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The comparative ease and speed of international trade and travel have enabled or enhanced the spread of
pests around the globe. For example, trade in ornamental plants has bolstered the spread of alien Oomyc-
etes such as pathogenic species of Phytophthora. To date, four Phytophthora species have been identified
in Finland: P. cactorum on Fragaria x ananassa, Betula pendula and Rhododendron spp., P. plurivora on
Rhododendron spp. and Syringa vulgaris, and P. pini and P. ramorum on Rhododendron spp. The ascomycete
Colletotrichum acutatum, which was listed as a quarantine pathogen by the European Union until 2009,
was introduced in 2000 and can survive in plant debris over two winters in Finland. Positive PCR results
have also been obtained from bait plants grown in soil collected from locations where diseased Fragaria x
ananassa plants had earlier been destroyed. In the mid-1990s, there was an epidemic of foliar rust caused
by the Asian basidiomycete Melampsoridium hiratsukanum on Alnus glutinosa and A. incana. Recently,
two ascomycetes that have been introduced are Dothistroma septosporum (responsible for red band needle
blight on Pinus sylvestris) and Chalara fraxinea (causing ash decline on Fraxinus excelsior).
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Introduction

Alien species are introduced by man, most often
accidentally, and are more or less naturalized in
areas outside their natural range and typically
exhibit low genetic variation (Sakai et al. 2001).
All non-natives compete with indigenous species
and some may be harmful plant pathogens. The
comparative ease and speed of international trade
and travel have enabled pests to disperse around
the globe more effectively than their biology would
otherwise allow. In addition to human-mediated
transport, many fungi produce spores that permit
their spread over great distances.

A classical example of an alien species is Phy-
tophthora infestans (Mont.) de Bary, the pathogen
responsible for potato late blight. This fungus was
introduced into Europe from South America on
potato tubers where it caused the Great Irish Potato
Famine of 1845-1850. Even today, P. infestans
limits potato production throughout the world (Er-
win and Ribero 1996). The ornamental plant trade
in particular has unwittingly spread Phytophthora
and the ecological consequences have in some cas-
es been significant. For example, P. cinnamomi
Rands is an omnivorous pathogen infecting many
plant species used in agriculture and forestry (Er-
win and Ribeiro 1986). Since its introduction, P.
lateralis Tucker & Milbrath (the cause of Port Or-
ford Cedar Root Disease) has threatened Lawson’s
cypress (Chaemaecyparis lawsoniana (A. Murr.)
Parl.), an important native tree species in riparian
areas of Oregon and California (Zobel et al. 1985,
Hansen et al. 2000, Hansen 2008).

Information on the biology and impact of in-
troduced species are fundamental components
of successful management programs targeting
non-native pathogens. The aim of this article is
to compile information on introduced pathogens,
airborne fungi and alien Phytophthora that have
been isolated from ornamentals, strawberry plants
and trees in Finland. Each section summarizes the
research on a particular pathogen, its pathology
and likely means of introduction.
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Phytophthora cactorum, an established
new pathogen

Phytophthora cactorum (Leb. and Cohn) Schréter
occurs worldwide and causes root and collar rots,
fruit rots, cankers, leaf blights and wilts in over 200
plant species (Erwin and Ribeiro 1996). In Finland,
P, cactorum was isolated for the first time in 1990
from strawberry (Fragaria x ananassa Duch.) plants
presenting symptoms of crown rot (Parikka 1990).
A year later, it was found in necrotic stem lesions
of silver birch (Betula pendula Roth) (Lilja et al.
1996). Typically, necrosis in the crown causes wilt
and dieback of strawberry plants. In birch, necrotic
lesions occur on stems and leaves but roots are unaf-
fected. The pathogen can survive in soil or organic
matter for a considerable period of time, even when
winter temperatures drop below 0 °C (Grove et
al. 1985, Lilja et al. 2006). Today P. cactorum is
an important pathogen in agriculture and forestry
(Juntunen 2000, Lilja et al. 2006).

