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INTRODUCTION

This book summarises the presentations at the Inaugural meeting IUFRO Unit 7.03.12

“Alien Invasive Species and International Trade” which was held in Poland, 3-7 July, 2006

in the Ecological Education and European Integration Centre of State Forests, in Jedlnia.

The meeting was attended by over 60 delegates from 18 countries representing both the

northern and southern hemispheres. One of the purposes of this new IUFRO Unit is to en-

courage cross-disciplinary exchange in relation to all types of Alien Invasive Species (AIS)

and, to this end, the programme included consideration of a wide range of biotic agents,

principally invertebrates and tree pathogens, that could be classified as AIS.

As presented in this book, the papers are organised into four main topics:

• Alien invasive species in Europe,

• World ecological impact,

• Detection and policy,

• Prevention measures and treatments.

There is a broad range of scientific topics presented and discussed ranging from the

damage caused by Phytophthora species, through analysis of pathways for international

movement of pests and pathogens, to the implications of scientific findings for policy and

regulatory frameworks.

The content of the book presents both scientific and regulatory papers, reflecting the

range of expertise of the delegates. This provides a forum for exploration of issues arising

from research and from experiences in managing the regulation of pathways to reduce or

prevent international movement of AIS. There are topics of universal interest and valuable

opinions in relation to pathways for international movement of AIS:

Wood packaging material and implementation of ISPM15*

This is very much a current topic and several papers address this issue. The main con-

cerns are whether residual bark on ISPM15 treated wood pose a threat through infestation

after treatment and, secondly, how reliable the ISPM15 mark is in indicating that treatment

had actually been carried out. There is an increasing body of research that provides evidence

for successful breeding by bark and wood boring beetles on wood with bark that has been

subjected to ISPM15 treatments, whether by heat treatment or methyl bromide fumigation.

Papers by Robert Haack (USA) and by Hugh Evans (UK) confirm this finding and, in addi-

tion, both authors consider the significance of the amount of residual bark in quantifying the

risks. The conclusions from their experimental studies and from survey work of packaging

wood in trade carried out by Robert Haack in the USA was that bark pieces approximately

greater than a credit card in size (i.e. approximately 45 cm2) had associated live insects that

could enable bark beetle species to complete their life cycles. Hugh Evans raises the ques-

tion of how many beetles emerging actually constitute a successful founder population. Dis-

cussion on different types of packaging wood, particularly the distinction between

*ISPM15 – International Standards on Phytosanitary Regulations No 15: Guidelines for regulating wood packag-

ing material in international trade



manufactured packaging such as pallets (discussed by Charles Ray (USA)) and dunnage,

concentrate on the amount of residual bark that could be present. It is clear that packaging

wood such as pallets are produced to industry standards that, irrespective of phytosanitary

regulations, require a high degree of freedom from bark. This inevitably leads to discussion

on how to define freedom from bark (i.e. debarked vs bark-free) and the need for more rigor-

ous definitions of bark freedom. Overall, it is felt that dunnage, usually produced from sal-

vage wood, represents the highest risk because it tends to have more associated bark and is

also more difficult to treat to ISPM15 standards.

The question of how reliable the ISPM15 mark is in providing assurance that the wood

has actually been successfully treated is raised by Shiroma Sathyapala (NZ) who points out

that there is a need for confidence in the system and that sharing of interception data, par-

ticularly for instances of non-compliance, will be a step forward. Eric Allen (Canada) points

out that NAPPO* shares lists of the top 10 countries with lowest compliance. It is agreed that

it will be valuable to categorise the pathways within the broader definition of packaging

wood and to consider the risks from treatment failure and/or presence of residual bark for

each pathway. Bill Aley (USA) and Jon Sweeney (Canada) suggest that further surveillance

of wood packaging, including pallets and other categories, with the ISPM15 mark will yield

the data necessary to categorise pathways and their associated risks.

Further discussion is needed for alternative treatment regimes within ISPM15, particu-

larly for countries where current methods are difficult to implement, because of the costs

and lack of proper infrastructure issues necessary in establishing compliance systems.

Clement Chilima (Malawi) indicates that expertise in capacity building will be valuable and

that public awareness of the issue is poor in developing countries. He also feels that aspects

such as natural resistance to pests for certain tree species could be used to categorise them

for ISPM15 compliance. Jacques Gagnon (Canada) feels that drawing together all available

information on current options, particularly categorised according to different types of

wood packaging will help to identify both risks and possible treatment options. Barbara Ill-

man (USA) suggests that industry tends to solve problems according to the need and that

training and demonstration of technologies will help to resolve technical issues.

Plants for planting as a pathway for movement of pests and pathogens

Plants for planting as a pathway for invasive organisms is a topic of concern being con-

sistently cited as high risk, particularly for invasive pathogens. It is acknowledged that phy-

tosanitary rules are already in place in relation to named organisms and that full compliance

with these rules should provide acceptable protection. However, it is also acknowledged

that (a) inspection-based regimes are unlikely to pick up all infringements especially with

large increases in trade, (b) that an organism-based process will tend to miss new and

emerging pest and pathogen problems and (c) that application of treatment methods to re-

move invasive organisms is more difficult for this pathway.

In general, delegates felt that analysis of the ‘plants for planting’ pathway to identify

‘keystone’ damaging organisms would enable construction of a database of biological char-

acteristics of AIS that are most likely to exploit this pathway for transportation to new loca-

*North American Plant Protection Organisation



tions. It is felt that such a biologically-based list will be of more value than the current

named organism approach and will enable analysis of species lists in exporting countries to

assess likelihood of association with live plants for export. During a wide-ranging discus-

sion, it was agreed to establish a sub-group, under the leadership of Kerry Britton (USA), to

analyse which nursery stock ‘pests’ (to include invertebrates and pathogens) have become

problems in forestry systems is the issue of a great importance and to provide a position pa-

per on this important issue. The NAPPO Plants for Planting standard (which is based on

clean stock programs) and IPPC are also moving towards this basis for the Plants for Plant-

ing pathway. Sharing information and experiences in early detection of pests and pathogens

on pathways, including plants for planting is of a crucial significance to reach the goal of re-

ducing the risks of movements of pests along this pathway.

Furthermore, live plants are the subject of consideration of risks of weediness in rela-

tion to the plants themselves becoming ‘pests’. Characteristics of weediness have already

been discussed broadly in the scientific literature. There is much to be learned from knowl-

edge of adaptation of local pest and pathogen species to exotic trees and shrubs as a further

element in the risk profile of plants for planting.

The papers indicate that ‘Plants for Planting’ is a pathway that requires greater atten-

tion and will be a core item for the Unit as it develops and prepares for future meetings.

The book provides a focus for forest ‘pests’ and their movement internationally, but it

is clear from papers by Alain Roques (France), Wojciech Solarz (Poland), Clement Chilima

(Malawi) and Stas Burgiel (USA) that there are many initiatives, nationally and internation-

ally, in this area. There is a clear need to maintain good communication and coordination

between the various initiatives and, at least for the forestry sector, Unit 7.03.12 could pro-

vide a ‘one-stop shop’ for linkage.

