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Abstract: Common alder (Alnus glutinosa) decline has been observed in most of Eu-
ropean countries since 1993. In Poland decline of alder trees has been observed
during the last 6 years. Alder Phytophthora was recorded, however, only from one
sampling area in the middle of the country. Species of Armillaria, Fusarium, Mucor,
Penicillium and Trichoderma were also isolated from diseased trees. Inoculation of al-
der stem parts, leaves and seedlings with Phytophthora isolates resulted in the devel-
opment and spread of necrosis. Studies will be continued in the nearest years.
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INTRODUCTION

Alnus glutinosa (L.) Gaertn. known as Common alder is an important species
component of some forest stands but mainly component of the riparian ecosystem.
The species has a great conservation value, providing food and protection for many
organisms and in association with genus Frankia is strongly nitrogen fixing (Streito
and Gibbs 1999). Alder root system helps to stabilise the river banks. A severe de-
cline and death of alder have become common in Europe. Streito et al. (2002) re-
ported that in 1988 Phytophthora cambivora (Petri) Buisman was isolated from
diseased A. corgata in southern France. Three years later alder mortality was ob-
served in natural woodland on the banks of lakes in south-eastern France but the
causal agent of the disease was not determined. The tree mortality was noticed also
in north-eastern France in 1993 but alder Phytophthora was isolated in 1998 (Streito
etal. 2002). In 1993 Phytophthora sp. was recorded on alder at several sites in Great
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Britain (Gibbs 1995). Examination of isolates by Brasier et al. (1995) has indicated
that they resembled P. cambivora. Development of colonies, however, with an
appressed-felty appearance and sparse or no aerial mycelium or similar colonies
with a little uniformly woollly aerial overgrowth, sometimes rather irregular in out-
line development of cultures caused that Brasier et al. (1995) described the causal
agent as alder Phytophthora. Data presented by de Gruyter & Man in’t Veld (2000)
indicated on the first record of alder Phytophthora in the Netherlands in 1992 and
since 1995 in Germany, Austria, Sweden, Belgium, Ireland, Hungary and Italy.
Losses caused by alder Phytophthora varied from a few percent till more than 50%
(Cech 1999; Streito et al. 2002). In opinion of Jung et al. (2000) alder Phytophthora
introduced to a river system, spreads downstream infecting collar or bare roots of
riparian trees via lenticells and adventitious roots. The authors observed the dis-
ease on young alder plantations on former agricultural land. Alder Phytophthora was
isolated also from rootstocks in tree nurseries (Jung et al. 2000).

A severe decline of Common alder has been observed in Poland during the last 6
years. Dead and declining trees 5-90 years old, distributed along rivers, streams,
lakes or water ponds but also on seasonally flooded forest stands were often found
side by side. The spread of disease and mortality of trees varied greatly from site to
site. Similar symptoms like those described by Gibbs (1995) and Streito et al.
(2002) are often observed on affected alders. Usually leaves were abnormally small,
pale-green or yellow-green and sparse. On some trees on one side of trunk
dark-brown necrosis spread from the base up to 50-130 cm. Sometimes tarry spots
and wet exudations were seen on the lower part of stems. Beneath the bark reddish
to brown discoloration in the cambium zone was visible after fresh exposure. On
some trees, even 5-15 years old, advanced root rot was observed. Often new water
sprouts grown at the stems of diseased or dead trees.

In 2002 we attempted to isolate specific primary alder pathogens, including Phy-
tophthora spp. and to determine their possible involvement in the alder mortality.

MATERIALS AND METHODS

Field survey. A total of 86 samples were collected from 14 sample points in dif-
ferent part of middle and eastern Poland within decline area from April till Novem-
ber, 2002. Each sample was taken from the base of alder with visible infection
symptoms on trunk and/or leaves. Diseased tissue parts were taken from the bor-
der of bark and cambium with discoloration symptoms, placed into plastic bags and
transferred to the laboratory.