According to our observations, Finnish iso-
lates of P. cactorum from strawberry and birch are
morphologically distinguishable in terms of the
relative size of oogonia, oospores and sporangia
(Hantula et al. 2000). Although individual vari-
ation in morphology is evident, microscopic ex-
aminations could not identify intraspecific genetic
groups or establish host specificity among isolates
from apple, birch, rhododendron and strawberry
(Stamps et al. 1990, Hantula et al. 2000). However,
both random amplified microsatellite (RAMS) and
random amplified polymorphic DNA (RAPD) fin-
gerprinting analyses revealed substantial genetic
variation among isolates of P. cactorum, and iso-
lates from birch and European strawberry formed
separate groups in cluster analyses (Hantula et al.
1997, 2000, Lilja et al. 1998).

A subsequent analysis of amplified fragment
length polymorphisms (AFLP) revealed that 16
of 23 crown rot isolates from Europe, Japan, Aus-
tralia and New Zealand were identical (Eikemo et
al. 2004). However, isolates from strawberry plants
in different states or from different host plants in
Germany, Canada and the US were polymorphic
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and formed 42 unique AFLP profiles (Huang et al.
2004). We also found high genetic variation within
the North American population of P. cactorum in-
fecting strawberry (Hantula et al. 2000). The high
variation suggests that P. cacforum originates in
North America and instances of the pathogen in
Europe, Oceania, Asia and Africa are transplants
of that population (Hantula et al. 2000, Eikemo
et al. 2004, Huang et al. 2004). Crown rot isolates
in Europe are genetically identical (Hantula et al.
1997, 2000, Lilja et al. 1998, Eikemo et al. 2004),
perhaps representing a single clonal genotype that
may reflect the extensive migrations of isolates via
propagation material transported throughout Eu-
rope. The spread of P. cactorum in birch remains to
be determined since genetic analysis has only been
completed for isolates from Finland (Hantula et al.
1997, 2000, Lilja et al. 1998, Eikemo et al. 2004).

Phytophthora ramorum, a new invader
causing severe problems elsewhere

Anew species of Phytophthora, P. ramorum Werres
de Cock & Man in’t Veld, was described by Werres
et al. (2001) and shown to be associated with twig
blight on rhododendron (Rhododendron spp.) and
viburnum (Viburnum spp.) in Germany and the
Netherlands. Later, the same fungus was found to
be responsible for the death of oaks (Quercus spp.)
and tanoaks [(Lithocarpus densiflorus (Hook & Arn.)
Rehd.] in native forest ecosystems of coastal Cali-
fornia and southwestern Oregon (Rizzo et al. 2002,
2005, Davidson et al. 2005, Prospero et al. 2009).
The disease is known as sudden oak death (SOD).

In the spring of 2004, P. ramorum was found
for the first time in Finland. It was isolated follow-
ing a positive PCR-test from commercial rhodo-
dendron plants imported from other EU member
states (Lilja et al. 2007). The pathogen was sub-
sequently identified the following August in Rho-
dodendron catawbiense Michx and several other
cultivars produced by micropropagation in a Finn-
ish nursery (Lilja et al. 2007). Since then, the Finn-
ish Food Safety Authority (Evira) has carried out
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extensive surveys at the nursery. Today, we know
that the pathogen remains in the nursery although
all rhododendron seedlings and growth media have
been destroyed every year in the area where the
disease has been found. Routine examinations rely
on a P. ramorum-specific PCR. The verification of
morphological identification of isolates was done
by partial B-tubulin gene sequencing (Lilja et al.
2007).