Dr. Hugh Evans and Dr. Tomasz Oszako
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PHYTOPHTHORA ROOT AND COLLAR ROT OF ALDERS

CAUSED BY THE INVASIVE PHYTOPHTHORA ALNI:

ACTUAL DISTRIBUTION, PATHWAYS, AND MODELED

POTENTIAL DISTRIBUTION IN BAVARIA

Thomas Jung1, Marla Downing2, Markus Blaschke3, Thomas Vernon2

1Independent Scientist and Consultant for Tree Diseases, Thomastrasse 75, D-83098 Brannenburg,

Germany, www.tree-diseases.com, competence@tree-diseases.com.
2Forest Health Technology Enterprise Team, Forest Health Protection, USDA Forest Service, Suite

331, 2150 Centre Avenue, Building A, Fort Collins, CO 80526-1891.
3Bavarian State Institute of Forestry (LWF), Section Forest Ecology and Forest Protection, Am

Hochanger 11, D-85354 Freising, Germany.

HISTORY AND SYMPTOMS OF PHYTOPHTHORA ROOT
AND COLLAR ROT OF ALDERS

In 1993 a previously unknown lethal root and collar rot disease of common alder

(Alnus glutinosa) was recorded in southern Britain. It occurred mainly along

riverbanks, but also in orchard shelterbelts and woodland plantations (Gibbs et al.
1999). In the following years the disease was also found on grey alder (A. incana) and

Italian alder (A. cordata), and in Germany, France, Ireland, Sweden, the Netherlands,

Belgium, Austria, Hungary, Lithuania, Poland, Slovenia and Italy (Hartmann 1995;

Gibbs et al. 1999, 2003; Jung & Blaschke 2003, 2004, 2006; Oszako 2005, Szabó et al.
2000; Streito et al. 2002; Brasier & Jung 2003). The causal organism was identified as a

swarm of interspecific hybrids between Phytophthora cambivora and an unknown

Phytophthora related to P. fragariae (Brasier et al. 1995, 1999), and recently described

as a new species, Phytophthora alni sp. nov., which comprises 3 subspecies (Brasier et
al. 2004).

Infected trees show abnormally small, sparse and often yellowish foliage, a

dieback of the crown, early and often excessive fructification with unusually small

cones, and tongue-shaped necroses of the inner bark and the cambium which extended

up to 3 m from the stem base with tarry or rusty spots on the surface of the bark (Jung &

Blaschke 2001; Figs. 1–4).

10

Figure 1. Grey alder (Alnus incana) growing

in a plantation on former agricultural land

with sparse, chlorotic and small-sized

foliage due to Phytophthora alni root and

collar rot
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Figure 2. Mature, riparian common alder (Alnus glutinosa) stand with high impact of P. alni root and

collar rot

Figure 3. Grey alder (A. incana) with collar rot caused by P. alni; typical tarry spots at the outer bark

and tongue-shaped orange-brown necrosis of the inner bark

Figure 4. Mature common alder (A. glutinosa) with collar rot by P. alni (tarry spots at the outer bark)

growing in a forest stand; introduction of the pathogen via infested nursery stock used for the estab-

lishment of the young alder plantation visible in the background

Fig.3 Fig.4



ACTUAL DISTRIBUTION OF P. ALNI IN RIPARIAN AND FOREST
ECOSYSTEMS IN BAVARIA, AND POTENTIAL PATHWAYS

In Bavaria, Southern Germany, a detailed survey of Phytophthora root and collar

rot of common and grey alder was performed in 2001 and 2002 by the Bavarian State

Forestry and the river authorities.

The disease was found in 1041 out of 3247 surveyed forest alder stands (32.1%)

(Fig. 5). The majority of the affected stands (80.9%) were less than 21 years old (Fig. 6).

Almost half of these young stands (46%) were growing on non-flooded sites and the

majority (92%) were planted, strongly suggesting the introduction of the pathogen with

infected nursery stock.

The riparian survey demonstrated that the disease is widespread along more than

50% of the river systems (Fig. 7). Along some rivers the disease incidence exceeds

50%.

A small-scale nursery survey demonstrated presence of P. alni in rootstocks of

alder plants from three out of four Bavarian nurseries which regularly bought alder

plants from intensive, large-scale commercial nurseries for resale. The rootstocks from

four nurseries that grew their own alder plants from seeds were not infested by P. alni

(Tab. 1; Jung & Blaschke 2003, 2004). At least two of the three infested nurseries used

irrigation water taken from rivers with diseased alder stands upstream from which P.

12 T. Jung, M. Downing, M. Blaschke, V. Thomas
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Figure 5. Distribution of forest stands of alder suffering from Phytophthora root and collar rot

in Bavaria



alni was recovered. Interestingly, the alder plants from the infested nursery beds looked

visibly healthy. However, 2 weeks after a second flooding period in the greenhouse

bark necroses developed in the root system and at the collar from which P. alni was

isolated. This demonstrates the infeasibility of current control protocols of nursery

stock. Moreover, six other Phytophthora species were also baited from the alder plants,

among them P. cactorum, P. cambivora, P. citricola and P. quercina, all involved in

current widespread declines of deciduous trees and forests across Europe (Jung 2006;

Jung et al. 1999, 2000, 2002, 2003, 2005; Brasier & Jung 2003, 2006; Hartmann et al.

Phytophthora root and collar rot of alders caused by the invasive Phytophthora alni: 13

Figure 7. Distribution of Phytophthora root and collar rot of alders along main rivers and streams in

Bavaria; small map showing the location of Bavaria within Germany
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2006; Jönsson et al. 2005; Balci und Halmschlager 2003; Vettraino et al. 2001, 2002).

In another study in Brandenburg Schumacher et al. (2005) recovered P. alni from alder

fields of 5 out of 9 nurseries. It has to be noted that P. alni may also be transported

passively with the trade of bare rooted nursery stock as it is able to adhere to the fine

roots of non-host tree species exposed to the pathogen.

An intensive quest for the source of inoculum in 60 infested river systems (Tab. 2)

demonstrated that the introduction of P. alni into a river system occurs primarily via the

14 T. Jung, M. Downing, M. Blaschke, V. Thomas

Table 1. Isolation results from nursery-grown plants in Bavaria

Nursery

no.

Alder

species a
Phytophthora speciesb

ALN ALN�CAM CAM MEG CAC CIT GON QUE CHLA

Nurseries buying in alder plants for resale

1 GLU Xc – – – – – – – –

2 GLU

INC

VIR

–

Xd

–

X

–

–

X

X

X

X

–

–

–

–

–

X

X

X

X

X

–

–

–

–

X

X

–

3 GLU – – – X – X X – X

4 GLU Xc – X – – – X – X

Nurseries growing alder plants from seeds

5 GLU – – – X X X – – –

6 GLU – – – – – – – X –

7 GLU – – X X X X – – –

8 GLU – – – – X X – – –
a GLU = Alnus glutinosa, INC = A. incana, VIR = A. viridis.
b ALN = P. alni, ALN x CAM = putative backcrosses between P. alni and P. cambivora (according to

ITS data), CAM = P. cambivora, MEG = P. megasperma, CAC = P. cactorum, CIT = P. citricola,

GON = P. gonapodyides, QUE = P. quercina, CHLA = ’P. taxon Pgchlamydo’, a yet undescribed

chlamydospore forming species close to P. gonapodyides (Brasier & Jung, 2003), X = isolated, – = not

isolated.
c P. alni ssp. alni.
d P. alni ssp. alni and P. alni ssp. uniformis

Table 2. Contingency table occurrence of P. alni infested plantation in catchment area /Phytophthora

root and collar rot of riparian alders

Number of rivers with

diseased alders

Number of rivers with

healthy alders

Total

Infested plantation in catchment

area present
58 0 58

Infested plantation in catchment

area absent
2 25 27

Total 60 25 85

Relative risk = 13.5; 95% - CI: 3.556 – 51.24; Fishers exact test: p <0.0001



planting of infested nursery stock on the river banks or on forest sites that drain into the

rivers (Jung & Blaschke, 2003, 2004). In two rivers, diseased natural alder stands were

only found downstream and on the banks of the raceways of commercial fish farms with

international trade. Most probably the introduction of P. alni occurred with basin water

from other fish farms whose raceways are fed by infested river water.