Isolation of fungi. Pieces of diseased tissues (about 5 mm diameter) after disin-
fection over a burner flame, were placed on potato-dextrose agar (PDA) in 90 mm
Petri dishes (6 pieces/dish and 5 plates for each sample) and incubated in the dark
at 24°C. Plates were checked every day for the presence of fungi colonies. Small
fragments of colonies, growing around of tissue pieces were transferred on PDA
slants. Additionally, green apples were used as alternative medium. Immediately
after taken of samples from trees or in the laboratory, pieces of bark were inserted
into fruit in 2-3 holes, covered with adhesive tape and incubated in plastic bags at
room temperature. When first, brown lesions were observed, after surface disinfec-
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tion over burner flame, pieces of discolorated fruits were transferred into PDA
slants. After segregation of isolates obtained representative cultures were cleaned
and identified to genera and /or to species. Procedure described by Orlikowski et al.
(2002) was used for identification of Phytophthora. A taxonomical identification and
isozyme analysis of isolates of alder Phytophthora were carried out according to
Brasier et al. (1995), Erwin and Ribeiro (1996), de Gruyter and Man in’t Veld
(2000), Mant in’t Veld (1995), Mant in’t Veld et al. (1998; 2002), Oudemans et al.
(1991), Stamps et al. (1990).

Colonisation of alder stems and leaves by Phytophthora isolates. Isolates
PH/0102 from alder isolated from tree in Poland, PD/20010932 of alder Phytoph-
thora from the Netherlands and PH/0028 of P. cambivora from striped maple (Acer
pennsylvanicum L.) were used. Stock cultures were maintained on PDA at 24°C in the
dark. In laboratory trials 3 mm diam mycelial plugs, taken from the edges of colo-
nies, were applied on leaf petioles and base of stems of common alder. Plant parts
were placed on the moist blotting paper covered with plastic net in the polystyrene
boxes and covered with foil (Orlikowski et al. 2001). Length of necrosis on tested
organs was measured after 3, 5 and 7-day-incubation at 19-22°C. In greenhouse tri-
als 3 mm diam mycelial disks, taken from the edge of 7-day-old cultures of alder
Phytophthora PH/0102, PD/20010932 and PH/0028 of P. cambivora were used for
stem inoculation trial. Four-month-old alder sedlings were used for inoculation.
Mycelial disks were put under the cut part of bark (about 15 mm long and 3 mm
wide) 2-3 cm above the substratum and covered with tape. After 5 and 8-day-incu-
bation of plants on greenhouse bench at 18-22°C length of necrosis was measured.

Experimental design was completely randomised with 4 replications and 5 plant
parts or seedlings (greenhouse trials) in each rep. Trials were repeated at least twice.

RESULTS AND DISCUSSION

Isolation and identification of fungi. Many fungal colonies were isolated from
diseased trees but isolates identified as alder Phytophthora were found only in one
sample point in woodland in the middle part of Poland (Tab. 1). Phytophthora was
isolated from the base of trees with black spots on the bark up to 1 m above the soil
and/or small pale-green leaves. Isolates were obtained only from 15-years-old trees
(Tab. 1). Alder Phytophthora colonies were already seen on PDA 2 days after trans-
ferring of bark fragments on Petri dishes. Later, colonies were overgrown by other
fungi but especially by Mucor spp., Fusarium culmorum and Trichoderma spp. (Tab. 1).
From diseased bark parts Alternaria alternata, F. oxysporum, F. solant and Penicillium
spp. were also isolated (Tab. 1). Alder Phytophthora was not isolated from seeded
green apples. Isolates of Phytophthora were tested on PDA, V8 juice agar (Erwin and
Ribeiro 1996), CMA, cherry decoction agar (Gams et al. 1987), and carrot agar
(Erwin and Ribeiro 1996). Typical, not numerous oogonia were only formed on car-
rot agar and resembled those produced by P. cambivora. The nonpapillate zoospo-
rangia were produced both in sterilised 1% soil extract and sterile water. They were
similar to those formed by P. cambivora. Results of isozyme analysis indicated that
Polish isolate of alder Phytophthora belong to the standard polyploid hybrid-group II
(Germany, UK) according to data of de Gruyter and Man in’t Veld (2000).
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Table 1. Fungi isolated from diseased Common alder; number of trees colonised by fungi (a)
and number of isolates obtained (b)