Risk analyses assume that the success of a pest
introduction is positively correlated with the extent
of'its host range (Cave et al. 2005). P. ramorum has
many hosts in different plant families (Hansen et
al. 2005, Denman et al. 2005). In our pathogenic-
ity tests, P. ramorum caused stem lesions on silver
birch and even more serious symptoms on rhodo-
dendron, viburnum (Viburnum lentago L.), bug bil-
berry (Vaccinium uligonosum L.) and blueberry (V.
myrtillus L.), but strawberry, English oak (Quercus
robur L.), Scots pine (Pinus sylvestris L.) and Nor-
way spruce (Picea abies (L.) Karst.) were resistant
(Lilja et al. 2007, 2010). Although the pathogen
has been detected in many European hardwoods
(Brasier et al. 2004, EPPO 2010), a serious SOD
epidemic has so far only occurred in the western
US. In Europe, P. ramorum has mainly been im-
plicated as the cause of leaf, twig and shoot blight
in different ornamental hosts found commonly in
nurseries and parks and infected trees have grown
near diseased rhododendrons (Werres et al. 2001,
EPPO 2010). However, in August — October 2009
widespread dieback and mortality of both mature
and young Japanese larch [Larix kaempferi (Lanb.)
Carriere] was reported from multiple sites in south-
west England, and no infected rhododendrons were
found in the vicinity of the diseased trees (EPPO
2010).

It is not known how P. ramorum originally
entered Europe or North America, but the mating
type, morphology, growth characters, and popula-
tion distribution with three distinct clone lineages
suggest that separate introductions may have oc-
curred from a third and presently unknown loca-
tion (Brasier 2003, Rizzo et al. 2005, Werres and
Kaminski 2005, Goss et al. 2009, Prospero et al.
2009). The main source of the pathogen is most
likely the importation of infected ornamentals.
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Phytophthora plurivora and P. pini, two
taxonomically-related invaders in nurser-
les

The P, citricola species complex is found worldwide
on numerous host species (Erwin and Ribeiro 1996).
Previous attempts to unravel the taxonomy of this
complex include isozyme analysis and single-strand-
conformation polymorphism of ribosomal DNA
(SSCP) fingerprinting techniques (Oudemans et
al. 1994, Kong et al. 2003). Both genetic analyses
revealed several distinct subgroups, although in most
cases no differences in morphology or host range
were detected (Oudemans et al. 1994, Kong et al
2003). Two molecular phylogenetic studies of the
internal transcribed regions (ITS1 and ITS2) and
5.8S gene of the rRNA operon, the mitochondrial
cox1 and B-tubulin genes revealed two new species
in the P, citricola complex (Scott et al. 2009, Jung
and Burgess 2009). Moreover, these studies divided
the species complex into five groups:1) P. citricola
8. str. 2) P, citricola, subgroup 1, 3) P. plurivora T.
Jung & T.I. Burgess, 4) P. citricola subgroup III,
and 5) P. multivora P.M. Scott & T. Jung. Later the
P, citricola I has proved to be P, pini L.H. Leonian,
a species recently resurrected (Hong 2009). P.
multivora is widespread in natural ecosystems of
Western Australia, whereas P. plurivora is abundant
in semi-natural ecosystems and nurseries across
Europe where it causes bark necrosis, fine root
loss and dieback in numerous species (Jung and
Blaschke 1996, Nechwatal and OBwald 2001, Jung
et al. 2005, Jung and Nechwatal 2008, Scott et al.
2009). Many isolates representing these new species
have in previous studies been called P. citricola or
occasionally P, inflata N.E. Caroselli & C.M. Tucker
(Jung and Burgess 2009).

We have isolated P. plurivora [previously
identified as P, inflata; based on the similarity of
B-tubulin gene sequence to a reference strain in
GenBank from rhododendron and common lilac
seedlings (Syringa vulgaris L.) (Lilja et al. 2007)]
and P .pini (previously identified as P. citricola 1
based on the similarity of B-tubulin gene sequence
to a reference strain in GenBank), from rhododen-
dron cultivars in Finland. Members of P. pini are
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widespread in the eastern US and cause damage
and mortality in introduced species such as Eu-
ropean beech (Fagus sylvatica L.) (Jung et al.
2005). In Europe, this species has only been found
in nurseries, which indicates a recent introduction,
possibly from the US. In our pathogenicity trials,
both species infected most host plants including
strawberry, thododendron, silver birch, Norway
spruce, bug billberry, blueberry, lingonberry (Vac-
cinium vitis-idaea L.) and common lilac. In our
trials, the only resistant woody species was Scots
pine (Lilja et al. 2007).