Once introduced to a river system, P. alni spreads downstream infecting the collar

or bare roots of riparian alders via lenticels and adventitious roots.

The wide distribution of the disease in Bavaria is due to the unintended use of

infested alder stock for the stabilisation of steep slopes and banks of whitewater rivers,

initial afforestations of former agricultural land, and in woodlands on wet sites (Jung &

Blaschke 2003, 2004).

For the first time in history it could be shown clearly that a devastating epidemic by

an invasive pathogen was caused by the spread of infested nursery stock.

As temporary control measures coppicing of infected alder trees and stools is

recommended along water courses (Gibbs 2003) but not in infested forest plantations

(Jung & Blaschke 2006). A code of good practice was developed for Bavarian forest

nurseries; major tasks were (i) the production of alder plants from seeds on fields that

were free from any tree growth for at least 3 years or in containers with steam sterilized

soil and (ii) the abandonment of river and surface water as irrigation water (Jung &

Blaschke 2004, 2006). Some survivors in highly infested common alder stands were

shown to be less susceptible to P. alni than declining trees, and on the longterm a

resistance screening program may help to sustain alders as major components of

riparian and swamp forests (Jung & Blaschke 2006).

MODELLING THE POTENTIAL DISTRIBUTION OF P. ALNI IN BAVARIA

Using a binary classification tree, GIS, field sample data, and coarse-resolution

auxiliary data, a model was developed for predicting the potential distribution of P. alni

(PDPA) in Bavaria. We only investigated forested lands in Bavaria due to budget

constraints.

A total of 307 P. alni infested and 127 non-infested alder tree locations were

identified in forested areas in Bavaria between the spring of 2003 and the winter of

2006. Among the 307 infested sample points, there were 232 points where alder trees

had been planted, and 75 points where alders were naturally occurring. Of the 127

healthy non-infested sample points, 38 were planted and 89 had natural alder growth.

The 434 sample locations served as the dependent variable dataset in the classification

tree analysis. Independent variables included twelve 93 meter datasets on physiography

and vegetative cover. These consisted of soil texture components (minimum, mean and

maximum percentage values for sand, silt and clay on polygons), aspect, slope, and

landform as well as a Normalized Difference Vegetation Index (NDVI) calculated from

the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite imagery at 250

meters.

The classification tree identified five independent variables important in

predicting the presence or absence of P. alni, ie. silt minimum values less than 20%

(range = 0 to 80%), sand mean values less than 5%, slope less than 2.97 degrees (range

Phytophthora root and collar rot of alders caused by the invasive Phytophthora alni: 15



= 0 to 30.74 degrees), aspects that were Southeast, South, Southwest, and West, and

landform (a measure of concavity and convexity) less than 6.6 (range = -15.20 to

+21.60; <0 = concave; 0 = totally flat; >0 = convex) (Fig. 8). Where these ecological

factors occur together in the environment, the likelihood of infection is increased.

These factors make biological sense. With decreasing silt and sand values the clay

content of the site is increasing. Clay rich sites and sites with fairly flat or concave

physical structure have poor drainage thus providing optimum conditions for P. alni to

produce sporangia and spread and infect via zoospores. Likewise, sites with warmer

aspects favour the growth of P. alni and thus the invasion of alder bark after infection.

A ten-fold cross validation, used to test the accuracy of the PDPA model, had an

error rate of 0.1751 (78.34% model accuracy). P. alni infested sample points were

predicted with 86% accuracy, and non-infested sample points with 63% accuracy. The

higher accuracy for predicting the P. alni infested sites compared with predictions for

16 T. Jung, M. Downing, M. Blaschke, V. Thomas

Figure 9. Location of 307 P. alni infested and 127 non-infested alder stands in Bavaria, and potential

distribution of P. alni according to the binary P. alni potential distribution model

Figure 8. Phytophthora alni classi-

fication tree for forested areas in

Bavaria



non-infested sites was most probably due to having three times more infested than non-

infested sample locations.

Of the 1.962 million hectares of forests in Bavaria, approximately 1.4015 million

hectares (71.43%) were modeled to have a high potential for P. alni root and collar rot,

0.5604 million hectares (28.56%) were modeled to have a high potential to remain

healthy (Fig. 9).
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INTRODUCTION

The aim of the work described here has been to determine the interrelationships

between host plants of Phytophthora ramorum, the place and time of the screening and

collection of samples of diseased plants for study on the one hand, and the frequency of

occurrence of this pathogen and other Phytophthora species in infected tissues on the

other. The colonization of the tissues of different species of plant by isolates of P.

ramorum was also assessed. In the below paper the interdependence between host

plants for P. ramorum, the place and time of screening and of the collection of samples

of sick plants for study, and the frequency of occurrence of the pathogen and other

phytophthora species in infected tissues in discussed.

MATHERIAL AND METHODS

The work commenced on March 15th, ending in mid-November 2006. The subjects

of interest were the following plants, as potential hosts of P. ramorum: rhododendron,

pieris, heathers and heaths, cowberry, mountain laurel and lilac (Table 1). Stands of

beech and red oak in 4 forests were also put under observation. The most frequent

subjects of analysis were different varieties of rhododendron, among them Blurettia,

Blutopia, Catawbiense Grandiflorum, Cunningham White, Erato, Excelsion,

Fantastica, Goldbukett, Hachmanns Charmant, Lachsgold, Mieszko, Nova Zembla,

Polarnacht, Pohjola’s Daughter, Pumuckl, Silberwolke, Slippy and Torero. The

analysed varieties of pieris were in turn Cupido, Heath G., Flamingo Silver, Forest

Flame, Mountain Faire and Variegata. There were 16 varieties of heather and heath, but

none of them yielded isolates of Phytophthora. These plants were observed, and
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sampled from, in 5 in 8 forests, in 8 allotments and at 22 garden centres (Table 1). The

screening of plants in these places was done once (in the forests and allotments), 2–5

times at the garden centres, and at least 15 times in the 4 nurseries. The fact that

screening was carried out so often at the nurseries was connected with the large

numbers of plants produced there, as well as a desire to uncover the most important

source of P. ramorum, i.e. nursery material.

The plants studied were mainly of the family Ericaceae, showing symptoms of

shoot-apical dieback, necrosis spreading from stems on to leaf-blades or patches on

leaves. An interest was also taken in leaf-blades that had fallen off plants, where the

aforementioned symptoms were present on them. Shoots displaying symptoms of

disease were cut several centimeters below the browning area, and placed in plastic

bags identified by place and date of sampling, variety name and where possible section

number. They were then transferred to the laboratory. Samples were generally analysed

the following day, having been maintained overnight at a temperature of around 5ºC.

Infected leaves were separated from stems with symptoms of tissue-browning, washed

carefully under running water, and then rinsed 3 times in distilled water. The material

prepared in this way was dried between two layers of sterile filter paper. The remainder

of the preparation procedure was as detailed in Orlikowski and Szkuta (2002). The

fraction of leaves that had fallen off plants was also placed into the soil extract, and

incubated for 48 hours at a temperatures in the range 20–22ºC, before fragments of

tissue were observed under a microscope for the presence of P. ramorum. Dishes with

fragments of infected leaf or stem tissue were reviewed during the 96 hours of their

incubation, any growing colonies of fungi or phycomycetes being transferred on slants

with PDA. The fungal cultures obtained were identified to genera and species levels

using relevant keys and monographs.