Obse{ygtﬁioﬁn szriod
Fungal species 2002.04.25 2002.04.25 2002.06.05
(6 trees 90 years old) (5 trees 15 years old) (7 trees 15 years old)

Alternaria alternata Nees. 6 11 5 11 2 6
Fusarium culmorum (W.G.Sm.) Sacc. 4 10 - - - -
Fusaritum oxysporum Schlecht. 2 2 - - 1 2
Fusarium solani (Mart.) Sny. et Hans. - = 2 4 2 4
Mucor hiemalis Wehmer 6 12 - - - -
Mucor spp. 2 4 3 6 7 15
Penicillium spp. 5 12 3 7 3 11
Phytophthora sp. - - 4 15 4 8
Trichoderma spp. 15 5 18 - -

B

14

Brown, nonsporulating fungi

Colonisation of alder parts or seedlings by fungi. Inoculation of leaves or
stem parts by Fusarium spp. did not cause any disease symptoms so further trials
were only done with Phytophthora spp. Inoculation of stem parts of alder with 2 al-
der Phytophthora isolates resulted in the fast spread of necrosis (Tab. 2). Browning
and decaying of alder parts spread much faster when stems both 10 and 20 mm di-
ameter were inoculated with isolate PH/0102 (Tab. 2). In the next trial alder shoots
used for inoculation with Phytophthora isolates from alder and striped maple were
taken from the base and top of stems (Tab. 3). After 3-day-incubation there were no

Table 2. Development of necrosis on alder stems inoculated with alder Phytophthora; length
of necrosis in mm. Inoculation: 2002.09.06

. Diam. of stems Days after inoculation
Isolates Source of isolates :
in mm 3 5
PH/0102 Poland 10 42.0a 58.3a
20 3504 56.6 a
PD/2001 0932 Holland 10 2259 37.0a
20 293a 49.5a

Note: means in columns followed by the same letter do not differ at 5% of significance (Duncan’s multi-
ple range test)

Table 3. Spread of necrosis on alder shoots inoculated with Phytophthora spp.; length of ne-
crosis in mm. Inoculation: 2002.08.12

Days after inoculation

Source of isolates Stems
R ¥ N LA 7
PH/0102 (alder) Base 14.1a 36.6b 61.3d
Top 153 a 31.0b 96.5 f
PH/0028 (maple) Base 22.5a 50.0c 73.0e¢
Top 22.0a 38.0b 101.5f

Note: see table 2
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significant differences in the spread of necrosis. After the next 2 and 4 days, how-
ever, necrosis spread significantly faster on stem parts inoculated with isolate
PH/0028 from striped maple (Tab. 3). Inoculation of leaf base with both Phytoph-
thora isolates resulted in the spread of necrosis on petioles and leaf blades (Tab. 4).
The development of necrosis on leaves, however, was not so fast like on stem parts
(Tabs. 3, 4). In greenhouse trial, inoculation of stem with 3 Phytophthora isolates re-
sulted in the development of disease symptoms already after 2 days. Three days
later brown or dark-brown spots reached 26-31 mm (Tab. 5). Eight days after inoc-
ulation the significantly longer bark canker was observed on seedlings inoculated
with alder Phytophthora isolates than PH/0028 from striped maple. The necrosis
spread about 0.7 mm/hr (Tab. 5).