Colletotrichum acutatum, a new threat to
agriculture

Colletotrichum acutatum Simmonds is an omnivo-
rous pathogen causing serious diseases on many
agriculturally-important hosts such as almond [ Pru-
nus dulcis (Mill.) D.A. Web.], avocado (Persea spp.),
peach (Prunus persica L.), apple (Malus domestica
Borkh.), blueberries (Vaccinium spp.), citrus (Citrus
spp.) and strawberry (EPPO 1997). The pathogen
affects roots, leaves, blossoms, twigs, and fruits,
and causes crown and root rot, defoliation, blossom
blight, anthracnose and fruit rot.

Although C. acutatum has a very wide host
range, it is economically most important in straw-
berries where it causes black-spot disease on fruits
and petioles. Under suitable conditions sunken
spots cover the entire fruit within a few days and
salmon-pink spore masses are rapidly produced on
infected tissues. The fungus can also live on plants
as epiphytic and endophytic infections without vis-
ible symptoms (Freeman et al. 2001, Leandro et al.
2001). Anthracnose of strawberry was detected for
the first time in Finland in August 2000. Symptoms
became visible during warm and rainy weather on
imported plant material maintained outdoors in the
eastern part of the country (Parikka and Kokkola
2001, Parikka and Lemmetty 2004).

According to the literature, temperature and
soil moisture strongly influence the survival of C.
acutatum. The fungus survives best under cool,
dry conditions where the growth and activity of
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competing microflora are depressed (Eastburn
and Gubler 1990, 1992, Norman and Strandberg
1997). It can also infect several weed species and
survive in their living tissues and debris (Berrie
and Burgess 2003, Parikka and Lemmetty, 2009).
In Norway, C. acutatum has also been detected in
sour cherry (Prunus cerasus L.), two Cotoneast-
er-species, blackberry (Rubus fruticosus L.), rasp-
berry (R. idaeus L.), nettle (Urtica dioica L.) and
northern dock (Rumex longifolius D.C.) around
infested strawberry fields (Stensvand et al. 2006).
Survival of conidia and sclerotia in infected leaf
debris declined rapidly under moist conditions
(>12% moisture, vol/wt), but under dry condi-
tions conidia remained viable for up to 12 months
when infested leaf debris was buried in soil (Nor-
man and Strandberg 1997). Furthermore, Wilson
et al. (1992) states that the fungus can overwinter
in diseased berry residues under cool conditions.
In our experiments, C. acutatum survived in plant
debris on the soil surface for two winters (Lilja
et al. 2006, Parikka et al. 2006). In infected weed
debris, C. acutatum survived a summer exposed
on the soil surface (Parikka and Lemmetty 2009).
Conidia applied to denim fabric were recovered
up to five weeks after application, indicating that
contaminated clothing could transport conidia ef-
fectively within and between plants (Norman and
Strandberg 1997). Splash dispersal has also been
shown to be important in the local spread of the
pathogen. The incidence of strawberry anthracnose
30 cm from an inoculum source increased from
25% after 30 sec of rain to 99% after 16 min. (Mad-
den et al. 1992). Once the disease is introduced into
afield, the pathogen spreads effectively by conidia
and subsequent disease losses can be extensive. In
our tests, more positive PCR results were obtained
from bait plants grown in soil collected from the
field where infected plants had been destroyed two
years earlier than from samples collected a year
after plant destruction (Lilja et al. 2006). Thus,
strict hygiene and control in nurseries is needed to
prevent the spread of the disease, since fungicides
are not effective against C. acutatum.