Isolates of Phytophthora were grouped on the basis of the appearance of colonies

and thalli under the microscope. Representative cultures were identified to species level

on the basis of morphological features, as well as by means of molecular methods.

Isolates for identification were preserved on slants and on Petri dishes in potato-glucose

agar (PDA), V8 agar and Organic Medium. The isolation of nucleic acid from pure

cultures made use of the method devised by Aljanabi and Martinez (1997), as modified

by substitution of the grinding of mycelium in a homogenizer or by using liquid

nitrogen, with normal crushing of mycelium with remains of medium.

Identification of species on the basis of the DNA isolated from pure cultures was

achieved using the RAPD: C85, C92 starters (Lee et al., 1996), as well as starters ISSR:

20 T. Oszako, L. B. Orlikowski, A. Trzewik, T. Orlikowska

Table 1. Compilation of data on afflicted plant material and the number of places from which it was

collected

Detail
Calluna

vulgaris

Pieris

japonica

Rhododen-

dron spp.

Kalmia

auqustifolia

Syringa

vulgaris

Vaccinium

vitis-idaea

No. of plants studied 58 73 143 11 45 28

No. of varieties studied 5 6 18 1 3 1

Number of places from

which plants werecol-

lected
12 15 43 6 1 5



808, 827, 889 and 890 (UBC series 800) and AL4 (Lisek, 2002). Band paterns of the

studied isolates were compared with those for 14 known species of Phytophthora

(reference isolates for P. alni, P. cactorum, P. cambivora, P. cinnamomi, P. citricola,

P. citrophthora, P. cryptogea, P. nicotianae var. nicotianae, P. palmivora and P.

ramorum). Reaction conditions (the thermal profile and composition of the reaction

mixture) had been selected empirically in 2002 (Wiejacha et al. 2002). The products of

PCR were separated on 1.4% agarose gels (Sigma-Aldrich) at a voltage of c. 4V per cm

of gel and with ethidium bromide staining.

The identification of P. cactorum, P. cambivora, P. citricola, P. cryptogea, P.

citrophthora and P. ramorum made use of starters based on differences in the

sequences of ITS (Internal Transcribed Spacer) regions of rDNA, or else – in the case of

P. alni – of starters whose design was based on SCAR (Sequence-Characterized

Amplification Regions) markers (Loos et al. 2005, Schubert et al. 1999, Ersek et al.

1994, Boersma et al. 2000.

RESULTS

Isolations of pathogens from infected plants related to the place

Infected shoot tissue yielded no fewer than around 20 genera and species of fungi

and Alga like Oomycetes (Table 2). Prevalent among them were Alternaria alternata,

Botrytis cinerea, Fusarium spp., Pestalotia and Phytophthora citricola (Table 2) The

greatest diversity of microorganisms was reported on rhododendrons and pieris, the

most limited on mountain laurel and lilac (Table 2). The isolations of microorganisms

from rhododendrons, pieris and heathers were always accompanied by Pestalotia

sydowiana and Botrytis cinerea. In order to identify the 529 isolates obtained, the PCR

reaction with non-specific starters (RAPD, ISSR) was run, with 14 reference isolates.

Comparison of DNA band profiles of the studied isolates with those from known

reference cultures allowed for the preliminary identification of 115 isolates of P.

citricola and 16 of P. citrophthora. The presence of these species was then confirmed

by way of PCR with starters specific to the aforementioned pathogens. Analysis of the

occurrence of Phytophthora species also showed that P. citricola and P. citrophthora

colonised rhododendrons in nurseries 2 and 4, as well as pieris at nursery no. 1. The

infected shoots of cowberry, collected from nursery no. 2 yielded P. citricola. The next

two nurseries (growing heathers) failed to provide any sign of the presence of

Phytophthora spp. Likewise, heather collected from the 8 forests did not give rise to any

Phytophthora isolates either. All that could be established for analysed diseased plants

at the garden centres and on the allotments was the sporadic presence of P. citricola

(Table 3).

Summer and autumn 2006 were not, however, favourable to the development of P.

ramorum, particularly where the forests (and to a great extent also the allotments and

garden centres) were concerned. The high air temperature in summer and only sporadic

rainfall drastically limited the growth of the species, as well as the formation of

zoosporangia and chlamydospores thereby. While it is true that the autumn

temperatures were lower, the ongoing lack of rainfall continued to obstruct
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Table 2. List of species of fungi and Alga like Oomycetes isolated from infected organs of plants

Calluna

vulgaris

(shoot apices)

Kalmia

auqustifolia

(stems, leaves)

Pieris japonica

(stems, leaves)

Rhododendron

spp.

(stems, leaves)

Vaccinium

vitis-idaea

(stems, leaves)

Syringa

vulgaris

(leaves)

Alternaria

alternate

Alternaria

alternata

Alternaria

alternata

Acremonium

sp.

Alternaria

alternata

Botrytis

cinerea

Botrytis

cinerea

Botrytis

cinerea

Botrytis

cinerea

Alternaria

alternata

Botrytis

cinerea

Cladosporium

sp.

Fusarium

avenaceum

Fusarium

avenaceum

Cladosporium

sp.

Botritis

cinerea
Mucor spp.

Fusarium

avenaceum

Fusarium poae Mucor spp.
Fusarium

avenaceum

Cladosporium

sp.

Phytophthora

citricola
Mucor spp.

Mucor spp.
Fusarium

culmorum

Fusarium

avenaceum

Phytophthora

citrophthora

Pestalotia

sydowiana
Mucor spp. F. culmorum

Rhizoctonia

solani

Pestalotia

sydowiana
F. equiseti

Trichoderma

spp.

Phytophthora

citricola
F. poae

Phytophthora

citrophthora

Gliocladium

roseum

Mucor spp.

Penicillium

spp.

Penicillium

spp.

Pestalotia sy-

dowiana

Phytophthora

citricola

Trichoderma

spp.

Table 3. Relationship between place of collection of diseased plants and the isolation of Phytophthora

spp.

Places from which sick plants

were taken

Isolated Phytophthora species

P. citricola P. citrophthora

Nursery no. 1 + +

Nursery no. 2 + +

Nursery no. 3 + –

Nursery no. 4 – –

Nursery no. 5 – –

Garden centres (22) + –

Allotments (8) + –

Forests (8) – –



development or the pathogen and the colonisation of host plants. In turn, in the

nurseries, the sprinkling of plants often afforded good humidity conditions for the

development of P. ramorum. However, the factor limiting growth and spore formation

markedly was the high air temperature.

It is clear from analysis of the frequency of occurrence of Phytophthora species in the

sampled plant material (Table 4) that the dominant species was P. citricola (c. 60%),

followed by P. citrophthora (c. 5%). P. ramorum had been reported in previous years on

pieris, rhododendron and heather (Orlikowski, Szkuta 2005, Orlikowski et al., 2006).

Colonisation of plant species by Phytophthora. ramorum

The colonisation by P. ramorum of the tissues of different plant species cultivated

in nurseries and/or growing naturally had already been studied. The pathogen in

question was found to be capable of causing disease in the majority of the rhododendron

varieties, as well as in heathers, heaths and viburnum (Orlikowski et al. 2006). The data

show how P. ramorum may spread from the said plants to other species growing at

nurseries or in forests. It was also possible to demonstrate small differences in the level

of pathogenicity of isolates from photinia, pieris, rhododendron and heather for these

species of plants (Orlikowski et al. 2006).

