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Alien Species in Finnish Nurseries, Phytophthora spp.
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Abstract — International trade has increased the risk of pest spread. The climatic change will also
improve the establishment of introduced species into new geographical areas. Since the beginning of
1990's Phytophthora cactorum has caused losses in agriculture on strawberries and caused stem
lesions on silver birch seedlings in forest nurseries in FinlAndamorumwas found in Finland for

the first time in spring 2004 on market&hododendrorspp. plants originating from other EU
member states. In August 2004 the pathogen was also found in one Finnish nursery on German
Rhododendron catawbiengdants and on several other FinnRhododendrorspp. cultivars. Most
common microbes isolated from the lesions on the FinRisbdodendrorieaves collected in 2005
werePestalotiopsisp.,P. cactorumpP. inflataandP. ramorum. In pathogenicity triaR. inflata was

capable to infect most host plants used in tests includgliagaria x ananassaBetula pendulaAlnus
glutinosa A. incana Picea abiesandVaccinium vitis-ideaP. ramorum caused also stem lesions on
birch and alder, but was less pathogenic tRaninflata. Pinus sylvestrisvas resistant to both

P. ramorumandP. inflata.

Phytophthora cactorum / P. ramorum/ P. inflata / hosts / pathogenicity

Kivonat — Behurcolt fajok a finnorszagi csemetekertekbenPhytophthora spp. A nemzetkdzi
kereskedelem noveli a karositok terjedésének kockazatat. A klimavaltézégitla behurcolt fajok
megtelepedését az Uj foldrajzi terliletekerPiytophthora cactorum Finnorszagban az 1990-es évek
elejétl a foldiepren medgazdasagi karokat, erdészeti csemetekertekben, a bibircses nyir magoncokon
pedig szarnekrdzist okoz. R. ramorum-ot Finnorszagbanssk6r 2004 tavaszan talaltuk meg, mas
EU tagallamokbol szarmaz6 kereskedelRhododendronnévényeken. 2004 augusztusdban a
korokozot egy finn csemetekertben is megtalaltuk németorszagi szarm&t&mipdendron
catawbiensentvényeken és tobb mas, finnorsz&fiododendronfajtan. A 2005-ben bedgjtott
finnorszagi Rhododendronevelek nekrézisaibdl leggyakrabbanPastalotiopsissp., P. cactorum,
P.inflata és aP. ramorum mikroorganizmusokat izolaltuk. A patogenitasi vizsgalatok soran a
P.inflata képes volt megfeszni a legtdbb tesztndvényt, koztuk Faagaria x ananassa Betula
pendula Alnus glutinosaA. incana Picea abiesésVaccinium vitis-ideafajokat. AP. ramorum is
szarnekrdzist okozott a nyiren és az égeren, de mflatanal kevéssbé bizonyult patogénnek.
A Pinus silvestrismind aP. ramorum mind &. inflatafajokkal szemben ellendll6 volt.

Phytophthora cactorum / P. ramorum / P. inflata / gazdak / pathogenitas
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Phytophthora cactorum

Phytophthora cactorunfLebert and Cohn) J. Schrét is a pathogen whidhaissported with
plant material as latent infections and can alswige in soil and plant debridt is an
economically important soil-borne pathogen of maeybaceous and woody species (Erwin
and Ribeiro 1996). In forestrly. cactorumis known to cause root rot and stem cankers on
many tree species (Erwin and Ribeiro 1996). In Smeitl was present in soil together with
other Phytophthoraspecies in stands where oal@uércus roburlL.) showed tree crown
defoliation (Jbnsson et al. 2003). In inoculatidnsaused significant dieback of fine root and
necrotic lesions on coarser root of oak seedlidgagson, 2004). In Finlarkl cactorumwas
isolated for the first time in 1990 from strawberffyragaria x ananassaDuch.) plants
suffering from crown rot (Parikka 1991). A yearediatt was isolated from necrotic stem
lesions on silver birchBetula pendulaRoth.) seedlings growing in forest nurseries €Lt

al. 1996; Hantula et al. 1997, 2000). Since thénithported pathogen has caused crop losses
in strawberry fields mainly as an agent of crowh and increased culling of seedlings in
forest nurseries.