Melampsoridium hiratsukanum, an epi-
demic caused by a recent range exten-
tion of an alternate host

Three fungi cause foliar rust on alders (4/nus spp.):
Melampsoridium alni (Thiimen) Dietel, M. betu-
linum (Fr.) Kleb. (Roll-Hansen and Roll-Hansen
1981), and M. hiratsukanum (Gdumann 1959,
Wilson and Henderson 1966). During the 1970s,
an epidemic in European alder was caused by M.
betulinum, a species more commonly found on birch
(Betula spp.) (Roll-Hansen and Roll-Hansen 1981).
In the mid-1990s, a second epidemic of foliar rust
took place in alders [4/nus glutinosa (L.) Gaertner
and 4. incana (L.) Moench] in Estonia and Finland
(Pdldmaa 1997, Kurkela et al. 1999). The morpho-
logical similarity of the pathogen to M. hiratsukanum
was noted and recent work confirmed the species
identification (P6ldmaa 1997, Kurkela et al. 1999,
Hantula et al. 2009). The disease causes consider-
able damage to alder foliage in late summer, when
diseased trees can easily be seen from a distance.
All the foliage turns brown and the leaf margins curl
inward. Successive infections can cause tree death.

M. hiratsukanum was first described on Man-
churian alder [Alnus hirsuta (Spach) Turcz. ex
Rupr.] in Japan. It is a heteroecious rust that pro-
duces spermagonia and aecia on larch (Larix spp.)
needles, and uredinia and telia on the leaves of al-
ders. The occurrence of M. hiratsukanum on natu-
rally infected foliage of both Dahurian larch (L.
dahurica Turcz. & Trautv.) and Siberian larch (L.
sibirica Ledeb.) in Finland and of the identical ITS
sequence of the fungus obtained from grey alder
(4. incana) and Siberian larch within a mixed stand
provide strong evidence that larch is involved in the
natural life cycle of M. hiratsukanum in Finland
(Hantula et al. 2009).

Outbreaks of foliar rust on alders have recently
been reported from many other European countries
too. The rust has been identified as M. hiratsuka-
num based on its morphology (Gjaerum et al. 2004,
Sert and Sumbul 2005).

To investigate the possibility that the recent
European rust epidemic is of an east Asian ori-
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gin, Hantula et al. (2009) showed that the Finnish
pathogen utilized Asian larch species as alternate
hosts. In inoculation trials, M. hiratsukanum, found
on naturally-infected alder, could infect larch spe-
cies from Eurasia, (Dahurian and Siberian larches),
Europe [European larch (L. decidua Miller)] and
North America [Alaskan larch, (L. laricina (Du
Roi) C. Koch)] (Hantula et al. 2009). The patho-
gen was also present in naturally infected foliage
of both Dahurian and Siberian larches in Finland
(Hantula et al. 2009). The natural distribution of
larch trees provides an unbroken range of alternate
hosts capable of supporting M. hiratsukanum ex-
tending from the Pacific coast of the Russian Feder-
ation in the east through Siberia to the White Sea in
the west (Kriissmann 1960). Similarly, the natural
range of Manchurian alder stretches from Japan in
the east through western Siberia where its distribu-
tion overlaps that of Eurasian grey alder. The latter
species extends westwards as far as the Atlantic
coasts of Scandinavia and southwestern Europe
(Jalas and Suominen 1976, EPPO 2000). There
was, however, a natural gap in the distribution of
Dahurian/Siberian and European larches in Eastern
Europe, including Finland, which was closed by
foresters during the last few centuries. Therefore,
a natural migration of M. hiratsukanum from the
Far East to Europe could have occurred given the
continuity of both main and alternate hosts for the
pathogen within the intervening area. This route
of entry into Europe would be consistent with the
broad front over which new records of M. hirat-
sukanum have been reported since the mid-1990s.
This front extends from Finland and Norway in the
north to Turkey in the south (Kurkela et al. 1999,
Gjaerum et al 2004, Sert and Sumbul 2005).