The studies described here assessed colonisation of the tissues for heather, pieris,

rhododendron, lilac, cowberry and viburnum by isolates of P. ramorum (Table 5)

obtained from these plants in 2005. The detailed plant species are known from the

literature as hosts of the pathogen. The research made use of the method from

Orlikowski and Szkuta (2002).
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Table 4. Frequency with which Phytophthora spp. were isolated from infected pieris and rhododen-

dron plants in 2006; number of plants from which species of this genus were isolated

Phytophthora species
Pieris japonica

Total of 73 plants

Rhododendron spp.

Total of 143 plants

P. citricola 17 90

P. citrophthora 21 –

Table 5. Colonisation of stems by Phytophthora ramorum 3 (a) and 5 (b) days after inoculation

Plant species

Source of isolates

Pieris japonica Rhododendron sp.

a b a b

Calluna vulgaris 10,6 c 18,8 b 11,5 c 20,8 d

Pieris japonica 7,5 b 16,0 b 10,0 bc 17,5 c

Rhododendron spp. 14,5 d 22,3 c 16,5 d 26,3 e

Sambucus nigra 5,5 a 8,8 a 6,5 a 10,3a

Vaccinium vitis-idaea 15,6 d 25,8 cd 18,8 e 28,5 e

Viburnum opulus Compactum 11,3 c 18,8 b 8,8 b 14,3 b

Note: Means in the columns denoted by the same letter do not differ significantly at the 5% level according

to the Duncan test.



The isolate from pieris colonised the stems of 6 species of plants, albeit with

necrosis developing most rapidly on the tissues of cowberry, most slowly on lilac

(Table 5). The isolate from rhododendron also colonised the tissues of the plants

studied, with necrosis developing fastest on cowberry and rhododendron (Table 5).

CONCLUSIONS

High air temperatures and a limited amount of rainfall left the 2006 growing

season an unfavourable one for the development of Phytophthora ramorum on

potential host plants at their natural sites, and also on allotments and in garden centres.

The infected shoots of pieris mainly yielded isolates of P. citrophthora, while

those of rhododendron supplied P. citricola. The latter species was often associated

with Alternaria alternata, Botrytis cinerea, Fusarium avenaceum and Pestalotia

sydowiana. It is possible that the rapid growth of these species on media ensured that

some of the colonies of P. ramorum originating from the inoculum became

overwhelmed.

P. citricola and P. citrophthora were mainly isolated from rhododendron and

pieris showing symptoms of stem-apical necrosis, as collected from 3 nurseries, as well

as in part from plants cultivated on allotments or being offered for sale at garden

centres. Phytophthora spp. were not reported from screened cowberry, heathers, beech

or red oaks in forests.

The negative results for the attempted isolations of P. ramorum from infected parts

of plants may reflect atmospheric conditions unfavourable for the development of the

pathogen, and perhaps to an even greater extent its systematic elimination from

nurseries.

Isolates of P. ramorum obtained in the previous year from infected apical shoots of

pieris and rhododendron colonised the tissues of 6 plant species, albeit with necrosis

developing fastest on cowberry and on rhododendron.
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Phytophthora hedraiandra de Cock & Man in’t Veld is a new species described

from isolates recovered from infected leaves of Viburnum tinus in the Netherlands.

It has since been reported in Italy causing stem canker and root rot on potted V. tinus,

and blights on leaves and stems of Rhododendron in the USA. Herein we report the

occurrence of P. hedraiandra on Viburnum tinus and Rhododendron catawbiense

in Spain.

During Phytophthora ramorum surveys carried out at garden centres in Majorca,

Spain in 2002, several potted plants of Viburnum tinus showing branch die-back were

inspected (Moralejo et al. 2006). The origin of the lesions was traced to basal stem

cankers ca. 10 cm above ground. The outer bark was aseptically removed and small

pieces of tissue from the lesion front were plated onto a PARP selective medium. Two

isolates, P3842 (= CBS 117808) and P3942 (= CBS 117809), were obtained and

initially identified morphologically as Phytophthora cactorum. However, DNA

sequencing identified these isolates as P. hedraiandra. The morphology of both isolates

was therefore re-examined and compared with P. cactorum isolate P1611 (= CBS

117810) (AY943299).

Colony (on carrot agar CA; Brasier 1967) was slightly stellate with appressed to

limited aerial mycelium (Fig. 1); on corn meal agar (CMA) the colony displayed a

radiate and submerged pattern; on malt extract agar (MEA) the pattern was uniform or

faintly stolonate and velvet; and on potato dextrose agar (PDA) it was uniform to

slightly petaloid with felted to appressed mycelium. Radial growth rates on CA and

CMA at 20°C were 8.5 mm d-1 and 5.5 mm d-1, respectively. No chlamydospores or

sporangia were formed on any media, but sporangia did appear when mycelial plugs on

CA were submerged in soil extract for 3 d at 20°C. Gametangia formed profusely,

within 4 days on CA even on the aerial mycelium. The morphology of sporangia and

gametangia of both isolates (Fig. 2) corresponded to the species description by de Cock

& Lévesque (2004). The isolates differed from P. cactorum mainly in the
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Figure 2. Morphology of P. hedraiandra (P3842) and P. cactorum (P1611). A) characteristic subglo-

bose, papillate sporangia of P. hedraiandra; B) P. cactorum sporangial shapes; C) long stalked dicli-

nous, paragynous antheridium of P. hedraiandra; and D) amphigynous antheridium of P. cactorum

Figure 1. Colony pattern of P. hedraiandra (P3842) on CA (A), CMA (B), MEA (C) and PDA (D)



predominance of subglobose sporangia, near absence of tangled hyphae below the

antheridia and larger oogonia and oospores.

Pathogenicity was determined by wound-inoculating the underside of detached

leaves and twigs of V. tinus (wound made ca. 10 cm below the apex) with mycelial

plugs. Controls were wound inoculated with sterile CA plugs. All leaves and twigs (Fig.

3) except the controls developed extensive necrotic lesions seven and 10 days after

inoculating respectively, from which the fungus was re-isolated. This was the first

finding of P. hedraiandra in Spain.

In June 2005, we observed a foliage lesion of a potted Rhododendron catawbiense.

The symptom was a rounded, pale-brown water-soaked lesion on the margin of a young

leaf. Isolation from the infected plant tissue was compared with an isolate used for

morphological identification which conformed to P. hedraiandra (Fig. 4). Identity of

this isolate was further confirmed by amplifying the mitochondrial Cox 1 gene and the
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Figure 3. Symptoms on V. tinus leaves seven days after wound-inoculating with P. hedraiandra

(P3842); and (right) symptom on a twig of V. tinus 10 days after wound-inoculating with P. hedraian-

dra (P3942)

Figure 4. Sporangium (left) and oogonium and antheridium (right) of P. hedraiandra isolated from

Rhododendron catawbiense



ITS region of the rDNA and subsequent sequencing, along with those of several new

isolates recovered from leaves and stem lesions of V. tinus in December 2005.

The current emergence of P. hedraiandra has parallels with the early stages of the

invasive alien species P. ramorum. It seems that this new pathogen is spreading

worldwide within nurseries following the trade routes of Viburnum and Rhododendron.