Prior to this study Phytophthora species have not been recognized as pathogens of
Common alder in Poland although P. cambivora was found on striped maple
(Orlikowski et al. 2002). Our survey showed that among sampled plots alder Phy-
tophthora was recorded only in one place but isolation of the pathogen was positive in
2 sampling periods. This indicates that potato-dextrose agar was suitable medium for
the isolation of Phytophthora. In studies of Streito and Gibbs (1999) satisfactory isola-
tion of Phytophthora from diseased bark parts of alder was obtained when corn meal
agar or selective medium were used. In opinion of de Gruyter and Man in’t Veld
(2000), however, cherry decoction medium proved to be the most suitable.

The most striking results obtained from the mycological analysis of declined
trees is that the pathogen was not recovered from alders growing along river banks
but in woodland ecosystem without possibility of flooding with moving water but
seasonally flooded by water from snow or/and rain. A transmission of the pathogen
via infected, young plants from nursery, observed by Jung et al. (2000) in Bavaria,
was not possible as well because natural regeneration of alders in natural woodland
ecosystem. This confirms Gibbs (1995) and Jung et al. (2000) statements that alder

Table 4. Spread of necrosis on alder leaf blades inoculated with Phytophthora spp.; diam. of
necrosis in mm. Inoculation: 2002.08.12

. Days after inoculation
Source of isolates

3 5 7
PH/0102 (alder) 12.0a 20.3 ab 41.8 ¢
PH/0028 (maple) 13.0a _ 243b 36.9¢

Note: see table 2

Table 5. Development of stem rot on alder seedlings inoculated with Phytophthora spp.;
length of necrosis in mm; greenhouse trial. Inoculation: 2002.09.10

Days after inoculation

Isolates Source of isolates

5 8
PH/0102 Alder (Poland) 31.0b 37.0b
PD/2001 0932 Alder (Holland) 26.0a 358b
,pH,/,O,OZS - Maprle V(Pp@n(ii) 26.0}7 ) 21.0a

Note: see table 2
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Phytophthora transmission by moving water is not the only one way of the pathogen
dissemination.

Cech (1999) concluded that alder decline is a consequence of phloem destruc-
tion at the stem base by alder Phytophthora. In our study occurrence of Armillaria and
Fusarium species under diseased bark was also observed. In Streito et al. (2002)
studies besides mentioned fungi Cryptosporiopsis, Phoma and Cylindrocarpon species
were recovered from declined alder trees. It is possible that in the most majority of
surveyed plots, besides of unfavourable climatic conditions (Cech 1999; Streito et
al. 2002) those fungi may be the secondary agents of alder mortality.

Studies concerning distribution of alder decline, detection of Phytophthora sp., its
harmfulness and biology will be continued in the next years. It is already known
that alder mortality affects the appearance of landscape and there would be a wide
range of biological repercussions (Streito and Gibbs 1999).
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POLISH SUMMARY

PIERWSZE DONIESIENIE O PHYTOPHTHORA SP. NA OLSZY W POLSCE:
WYSTEPOWANIE I CHOROBOTWORCZOSC

W minionych 6 latach na olszach rosngcych w lasach, wzdiuz brzegéw rzek i strumieni,
nad jeziorami i innymi zbiornikami wodnymi obserwowano symptomy zahamowania wzro-
stu, przejasnienia lisci, bragzowienia i brunatnienia kory u nasady pnia, ciemne plamy z
czarng wydzieling cieczy oraz zamieranie drzew. Obserwacjami objeto 14 miejsc w Polsce
$rodkowej i wschodniej, w ktérych przynajmniej jednorazowo pobierano do badan mykolo-
gicznych préby porazonych tkanek z podstawy pnia drzew w wieku od 5 do 90 lat. Tylko w
jednym miejscu centralnej Polski stwierdzono wystepowanie fytoftorozy, a przyczyne choro-
by Brasier i wspot. (1995) okreslili jako ,alder Phytophthora”. Zakazenie czedci lodyg i lisci
oraz siewek olszy przez izolaty Phytophthora spp. powodowato ich brazowienie, brunatnienie
i zamieranie. U nasady pedow siewek olszy, zakazonych przez ,alder Phytophthora”, nekroza
rozwijala si¢ z szybkoscia 0,7 mm na godzine.