Phythophthora cactorum and different host species

According to our observations the morphologyPofcactorumisolates from strawberry and
birch differ from each otheF{gue 1a, b.
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Figure 1. Sporangia of Phytophthora cactorum isedafrom strawberry (a) and silver birch (b).

We carried out microscopic measurements and fouswtral statistically significant
differences in the sizes of the oogonia, oospoms$ sporangia (Hantula et al. 2000).
However, the individual variation in morphologicaharacteristics was evident, the
microscopic examinations are insufficient for thertification of intraspecies genetic groups
or host specificity among our isolates (Stamps letl890). Both the random amplified
microsatellite (RAMS) and Random Amplified Polymbip DNA (RAPD) analysis showed
substantial genetic variation among isolate® otactorum However, Finnish isolates from
birch and European crown rot isolates, includingnish isolates, from strawberry formed
own clusters in cluster analyses (Hantula et a®712000, Lilja et al. 1998). Similarly in
amplified fragment length polymorphism (AFLP) arsa$y16 of 23 crown rot isolates from
Europe, Japan, Australia and New Zealand wereicr{Eikemo et al. 2004). However, the
isolates from strawberry from different states wonf different host in the USA or from
strawberry from German or Canada, were polymorphit formed 42 unique AFLP profiles
(Huang et al. 2004). We also found high geneticiati@mn within the North American

Acta Silv. Lign. Hung. Spec. Edition, 2007



Alien Species in Finnish Nurseries, Phytophthorna sp 221

population ofP. cactorumon strawberry fruits (Hantula et al. 2000). Thessults might
suggest that the origin &. cactorums in the USA and that differences foundPncactorum

in Europe, Oceania, Asia and Africa are simply stdbf variation occurring in North
America, which has been exported from there torgthets of the world (Hantula et al. 2000,
Eikemo et al. 2004, Huang et al. 2004).

According to Seemduller and Schmidle (1979) leatbeof strawberry fruits is caused by
different strain ofP. cactorum since in general leather rot pathogens are niet tabcause
crown rot, but crown rot pathogens can infect frulost isolates from other hosts are also
incapable to infect strawberry (Hantula et al. 198@00, Eikemo et al. 2004). In our studies
the isolates from strawberry infected birch onlg wounds and the isolates from birch did
not infect strawberry seedlings at all suggestivag there are differences in host specificities
(Hantula et al. 1997, Lilja et al. 1998, Eikemoaét 2004). This is in accordance with the
observation of Seemiller and Schmidle (1979) whowsld thatP. cactorumisolates from
strawberry and apple differ in their capabilitycimuse symptoms on strawberry and apple. On
Alnusthe percentage of successful wound inoculationls aibirch isolate was 40 and most
lesions were small compared to those on the samebsich seedlings (Hantula et al. 1997).
Based on the pathogenicity experiments done savéaconclude thaP. cactorumstrains
cause more serious symptoms on the plants fromhathiey are derived than on other plants,
although variations exist between different hoanps. Thus, strains tend to be more virulent
on their hosts than on non-host plants.

We have also monitored the effect Bf cactoruminfection on the development of
container-grown, silver birch seedlings in nursang after out-planting (Lilja et al. 1996,
Lilja et al. unpublished). A PCR- based pathogetectéon system, developed by us, was
used to confirm the presenceRfcactorumin lesions after out-planting (Lilja et. al. 2006)
In spring 1999 we collected diseased and heallligrsbirch seedlings from a nursery field.