A comparison of M. hiratsukanum ured-
iniospore morphology found no differences among
samples from Austria, Estonia, Finland, Japan, or
Switzerland (Hantula et al. 2009). Furthermore,
sequence analysis of the ITS region for a selection
of these samples detected only minor differences
and revealed that M. hiratsukanum in East Asia
and Europe belong to a single palearctic popula-
tion (Hantula et al. 2009). Thus, as proposed earlier
by Kurkela and Hantula (1999), it seems likely that
the natural spread of a new rust species through
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Siberia from East Asia caused the recent European
epidemic of foliar rust on alders.

Dothistroma septosporum, an epidemic
possibly associated with climate change

Red band needle blight, caused by Dothistroma
septosporum (Dorog.) and D. pini (Hulbary), is an
economically important disease causing premature
defoliation. The perfect stage of D. septosporum
is Mycospaerella pini Rostr. (Barnes et al. 2004),
whereas that of D. pini is unknown (Barnes et al.
2008). Red band needle blight is caused in Europe
mainly by D. septosporum while D. pini has so far
been reported here only occasionally (Barnes et al.
2007). Many coniferous hosts are susceptible, but
over 69 species of 2-, 3- and 5-needle pines (Pinus
spp.) are particularly vulnerable to the disease
worldwide (Ivory 1994, Gibson 1979, Barnes et al.
2008). Scots pine has generally a low susceptibility
to Dothistroma and the most serious epidemics oc-
cur on pines when cultivated outside their natural
distribution area (Watt et al. 2009).

The typical symptoms of red band needle blight
were found on Scots pine during the summers of
2007 and 2008 in 14 rural districts of southern and
central Finland (Miiller et al. 2009). Red bands
with aggregations of conidial stromata on other-
wise brown, attached needles were frequently ob-
served on saplings and young trees in dense stands
and occasionally on the lower twigs of mature trees
(Miiller et al. 2009). Disease symptoms were also
observed on the needles of both lodgepole pine (Pi-
nus contorta Douglas ex Loudon) and cembra pine
(P. cembra L.), which sometimes occur in Finland
as introduced species (Miiller et al. 2009). Sub-
sequent infections have been found on European
black pine (P, nigra Arnold) and mountain pine (P.
mugo Turra) ornamentals.

Pure cultures of D. septosporum were obtained
from acervuli on the needles of pine trees in various
forest sites and their identification was verified by
sequencing (Miiller et al. 2009). Sequences of the
ITS-region (including 5.8S rRNA gene) obtained
from Finnish isolates were identical to each other
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and over 50 published sequences of D. septospo-
rum (Miiller et al. 2009). In a nursery experiment,
brown segments and red bands appeared on inocu-
lated 1-year-old seedlings of Scots pine within a
month and conidial stromata could be seen on nee-
dles 2 to 4 weeks after the first symptoms (Miiller
et al. 2009).

Symptoms and conidial stromata were found
on needles of forest trees after a mild and rainy
winter (Miiller et al. 2009). Thus, prevalence of the
disease might be associated with winter conditions
more typical of more southern latitudes or those
predicted under models of global climate change
(Woods et al. 2005). In 2006, D. septosporum was
found on pines in Estonia (Hanso and Drenkhan
2008) and perhaps the spores reached Finnish pine
forests via aerial dispersal from Estonia across the
Gulf of Finland, a distance of 50 to 100 km. Re-
sults from the inoculation experiment and prob-
able aerial dissemination suggest that this intro-
duced species possibly occurs in Finnish nurseries
although the low number of pines produced and
routine application of fungicides restrict its detec-
tion and limit its establishment.

