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In the last 20 years, the forest decline to be noted in Europe has been a source of
great concern to foresters. Affected trees display several nonspecific above-ground
symptoms like bark necrosis, greater transparency of the crown, yellowing of
leaves and needles and eventually crown dieback and distinct disorders in root sys-
tems (Jung and Blaschke 1996). Authors proposed a hypothesis that soil-borne
Phytophthora species could be involved in the decline phenomenon of many
broad-leaved forest tree species in Germany. Also, in the USA P. citrophthora
(Smith et Smith) Leonian was recognized as a pathogen on citrus trees (Erwin and
Ribeiro 1996). In 1931, the species was isolated from declining Pinus banksiana
Lamb. and P. resinosa Ait. seedlings (Erwin and Ribeiro 1996, Farr et al. 2003).
Novotel’nova (1974) mentioned Picea engelmannii Engelm. as the host of that
pathogen, as well as pointing to P. cactorum (Leb. et Cohn) Schroet. and P.
cinnamomi Rands as causal agents of root and stem rot in spruce species. In Medi-
terranean climates such as that in California, P. citrophthora is active during the fall,
winter and spring but not during the summer. In addition to being a serious patho-
gen on citrus, P. citrophthora has become mentioned as dangerous agent of several
other crops, including ornamental plants such as Pieris japonica (Thunb.) Don.,
Pinus halepensis Mill. and P. pinea L. (Erwin and Ribeiro 1996).

In 2002 Żółciak and Oszako (unpublished) noted the incidence of Norway
spruce dieback in Krynica, on plots of the Mochnaczka forest stand. On declining
40-year-old trees, this manifested itself in symptoms of browning and necrosis of
roots and trunks, followed by the discolouration and shedding of needles. Growth
stunting of lateral twigs in the upper crowns was readily observed and the tops of
spruce crowns started to die. Bleeding from bark lesions on trunks or root surfaces
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of declining trees were recorded, too. Rows of active or inactive cracking of bark
with necrosis of sapwood tissues were also visible. On some trees apart from dam-
age to roots, rot of the root collar was detected. The infected root system often dies
and is found to show different stages of colonisation by Nematoloma fasciculare
(Huds.) Kummer. Often the infected root stock is no longer able to keep trees in
the soil, with the result that they fall down sooner or later. Disease spreads via root
contacts between healthy and sick trees (Phot. 1). The removal of dead trees is fol-
lowed by the formation of circular gaps, which showed a tendency to increase over
time. This paper describes results of mycological analyse of diseased Norway
spruce tissues and pathogenicity of P. citrophthora isolates from different host
plants toward spruce seedlings.

Isolation and identification of fungi and fungi-like organisms
from diseased trees

The diseased parts of superficial roots and bark were taken in the middle of Oc-
tober 2003 from the bases of six dying trees, put to sterile plastic bags and trans-
ferred to the laboratory. Following disinfection over a burner flame, 3–5-mm-diame-
ter tissue parts were placed on a surface of Difco potato dextrose agar (PDA) in 90
mm Petri dishes (six pieces per dish and six plates per tree). During six days of in-
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Phot. 1. Disease spreads via root contacts between healthy and diseased trees
(photo by T. Oszako)



cubation at 25°C in the dark, colonies grown around tissues parts were transferred
to PDA slants. Additionally, diseased parts of trees were put into apples (Szkuta
2004) at three points (three fruits per tree), and when brown discolouration was
seen, 3-mm-diameter circles of fruit flesh were transferred into PDA slants. Col-
onies obtained were identified using the available monographs. Phytophthora sp.
was identified using the methods described by Szkuta (2004).

Seven genera and species were isolated from diseased roots and trunk parts of
spruce (Table 1). Phytophthora citrophthora was isolated from three trees, mainly
from roots. Fusarium avenaceum (Fr.) Sacc. and F. solani (Mart.) Snyd. et Hans were
found on four and two trees, respectively (Table 1). Species of Trichoderma were
found on four trees and fast-grown colonies of hyphae masked colonies of P.
citrophthora. Apple fruits proved satisfactory baits for the isolation of P. citrophthora
from two trees.