Its morphological similarities with P. cactorum could lead to an underestimation of its

prevalence in nurseries where it could be misidentified. Further research is being

carried out in order to determine its potential host range.
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INTRODUCTION

Intense cultivation of seedling in the forest nurseries degrades soil properties what

is reflected in the gradual decrease of seedling health and its volnurability to pathogens

attack (£ukaszewicz 2002). Crop rotation idea is derived from the principle that

seedlings have different nutrition requirements. Species rotation change not only

organic carbon content, but also lead to soil alkalization which favours development of

Phytophthora spp. Such phenomenon might be especially important if there is a risk of

introduction alien invasive species as P. ramorum (Orlikowski et al. 2006) or P.

karnoviae (found some years ago in UK and quite recently in New Zeland). Because of

quarantive rules and taking necessary precaution there is not possible to test influence

of crop rotation on P. ramorum development directly, therefore for the experiment

purpose another Phytophthora sp. had to be chosen. Taking into account the abundance

of P. citricola in Polish nurseries (occuerring on such forest tree species as beech, fir,

ash, oak and alder) this species seemed to be suitable and worth working with.

An application of the green fallow with different herbaceous species stimulate

both the growth of seedlings and their phisiological conditions (£ukaszewicz and Duda

2000). Especially buckwheat, charlock and field pea have a positive influence on their

size.There is hope that improvement of plant vitality may increase ressistance against

Phytophthora infections. In Polish condition the highest risk of P. ramorum infection is

for common beech, which species is considered to be volnurable to the attack of this

pathogen and at the same time it is an important forest tree species being component of

many forest stands.

The aim of the research carried out in the 2006 was to determine the influence of

beech (Fagus silvatica), mustard (Brasica juncea), buckwheat (Fagophyrum

esculentum), lupin (Lupinus luteum), sunflower (Helianthus annuus), vetch (Vicia
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sativa), rye (Secale cereale) and leaving fallow upon the dynamics of population

Phytophthora citricola in soil, as well as the impact on the health of beech and alder

(Alnus glutinosa) seedlings that remains of these plants exerted once ploughed in.

MATERIAL AND METHODS

Inoculum preparation

The selection of P. citricola for study reflected several years of work on the

occurrence of Phytophthora species in nurseries. The species has often been isolated in

nurseries, from beech, ash (Fraxinus excelsior), fir and alder. Work on the colonisation

of plant tissues has also shown it to colonise leaves and stem parts of beech and alder

very rapidly, albeit with the resultant necrosis developing much faster on alder (Table 1).

The influence of nursery– cultivated plants on population dynamics
of Phytophthora citricola

An experiment was founded on April 15th 2006, using 10-litre containers filled

with a mixture of peat (1/3) and podsolic soil from the field (2/3). This earth had been

infected with P. citricola, by applying the methodology given in Orlikowski (1999).

The inoculum had been prepared in 90mm-diameter Petri dishes containing of oat

medium (5 g of oat flakes + 18 ml of water). After 2 weeks, i.e. following the

overgrowing of the medium by P. citricola, the inoculum was pulverised in a mixer, a

small amount of distilled water having been added, before the pathogen suspension was

mixed into small quantities of soil. This inoculum was then mixed in a cement mixer

with the remainder of the soil. After 10 minutes of mixing, the earth was poured out into

open plastic sacks, these then being subject to 10 days of incubation at c. 20°C. Prior to

the filing of the containers, the soil was again subject to mixing in the cement-mixer.

Containers were set out in the field, on black matting. Each container was then sown

with seeds on May 4th 2006, the numbers ,varying in relation to the plant under study

from 10 (in the case of sunflower and beech) to 50 (mustard). The control, and at the

same time the ”fallow” containers comprised those not sown with seeds. The

experimental layout entailed a random block design with 4 replications each of 5

containers.
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Table 1. The colonisation of leaves (a) and stems (b) of alder by Phytophthora citricola, isolate from

beech

Plants

Days after inoculation

4 7

a b a b

Fagus silvatica 8.5 a 15.3 a 14.8 a 24.5 a

Alnus glutinisa 22.3 b 24.0 b 36.8 b 38.5 b

Note: means in the columns denoted by the same latter do not differ significantly (at the 5% level), accord-

ing to the Duncan test



The numbers of colony forming units (cfu) of P. citricola in the sown soil were

determined, in relation to the plants used, after 0, 14, 44 and 75 days of cultivation,

using selective medium based on gallic acid, as well as the methodology detailed in

Orlikowski (1999). Soil taken from each container was ”sown” on to 4 Petri dishes with

selective medium. The number of propagating units was calculated per gram air-dried

mass of soil. The experiment was carried out using a completely randomised block

design of 4 replications of 4 dishes each. The results were then processed statistically.

RESULTS

Fourteen days after the sowing of seeds, the abundance of P. citricola in soil was

found to be varied, albeit with the fewest cfu being noted in those combinations in

which the soil had been sown with the seeds of buckwheat, mustard, vetch and rye. By a

significant margin, the most pathogen was to be found in the soil sown with

germinating beech seeds (Table 2). The next 4 weeks brought an at least 11-fold

increase in the abundance of P. citricola, probably in association with the positive

influence on the pathogen’s development of shading of the soil, and perhaps also of the

plants. Significantly the fewest propagating units of the pathogen were noted in soil

following the cultivation of mustard, buckwheat and vetch. In turn, the most P. citricola

– by a significant margin – was noted in the soil sown with beech and rye, as well as that

without plants (Table 2).

After 75 days of the growth of plants in the different combinations, they were cut

and broken up into very small parts. Samples of soil were then taken for analysis as

regards P. citricola abundance, the remaining soil being mixed up with the plant

fragments. Over the next two weeks, the containers were maintained in the field, being

watered as necessary to ensure that drying-out of the soil did not take place.

Analysis of the abundance of propagating units in soil 75 days into the cultivation

of plants (Table 2) again revealed differences in the populations of the pathogenic

agent. Significantly the greatest numbers of units were present in the soil sown with

beech, sunflower and vetch, the least in the combinations with mustard and buckwheat,
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Table 2. The influence of rotation crops on changes in the size of the Phytophthora citricola popula-

tion (Founded: 2006.05.04); number of colony growing units/g of air dry soil

Plants
Days after sowing

14 44 75

”Fallow” 88 bc 948 d 680 ab

Fagus silvatica 125 d 973 d 920 cd

Brasica juncea 50 a 589 a 620 a

Fagophyrum esculentum 50 a 666 ab 640 a

Lupinus luteus 94 c 794 bc 840 cd

Helianthus annus 81 bc 769 bc 960 d

Vicia sativa 75 a-c 718 ab 900 cd

Secale cereale 63 ab 871 cd 800 bc

Note: see Table 1



as well as the “fallow” soil. In these two combinations, the abundance of P. citricola

was around a third lower than in soil in which beech, sunflower and vetch had been

grown.

The influence of rotation crops on the germination
and health of beech seedlings

This part of the research was in intimate linkage with the first concerning the

influence of rotation crops on the dynamics to populations of P. citricola. The next

stage of the research was proceeded with two weeks after the mixing of earth with

pulverised plant parts or without sowing (”fallow”). Taken from the different

combinations and pots was enough soil to fill 1-litre containers. These were placed out

in the field on black matting under a net, before each pot was sown with five germinated

beech seeds. The control comprised plants grown in non-infected soil, as well as in soil

left “fallow”. Determinations of numbers of seedlings whose stems had appeared above

ground were then made 28 days after sowing, before determinations of the numbers of

seedlings displaying symptoms of Phytophthora rot were made after 28 and 46 days.