Each seedling was assessed using a scale of her: 1= no lesion , 2 = lesion < 5 fm

3 = lesion > 5 miM but not covering over half of the stem diames#er] 4 = lesion spread
over half of the stem diameter, but not girdling 8tem. On 4 May, after storage at + 4°C,
the seedlings were out-planted. In the nursery demions affected the height growth of
birch seedlings, the shoot height of seedlings welated to the disease severity.
Asymptomatic seedlings were taller than the disg#dseches and the shortest were those
with stem lesions covering over half of their stdirameter Figure 2. After out-planting
the stem lesions did not affect significantly oe tinortality or the number of leader shoot
changes. The height growth of seedlings in therestation increased with the disease
rating. Growth of seedlings with stem lesions cowvgover half of their stem diameter grew
more than healthy control seedlings or seedlingh smaller stem lesiongigure 3. Thus

the differences in shoot heights present in thesemyr between diseased and apparently
healthy seedlings were reduced, but not totallapjieared, after seven growing seasons in
the field Figure 3. However the mortality of seedlings increasedhwiicreased disease
severity Figure 4.
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Figure 2.The height of silver birch seedlings before plagtin

The health condition of seedlings was assessed asscale of 1 to 4 where:

1= no lesion , 2 = lesion < 5 N8 = lesion > 5 mrf but not covering over half of the stem
diameter, and 4 = lesion spread over half of trerstiameter, but not girdling the stem.

Seedlings with lesions were infected with Phytomtatltactorum.
The number of seedlings in each disease sevetigoey was 120
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Figure 3.The height of silver birches seven years afterpbaing.

The health condition of seedlings before plantig @ssessed using a scale of 1 to 4 where:

1= no lesion , 2 = lesion < 5 nfir8 = lesion > 5 mrf but not covering over half of the stem
diameter, and 4 = lesion spread over half of tresrstdiameter, but not girdling the stem.

Seedlings with lesions were infected with Phytomtatitactorum.
The number of seedlings in each disease sevetigorg was 120
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Figure 4.The mortality of seedlings after outplanting.
The health condition of seedlings before plantig @ssessed using a scale of 1 to 4 where:

1= no lesion , 2 = lesion < 5 nfir8 = lesion > 5 mrf but not covering over half of the stem
diameter, and 4 = lesion spread over half of trerstdiameter, but not girdling the stem.
Seedlings with lesions were infected with Phytomtatltactorum.
The number of seedlings in each disease sevetigoey was 120

Phytophthora ramorum

Phytophthoraassociated with a twig blight disease on rhododen@hododendrorsp.) and
viburnum {iburnumsp.) in Germany and the Netherlands was descaleal new species,
Phytophthora ramorunfWerres, de Cock & Man in't Veld) in 2001 (Werresal. 2001).
Later the same species was found to be resporisibtee Sudden Oak Death disease (SOD)
of oaks Quercusspp.) and tanoaksLithocarpus densiflorusHook. & Arn., Rehd) in
California, USA (Rizzo et al. 2002). The spreadPoframorumin North America has been
very rapid. The disease was first discovered ooats near Mill Valley in 1995. Since then it
has spread throughout coastal counties around d&ne Fganscisco Bay area where many
tanoaks,coast live oak @. agrifolia Née), and California black oak® ( kelloggii Newb.)
have been killed (Rizzo et al. 2002, Davidson et28l02, 2005). It has now spread to
Washington and Oregon (Davidson et al. 2005, Hamteal. 2003, Rizzo et al. 2005). In
EuropeP. ramorumwas first found and identified in Germany and Netherlands (Werrs et
al. 2001). Later it was proved to be present inynather countries, but in Europe there has
not been such epidemic as the SOD in the westerthManerica.P. ramorumhas mainly
occurred as a cause of leaf, twig and shoot blightifferent ornamental hosts in nurseries
and gardens in Belgium, Finland, Denmark, Fran@dy,|Ireland, Norway, Poland, the UK,
Slovenia, Spain, Sweden and Switzerland (Delatba.€2002, Moralejo and Werres 2002,
Orlikowski and Szkuta 2002, De Merlier et al. 208&ales et al. 2004a, b, Heiniger et al.
2004, Zerjav et al. 2004, Lilja et al.2007). Moeeent isolations have been done in Estonia
(Hanso, personal communication). In general theveatEuropean oak species such as
common oak @. robun or sessile oakQ. petraea(Matt.) Liebl] are more resistant than
American oaks, although in inoculations individtr&es have shown different susceptibility
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(Denman et. al. 2005). In some countries finds tlaso in mature trees as American
southern red oak. falcataMichx.) (Brasier et al. 2004). Other infected tréeshe UK and
the Netherlands have grown in large gardens and sth@ce of infection has been
rhododendrons.