Chalara fraxinea, a destructive pathogen
of common ash

During the last few decades common ash (Fraxinus
excelsior L.) in Europe has shown extensive decline
and mortality. A recently described fungus, Chalara
fraxinea T. Kowalski, is responsible for the disease
(Kowalski 2006, Kowalski and Holdenrieder 2009a,
Bakys et al. 2009a,b). Kowalski and Holdenrieder
(2009b) have suggested that the teleomorph of
C. fraxinea is Hymenoscyphus albidus (Rodge
ex Desm.) W. Phillips, an ascomycete known in
Europe for a long time and considered a harmless
decomposer of fallen leaves (Ellis and Ellis 1997).
However, some recent studies showed certain ge-
netic differences among Hymenoscyphus isolates
in areas devastated by the disease, as compared to
areas where the disease has not yet been observed
and a new species, H. pseudoalbidus V. Queloz,
C.R. Giinig, R. Berndt, T., Kowalski, T.N. Sieber
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& O. Holdenrieder responsible for ash decline has
been described (Queloz et al. 2011).

Symptoms were first observed in Lithuania and
Poland during the 1990s (Juodvalkis and Vasiliaus-
kas 2002, Przybyt 2002). By 2002, approximately
60 % of the ash stands in Lithuania had been killed
by ash dieback (Vasaitis and Lygis 2008). Today,
80 % of ash stands in Poland are affected and ash
decline has been observed to spread into many
other countries including e.g., Finland, Estonia and
Latvia (Rytkonen et al. 2011).

Symptoms of the disease include wilting
caused by necrotic lesions and stem and branch
cankers. Necrosis is also present on leaves, peti-
oles and achenes. Usually, top dieback is the first
symptom to be noticed. Trees are dying in all age
classes in forest stands as well as in parks and nurs-
eries (Kowalski 2006, Bakys et al. 2009a,b). While
C. fraxinea occurs abundantly on diseased trees,
declining ashes are also colonized by other poten-
tially pathogenic fungi in the genera Alternaria,
Cytospora, Diplodia, Fusarium, Phoma, Phomop-
sis and Armillaria (Przybyt 2002, Lygis et al. 2005,
Bakys et al. 2009a,b).

Kowalski and Holdenrieder (2009a) showed
using field inoculations that C. fraxinea caused
stem lesions similar to those in nature. In Sweden,
molecular techniques were used to detect the path-
ogen in common ash and it was found that isolates
could cause bark and cambium necrosis in artifi-
cial inoculations (Bakys et al. 2009a,b). Kirisits et
al. (2009) found C. fraxinea in narrow-leaved ash
(F. angustifolia Vahl.) and that it was also patho-
genic to this host in inoculation trials. Recent in-
vestigations of secondary metabolite production of
C. fraxinea led to the isolation of the phytotoxin
viridiol and the fungistatic compound viridin (An-
dersson et al. 2010).

C. fraxinea has often been detected with
DNA-methodology in symptomless petioles, al-
though isolations have failed from tissue adja-
cent to a necrotic area (Bakys et al. 2009). This
fungus grows slowly in culture and can easily be
overgrown by other species during isolation. The
identification is also time-consuming since the pro-
duction of phialides on agar takes several weeks
(Kowalski 2006). To overcome these problems at
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least two species specific ITS-primer pairs have
recently been developed for its molecular detec-
tion (Chandelier et al. 2010, Johansson et al. 2010).

In Finland, the first signs of ash decline were
seen first in the Aland archipelago in 2000 and later
in 2007 in mainland. Although ash is indigenous
only in southern Finland, the ash can be grown
in the central part of the country where it is used
widely as an amenity tree. To date, C. fraxinea has
only been isolated from trees in southwest Finland
and the Aland archipelago (Rytkdnen et al. 2011).

The spores of Hymenoschyphus are likely
more important for dispersal of the disease than
are the sticky conidia of C. fraxinea (Kowalski
and Holdenrieder 2009). Although insect vectors
are important in the dispersal of several species of
Chalara (Nag Raj and Kendrick 1993), none have
been shown to carry C. fraxinea.

Conclusions

Globalization has led to a rapid increase in the trade
of plants, most of which are used as ornamentals. The
trade has also increased the spread of associated or-
ganisms, some of which are plant pathogens (Hansen
2008, Desprez-Loustau et al. 2010). Simultaneously,
climate change predictions are going to affect the
distribution and virulence of pathogens, many of
which have not been considered important because
of an unfavorable climate (Desprez-Loustau et al.
2007). It is interesting that although the ornamental
plant trade has obviously been the most frequently
utilized pathway for pathogens to reach Finland,
organisms arriving by more natural means have so
far caused the most extensive damage. Furhermore,
many of these new pathogens appear on ornamentals
or amenity trees, the socioeconomic value of which
often exceeds that of forest trees.