The experiment was set out in a random block design with four replicates each featuring

5 germinated beech seeds.

To ensure whether the cause of the rot of stems from the apex down was P.

citricola or something else, 5 mm fragments of the ailing stems were placed on potato-

glucose (PDA). Over 24–96 hours of incubation, the dishes were looked at several

times to determine whether the fragments of tissues had produced hyphae of P.

citricola. The species was in fact found to be present in 92% of the tissue samples.

The data obtained show that 4 weeks following sowing was sufficient for between

none and 1/3 of seedlings to show symptoms of Phytophthorosa rot (Table 3). Once a

further 18 days had passed, there were no reports of ailing seedlings from the

combination in which infected soil had been sown with buckwheat. In contrast,

sporadic dieback of seedlings was being noted in the combinations with mustard and

sunflower. Around half the seedlings died in the combination involving infected soil

that had gone unsown (i.e. was “fallow”).

Analysis of the health of seedlings 75 days after sowing points to the data being

very disparate (Table 3). All the emerged seedlings in the control combination (i.e. that

in which beech was grown in non-infected soil) were healthy. The same (or at least a

lack of visible disease symptoms) was true for half of the seedlings grown in soil with

added buckwheat, as well as 2/5 of those growing up in the presence of lupin residues.

In contrast, less than 1/10 of the seedlings survived in the combination in which the

infected soil was not sown at all, as well as in that sown with beech seeds (Table 3).

The influence of rotation crops on the health
of alder seedlings

The experiment used earth first sown and then mixed with different cultivated

rotation crops, as in the studies concerning the health of beech seedlings. The

experiment was laid out in a randomised block design with 4 replicates involving 20
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seeds. The replicates took the form of four 1-litre containers, into each of which 5 seeds

were sown. The containers were set out on black matting in the field, under a canopy,

the numbers of emerging seedlings and their states of health being noted subsequently

over a period of 70 days (Table 4).

34 L. B. Orlikowski, T. Oszako

Table 4. The influence of rotation crops on the health of alder seedlings grown for 70 days (Founded:

2006.08.04)

Plant

No. of emergent seedlings

(n=20) after this no.

of days

No. of seedlings (n=20) without

symptoms of rot this no. of days

after sowing

15 30 45 70

Control no infection 0.8 ab 12.0 bc 14.5 e 14.5 e

”Fallow”(infected control) 3.3 b 7.5 a 5.8 a 2.3 ab

Fagus silvatica 3.3 b 9.5 ab 6.3 ab 1.5 a

Brasica juncea 1.0 ab 11.8 bc 9.3 cd 7.8 d

Fagophyrum esculentum 1.0 ab 13.0 c 10.5 d 8.5 d

Lupinus luteus 0.5 a 12.3 bc 7.8 a-c 5.0 c

Helianthus annus 0.3 a 13.3 c 8.3 bc 4.5 c

Vicia sativa 1.3 ab 11.0 bc 6.5 ab 4.3 c

Secale cereale 6.5 c 11.0 bc 7.5 a-c 3.8 bc

Note: see Table 1

Table 3. The influence of rotation crops on the germination and health of beech seedlings (Experiment

founded 2006.08.01)

Plants

No. of germi-

nated seedlings

(n=5) 28 days

after sowing

No. of dead seedlings

at different numbers

of days after sowing

No. of seedlings

not displaying

disease symptoms

70 days

after sowing

28 46

Control no infection 4.8 a 0 a 0 a 4.8 e

”Fallow” 4.5 a 1.5 c 2.3 de 0.3 a

Beech seedlings 4.0 a 1.3 bc 1.8 cd 0.3 a

Brasica juncea 4.0 a 0.3 a 0.5 ab 1.0 ab

Fagophyrum esculentum 3.5 a 0 a 0 a 2.5 d

Lupinus luteus 3.5 a 0.5 ab 1.3 bc 2.0 cd

Helianthus annus 3.8 a 0 a 0.5 ab 1.3 bc

Vicia sativa 4.3 a 0.8 a-c 1.0 bc 1.0 ab

Secale cereale 4.0 a 0.8 a-c 2.8 e 0.5 ab

Note: see Table 1



Observations made 15 days following the sowing of seeds revealed differences in

seed germination. Most seeds had germinated where the sowing had taken place in

contaminated soil mixed with parts of rye (Table 4). After 30 days, some 3/5 of seeds in

the non-infected control combinations had germinated, as well as in the soil to which

mustard, buckwheat, lupin, sunflower, vetch and rye residues had been added. The

smallest numbers of plants had been obtained following the sowing of seeds into

“fallow” soil (Table 4). Observations of the health of seedlings pointed to

interdependence between the time of observation and the number of healthy alders.

After 45 days, significantly the most healthy seedlings were to be noted in the non-

infected control combination, and significantly the fewest in the “fallow” soil (Table 4).

Around half of the seedlings were healthy where growth was in sown soil subsequently

mixed with buckwheat and mustard.

Ten weeks after sowing, ailing seedlings were not reported at all in the control

(non-infected) combination. Where P. citricola infection had been employed, the

highest survival rates among seedlings characterised the combinations with residues of

buckwheat and mustard, the lowest beech grown in the soil taken from the “fallow”

conditions (Table 4).

CONCLUSIONS

1. Analysis of the influence of rotation crops on population dynamics of

Phytophthora citricola in soil showed that the leaving fallow of soil, or else the

cultivation therein of mustard and buckwheat, resulted in the most marked “lowering”

of pathogen numbers in relation to those in the control. Data presented by £abanowska

(2006) make it clear that the tannins present in buckwheat, which probably pass out into

the surrounding soil, are poisonous to beetle grubs. It seems probable that they also

exert a negative impact on P. citricola. In turn, members of the Cruciferae, of which

mustard is one, give rise to increased numbers of fluorescent bacteria of the genus

Pseudomonas, which have a significant influence on the health of plants cultivated in

rotation with them (Smoliñska 2004). Likewise, the volatile compounds generated by

the decomposition of glucosinolates, as liberated by decomposing mustard, may be

toxic to fungi (Smoliñska 2004), probably including Phytophthora spp.

2. The presence of buckwheat and lupins in soil infested by P. citricola brought

about a significant obstruction of the development of beech seedling phytophthorosis.

In combinations with these plants, there was a survival rate of more than 2/5 of

seedlings. This compared with 1/5 or less in the remaining combinations.

3. Analysis of the influence of rotation crops on the health of alders pointed to

buckwheat and mustard being most effective in curtailing the development of seedling

Phytophthora rot. The combinations involving these plants allowed 2/5 of seedlings to

survive, cf. 1/5 or fewer with other crops.

4. The data obtained would seem to speak for most frequent use of buckwheat in

nursery rotation systems. This reflects, not only its impact in limiting the development

of P. citricola (and most likely also other Phytophthora species), but also the way it

disfavours the development of beetle grubs, which are among the more troublesome

pests of nursery seedlings.
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In recent years, several Polish alder stands were found to be declining and an

example of such stands is shown in figure 1. In a survey of Phytophthora associated

with alder decline in Polish alder forests, several isolates of a homothallic

Phytophthora sp., which could not be assigned to other taxa including P. alni

subspecies, were consistently recovered from rhizosphere soil samples (Belbahri et al.

2006). Their morphology and pathogenicity, as well as sequence data for three nuclear
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Figure 1. A dead alder forest in Ko³o district in Poland. This forest was planted 80 years ago and

started very quickly dying 15 years ago



regions (ITS rDNA, EF-1� and �-tub) and a coding mitochondrial DNA region

(nadh1), were examined.