The pathogen mentioned had been found previously in Polish ornamental nurs-
eries. Orlikowski and Szkuta (2002 a, b) isolated the species from dieback-affected
P. japonica. The pathogen was also the causal agent of Podocarpus alpinus R. Br. shoot
dieback (Szkuta 2004). Additionally, the species was isolated from diseased stem
parts of Abies alba Mill., Picea abies L., Pinus sylvestris L., Rhododendron sp. and Syringa
vulgaris L. (Orlikowski and Szkuta 2003 – unpublished, Szkuta 2004).

Colonisation of Norway spruce seedlings by isolates
of Phytophthora citrophthora

Isolates obtained from diseased A. alba, P. abies., P. japonica, P. sylvestris, P. alpi-
nus and S. vulgaris were used (Table 2). Stock cultures were maintained on PDA at
24°C in the dark. 3-mm-diameter mycelial disks, taken from the edge of se-
ven-day-old colonies, were put on the base of two-week-old Norway spruces in
polystyrene boxes on sterile moist blotting paper covered with plastic net. Boxes
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Table 1
Fungi and fungi-like organisms isolated from six dying trees of Picea abies

(18.10.2003, Mochnaczka)

Genus/species Number of infested trees
Number of isolates from

trunks roots

Alternaria alternata Nees 3 3 1

Fusarium avenaceum (Fr.) Sacc. 4 2 7

Fusarium solani (Mart.) Snyd. et Hans. 2 – 5

Mucor spp. 6 7 11

Penicillium spp. 4 8 1

Phytophthora citrophthora (Smith et Smith)
Leonian

3 6 10

Trichoderma spp. 4 4 7



were covered with foil and incubated at a temperature of 22–25°C in the dark. After
three- and five-day-incubations, lengths of necrosis were measured. The experi-
mental design was completely randomised with four replications (10 seedlings in
each). Trials were repeated three times at three-week-intervals.

All six isolates of P. citrophthora, used for seedlings inoculation, caused dieback
of plants (Table 2). Both after three- and five-day-incubation necrosis spread sig-
nificantly more rapidly on seedlings inoculated with the isolate from P. abies. There
were no significant differences between the pathogenicity of five other isolates to-
ward spruce seedlings (Table 2). Necrosis spread about 4 mm per day.

The results obtained in general pointed to a lack of differences between the
pathogenicity of tested isolates. It is possible that, in nurseries, the pathogen
spread from one host plant to others. The source of the pathogen in the Norway
spruce stand is unknown. Novotel’nova (1974) in her monograph of Phytophthora
pointed to P. engelmannii and Pinus species as potential hosts of that pathogen.
Probably the pathogen was introduced to the spruce stand from a pine forest or
nurseries. Studies of Orlikowski et al. (1995) and Orlikowski and Szkuta (2002 –
unpublished) indicated on Pinus spp. as the source of Phytophthora species. Szkuta
(2004) indicated that P. citrophthora was a stenothermal species with a 25–30°C op-
timum temperature for development. The warm vegetation period in 2003 proba-
bly favoured the development of Phytophthora species, including P. citrophthora, so
we were able to isolate it from diseased trees. Our study pointed to the Krynica
stand of Norway spruce as an example of the occurrence of P. citrophthora in Polish
forests. Possibly that and other Phytophthora species may occur in stands where
spruce trees showed trunk and root rot symptoms.
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Table 2
Colonisation of two-week-old seedlings of Picea abies by Phytophthora citrophthora

(5.03.2004)

Source of isolates
Length of necrosis (mm)

3 days after inoculation 5 days after inoculation

Abies alba 10.2 a 17.8 a

Picea abies 15.8 b 23.5 b

Pieris japonica 11.4 a 19.7 a

Pinus sylvestris 13.2 a 21.6 ab

Podocarpus alpinus 11.6 a 19.3 a

Syringa vulgaris 12.9 a 20.4 a

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