Ornamental plants host many Phytophthora
species, pathogens that are supposed to have origi-
nated from more temperate regions than Finland.
To date, four Phytophthora species have been
identified in Finland: P. cactorum on Fragaria x
ananassa, Betula pendula and Rhododendron spp.,
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P. plurivora on Rhododendron spp. and Syringa
vulgaris, and P. pini and P. ramorum on Rhododen-
dron spp. (Lilja et al. 1996, 2010). None of them
are host specific, but may cause different symptoms
depending on the host plant (Erwin and Ribeiro
1996, Werres et al. 2001, Rizzo et al. 2005, Jung
and Burgess 2009, Thinggaard 2009). We have only
isolated these Phytophthora species from nursery
seedlings or strawberry plants, but P. cactorum and
P, plurivora are known to cause necrotic lesions,
root rot and high mortality also in trees growing
naturally in Germany and Denmark (Werres et al.
1995, Thinggaard 2009). Phytophthora ramorum
has been detected on trees in Great Britain and the
Netherlands and on ornamentals in most European
countries (Brasier et al. 2004, EPPO 2010).

Climate change will also increase many foliar
diseases such as rusts, powdery mildews and many
other fungi will benefit from increased precipita-
tion (Woods et al. 2005, Desprez-Loustau et al.
2007). Woods et al. (2005) found that a relatively
small increase in rainfall was the primary cause of
the Dothistroma septosporum epidemic in north-
west British Columbia (Woods et al. 2005). In Fin-
land, typical symptoms of red band needle blight
were first documented in 2007 (Miiller et al. 2009),
and alder rust Melampsoridium hiratsukanum has
caused early shedding of alder leaves since 1995
(Hantula et al. 2009). Both of these introduced
pathogens will likely benefit from increasing pre-
cipitation during the summer months.

The recently described and emerging ash de-
cline disease, caused by Chalara fraxinea, might
in the future be a serious threat to ashes in Europe.
The first signs of the disease in Finland were seen
in the Aland archipelago and later in the southwest
mainland (Rytkonen et al. 2011). As no diseased
trees have yet been found in eastern Finland, it
seems that the epidemic is spreading eastwards
through the contiguous distribution of ash species
in Southern Finland (Rytkdnen et al. 2011). If the
disease is as aggressive in Finland as it has been in
other Baltic countries, there is an urgent need for
a selective breeding program to develop strains of
F. excelsior resistant to the pathogen.

Since 2004, when P. ramorum was first de-
tected in a Finnish ornamental nursery, the Finn-
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ish Food Safety Authority (Evira) has carried out
extensive on-site surveys. Today, the pathogen can
still be detected there although all rhododendron
seedlings and growth media have been destroyed
every year in the area where the disease has been
found (Lilja et al. 2010). Similarly, the presence of
a second alien pathogen, Colletotrichum acutatum,
was confirmed by PCR from bait plants grown in
soil collected from the field where infected plants
had earlier been destroyed (Lilja et al. 2006).

Climate change is expected to increase the
mean temperature in Finland by 1-3 °C and cli-
matic extremes such as drought, heavy rains and
storms to become more frequent (Jylhd et al. 2009).
Under such conditions, plants will be subjected to
intense periods of stress more often (Woods et al.
2005, Deprez-Loustau et al. 2007). Studies over
the past 20 years have shown that new pathogens
are arriving in Finland with increasing frequency.
While the influence of future climate change on the
prevalence, spread and severity of diseases caused
by new pathogens is difficult to predict, in several
cases the native Finnish flora has already suffered
greatly or is currently facing serious threats from
emerging diseases.
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