2 8 – – 2 7

Phytophthora citricola 6 19 2 9 – – – –

Torula expansa 5 12 3 9 – – – –

Table 2
Phytophthora citricola isolated in Siewierz Forest District from soil

taken from under diseased beech trees; mean number of dark-brown spots
on rhododendron leaves used as the bait

Trzebyczka Forest
compartment

Age of trees
(years)

Isolation time

8.07.2005 26.08.2005

28 a 91 7 a 5 b

32 c 111 11 b 8 c

35 a 81 5 a 3 a

Means in columns, followed by the same letter, do not differ with 5% of significance (Duncan’s
multiple range test).



kers near tree bases and aerial, necrotic spots and bleeding cankers on trunks.
Cladosporium herbarum settled aerial, small spots on trunks whereas Torula expansa
diseased fine roots and trunk bases (Table 1).

From soil samples collected at the beginning of July and seven weeks later,
taken from the three Trzebyczka compartments, only P. citricola (112 isolates) was
obtained, whereas P. cambivora was not recovered (Table 2). Analysis of spot num-
bers on bait leaves of rhododendron showed significant differences in number of P.
citricola propagules in the three compartments of European beech forest. Signifi-
cantly more spots were observed on leaf baits floated in soil suspension taken from
111-year-old beech stand than from the younger stands (Table 2).

Pathogenicity of Phytophthora spp. to beech

Isolates of P. cambivora from rotted fine root and bleeding canker at the trunk
base quickly colonised leaf blades and four-month-old stem sections of beech (Ta-
ble 3). After six days of incubation the diameter of necrotic spots on leaves was
greater when the isolate from root was used for inoculation. Necroses enlarged by
2.1–3.5 mm/24 h.

Significant differences were found in necrosis size on beech organs inoculated
with P. citricola isolates. Necrosis spread by 1.6–3 mm/24 h (Table 3). Inoculation
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Table 3
Colonisation of leaf blades and four-month-old stem parts

of European beech by isolates of Phytophthora spp.;
diameter/length of necrosis after six-day-incubation (mm)

Source of isolates
P. cambivora P. citricola

leaves stem sections leaves stem sections

Base of trunk 14.3 a 12.5 a 11.0 a 14.5 c

Fine roots 21.0 b 10.0 a 18.3 b 12.0 ab

Soil – – 9.8 a 10.5 a

Note: see Table 2.

Table 4
Colonisation of five-year-old branch parts of European beech
by isolates of Phytophthora spp.; length of necrotic spot (mm)

Source of isolates
P. cambivora P. citricola

three weeks
after inoculation

six weeks
after inoculation

three weeks
after inoculation

six weeks
after inoculation

Bleeding canker
at the base of trunk

28.5 a 43.8 a 31.8 b 47.9 bc

Fine roots 34.4 b 40.5 a 26.0 a 44.3 b

Soil – – 28.5 ab 39.5 a

Note: see Table 2.



of five-year-old sections of beech branches with P. cambivora and P. citricola, used
separately, resulted in development of necrotic spots (ca 0.9–1.1 mm/24 h). After
six weeks of stem sections incubation, isolate of P. citricola from the trunk base
colonised beech tissues significantly faster than that from soil (Table 4).

Discussion

Phytophthora citricola was the species most frequently isolated from bleeding
cankers near tree base, partly-rotted fine roots and soil samples, taken from three
compartments of beech forest. Among 11 isolated fungi and Algae-like Oomycetes
nine species, including B. cinerea and Fusarium spp., known as plant pathogens,
were obtained from diseased tree organs. Andersson (1995) analysed 491 stumps
of beech and recovered 106 fungal species, mainly Basidiomycotina, from which
Xylaria hypoxylon was the most frequently isolated fungus. The studies of
Nechwatal and Osswald (2001) showed the occurrence of P. citricola in 1/4 of
beech stands on fine roots taken from trees with crown transparency and from
those without symptoms. In the studies of Hansen and Delatour (1999) P. citricola
was recovered from soil samples collected from Alnus, Carpinus, Fraxinus and
Quercus stands as well as from a stream and standing water. In the studies of
Orlikowski et al. (2004 a, b, c), Orlikowski and Szkuta (2003) and Szkuta (2004)
P. citricola was found in forest and ornamental nursery soils taken from under Abies
alba, Chamaecyparis lawsoniana, Pinus sylvestris, Picea excelsa, Thuya occidentalis, Calluna
vulgaris, Fagus sylvatica and Fraxinus excelsior.

In our study P. cambivora was isolated only from diseased fine roots, cankers
near the beech bases and external surface of round or oval spots but not from long
stretches of necrotic tissue. The species was considered predominant cause of root
and collar rot of European beech (Hartmann and Blank 1998) and of oriental beech
(Balci and Halmschlager 2003). Our pathogenicity experiments showed colonis-
ation of leaves and stem sections of European beech by P. citricola and P. cambivora.
However, the isolates from diseased fine roots colonised leaf blades faster than
those from base of trunk and the soil. On five-year-old stem sections the necrosis
spread at about 1 mm/24 h. Jung et al. (2003) showed that 70–100% of
two–three-year-old beech trees, grown in soil infested with P. citricola and P.
cambivora, were dead within 30 months of incubation. From among the two Phy-
tophthora species used for inoculation of five-year-old beeches, P. cambivora was
more aggressive and spread at the rate of about 1.2 mm/24 h (Jung and Blaschke
1996). Our trials confirmed these studies.
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Streszczenie

PIERWSZE DONIESIENIE O ZAMIERANIU BUKÓW
W POŁUDNIOWO-ZACHODNIEJ POLSCE

POWODOWANE PRZEZ PHYTOPHTHORA SPP.

Na 88-111-letnich bukach w południowo-zachodniej Polsce obserwowano za-
mieranie konarów, ciemnobrązowe lub czarne, mokre, trójkątne plamy, niekiedy
obejmujące 1/5 obwodu pni u podstawy, oraz małe, okrągławe lub wydłużone pla-
my na pniu, do wysokości 6 m. Gatunek Phytophthora citricola znaleziono w próbach
gleby pobranych spod chorych drzew; zastosowano do izolacji liście różanecznika
jako pułapki. Z miękiszu kory i łyka pobranych z rakowatych nekroz na granicy
chorych i zdrowych tkanek pni oraz z drobnych korzeni izolowano P. citricola i P.
cambivora. Izolaty obu gatunków, uzyskane z porażonych korzeni i nekroz u nasady
pni, oraz izolat P. citricola wyodrębniony z gleby kolonizowały liście i fragmenty
czteromiesięcznych pędów. Nekroza szerzyła się szybciej na blaszkach liściowych,
gdy inokulowano je izolatami z korzeni buka (około 3,3 mm na dobę). Inokulacja
fragmentów pięcioletnich gałęzi buka przez Phytophthora spp. spowodowała sze-
rzenie się nekrozy w tempie około 1 mm na dobę.
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