It is not known howP. ramorumoriginally entered Europe or North America, bué¢ th
mating type, morphology, growth characters and fagmun distribution suggests that separate
introductions into Europe and into North Americaynieave occurred from a third unknown
location (Brasier 2003, Ivors et al. 2004, Rizzale005, Werres et al. 200%)is, however,
probable that imported, infected ornamentals haenlthe main source of the pathogen.

In Finland P. ramorumwas found for the first time in spring 2004 on rmetdd
rhododendron plants originating from other EU mensgiates. In August 2004 the pathogen
was also found in one Finnish nursery on rhododemslfRhododendron catawbiensichx)
and on several other cultivars produced in Finl&aydmicropropagation. Most common
microbes isolated from the lesions on the leavea Bfnnish cultivar 'Elvira’ were in 2005
PestalotiopsisP. cactorumP. inflataandP. ramorum(Lilja et al. 2007).

Phythophthora ramorum and different host species

P. ramorumspreads mostly aerially and it has not been shimninfect roots. It has many
hosts in different plant families: Aceraceae, And@ceae, Betulaceae, Caprifoliaceae,
Ericaceae, Fagaceae, Hippocastanaceae, Lauracée@mce&®e, Pinaceae, Pittosporaceae,
Primulaceae, Rhamnaceae, Rosaceae, Taxaceae, d@eaxliand Theaceae and thus the
disease expressions differ depending on hosts (ir#§02, Hong 2003, Henricot - Prior
2004, Huberli et al. 2004, 2005, Lane et al. 2@&nman et al. 2005). On woody shudrsl
other understory hosts, which can serve as a sadiio®culum for treesP. ramorummainly
causes leaf lesions or/and twig blight larger trees, symptoms vary between tree species
Leaf lesions occur always first at the tip or edgethe leaves. Bark infections cause cankers
with tarry or rusty colored exudations. The leawkmfected oak trees may turn brown over a
short period, but death may take one or more y@asbelotto et al. 2001). On tanoak the
pathogen affects both bark and leaves and deatbecaapid. On the stem base the infections
cause wilting and death eg. on viburnum (Werresle001). On conifersP. ramorum
causes needle blight and dieback of young shooystléwood tree/ Bay laureldmbellaria
californica Matt.) harbors the pathogen without suffering @esi damage itself, while
supporting abundant production of spores and thassexd the epidemic in California
(Davidson et al. 2005, Maloney et al. 2005).

In pathogenicity tests run by & ramorumcaused stem lesions on silver birch and
common alderAlnus glutinosalL.) Gaertney, but was less pathogenic thBninflata. Scots
pine Pinus sylvestri4.) was resistant t8. ramorum.

Phytophthora inflata

Phytophthora inflatgCaroselli & Tucker) was described by Caroselli ngker (1949) as a
pathogen causing cankers on eld$im{us americarL. andU. fulva Michaux) in the USA.
Later it has been reported from rotten roots oeyr plants of eldeiSambucus tenuifolium.)
and common lilac yringavulgaris L.) in the UK (Hall et al. 1992). Within surveysrfo
P. ramorum P. inflata was isolated from rhododendronB.( ponticumL.) with wilting
foliage and blackened shoot tips in a nursery iatl&od (Schlenzig 2005). Later the same
pathogen was recovered from single plants of libgory (Vaccinium vitis-idaed..) and salal
(Gaultheria shalorL.), both with leaf lesions and dieback symptofran another nursery in
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Scotland (Schlenzig 2005). The results by Schlerf2@05) and Testa et al. (2005), that
P. inflatawas found in surveys fé. ramorumwere in accordance with our experience. We also
isolatedP. inflatafrom the cultivars known to be infected withramorum(Lilja et al. 2007).

In pathogenicity trialsP. inflata was capable to infect most host plants used its tes
including strawberry, silver birch, common aldergyg alder Alnus incana(L.) Moench,
Norway spruceRiceaabiesL. Karst.) and lingonberry. Scots pine was resistaP. inflata
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