The new Phytophthora species forms catenulate, often lateral, hyphal swellings

and large chlamydospores in agar media and in soil extract. Sporangia are ovoid to

ellipsoid and non-papillate (Fig. 2). Large oogonia with paragynous and sometimes

amphigynous antheridia were observed (Fig. 3). It is characterized by the moderate to

38 L. Belbahri, G. Calmin, T. Oszako, E. Moralejo, J. A. Garcia, E. Descals, F. Lefort

b

c d

e f

a Figure 2. Asexual structures of

Phytophthora polonica formed

on CA. (a and b) Hyphal swel-

lings (UASWS01 98). (c and

d) Thin-walled chlamydospores

on CMA (UASWS01 97). (e

and f) Ovoid to ellipsoid spo-

rangia (UASWS0197)

a b

c d

Figure 3. Gametangia of Phyto-

phthora polonica UASWS01

98: (a) amphigynous antheridia;

(b-d) spherical to subglobose

oogonia with paragynous an-

theridia
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Figure 4. Bayesian inferences (BI) were obtained from concatenation of �-tub, EF-1� and nadh1

sequences with MrBayes v.3.1.2, using General Time Reversible (GTR) model allowing transitions

and transversions to have potentially different rates. The program was run for 2 M generations, and

sampled every 100 generations, with four simultaneous chains. The trees, sampled before the chains

reached stationary, were discarded. Number at nodes show a posteriori probability



slow growth rate of its colony in carrot agar at 20°C, high optimal (ca. 30°C) and

maximum (ca. 38°C) growth temperatures.

This new species was named Phytophthora polonica Belbahri L, Moralejo E &

Lefort F. sp. nov.

The rDNA ITS sequences of eight P. polonica isolates had 100% identity and only

90% identity with their closest match P. insolita over an 824 bp sequence run. On the

basis of the ITS sequence, P. polonica falls within ‘clade 10’ of Cooke et al. (2000),

together with P. insolita and in clade 8 “sensu Kroon et al. (2004)” of Phytophthora

(Fig. 4). Phytophthora polonica was slightly pathogenic to alder twigs and not

pathogenic to trunks of several tree species. Above is presented a phylogenetic analysis

using Bayesian inference (BI) for P. polonica and related species.
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POSSIBILITIES OF PHYTOPHTHORA IDENTIFICATION

AS A GROUP OF NEW AND ECONOMICALLY

IMPORTANT PATHOGENS IN FORESTRY

Oleg Baranov1, Tomasz Oszako2

1 Instytut Lasu Bialoruskiej Akademii Nauk, Homel
2 Forest Research Institute, Department of Forest Phytopathology, Sêkocin,

05-090 Raszyn, Poland; e-mail: T.Oszako.ibles.waw.pl

Phytophthora species are responsible for economically important diseases in a

wide range of both agricultural and ornamental crops and forest species (Erwin, Ribeiro

1996). However, diagnosis and detection are obstructed by the fact that Phytophthora

infection is frequently associated with stem-bases and roots. In addition, more than one

species may be involved in a disease complex in some cases. Species identification in

Phytophthora has traditionally been based upon microscopic examination of

morphological characters and growth characteristics of the pathogen on specific media

(Newhook et al. 1976). However, this type of (morphologically- and physiologically-

based) identification of a pathogen is time-consuming and labour-intensive, and it

requires specialised staff if it is to be performed correctly (Stamps et al. 1990).

Furthermore, the obtainment of pure cultures from such substrates is challenging as

Phytophthora species tend to be slow-growing on agar.

Notwithstanding such difficulties with identification (Shaw 1988), it has proved

possible to distinguish more than 50 species formally, primarily on the basis of

morphology. Once again, however, as variations in morphological characters of both

the sexual and asexual stages of this group of pathogens exist, accurate identification by

traditional methods poses problems (Waterhouse 1963).

Yet accurate and rapid identification of Phytophthora species in plant material is

important for several reasons. First, many host plants are capable of becoming infected

by multiple species of Phytophthora, with both the relative severity of the disease and

the identity of the plant part infected varying from one pathogen species to another. Pre-

plant identification may be important for quarantine purposes, and if the spread of

pathogens in plant material is to be restricted. In addition, accurate diagnosis is

obviously relevant to disease management and control (Phytophthora Threat

Management, 2002).
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Equally, a misidentification is to the detriment of both practical control and clear

scientific communication. New species may have been wrongly assigned to current

taxa, whilemorphological variants of existing taxa have doubtless been assessed

incorrectly as new disease threats. Such problems, along with cases in which isolates

are identified simply as “unknown Phytophthora sp.” can delay appreciation that a new

threat has arisen, resulting in a failure to offer suitable advice to growers (Guarro et al.

1999). By the same token, accurate identification is crucial to wider issues of plant

health legislation and quarantine.

With a view to the efficiency and accuracy of the diagnostic methods used to

distinguish different Phytophthora species being improved, work has been done to

develop the dip-stick, agglutination, ELISA enzyme linked immunosorbent and IF

assaying methods (Benson 1991). Where Phytophthora species are concerned, the most

sensitive assay has proved to be the zoospore trapping immunoassay (ZTI). The dip-

stick assay is only of use for in vitro testing, though dipsticks provided

epidemiologically-valuable quantitative data on pathogen propagule numbers (Pettitt et

al. 2002). Electrophoresis of the soluble proteins from mycelia is shown to be a useful

aid in the identification and classification of various Phytophthora species (Bielenin et

al. 1988; Kaosiri, Zentmyer 1986; Hansen, Brasier, Shaw, Hamm 1983; Erselius, de

Vallavieille 1984). It has been proposed that several characteristics including protein

profiles could supplement the strictly morphological characters being used as

determinants in the identification and classification of Phytophthora species. The

validity of protein banding patterns as a major determinant in the distinguishing of

species and subgroups within a species has been highlighted by various workers

(Bielenin et al. 1988; Kaosiri, Zentmyer 1986; Hansen et al.1983; Erselius, de

Vallavieille 1984). Electrophoretic protein banding alone proved sufficient to allow the

new species P. pseudotsugae to be described (Hamm, Hansen 1983).

Furthermore, in support of the electrophoretic techniques as a functional

taxonomic criterion, protein profiles were employed as a major criterion in the

discernment of P. megasperma subgroups (Hansen et al.1983). Electrophoretic protein

profiles were found to be distinct for each species of Phytophthora, regardless of

isolation date, geographical locality, age of the mycelium and growth medium

employed (Bielenin et al. 1988; Kaosiri, Zentmyer 1986; Hansen, Brasier, Shaw,

Hamm 1983; Erselius, de Vallavieille 1984; Hamm, Hansen 1983). Electrophoresis of

native proteins was also shown to be useful in the separating and grouping of isolates

from six species of Phytophthora encountered on deciduous fruit crops – which could

also be distinguished by reference to cultural and morphological characters and

cardinal temperature (Bielenin et al. 1988).

Isozyme analysis is also of value in studying the genetic variation that exists

between and within fungal species. The expression of alleles coding for isozymes is

generally not strongly dependent on the environment, nor is selection at such loci likely

to be as intense and population-specific as that which occurs at loci for specific

virulence. Isozyme analysis could also provide valuable genetic markers for use in

future studies on Phytophthora, the lack of which has plagued geneticists specializing

in the genus for many years now. Isozyme markers would be useful in allowing many

individuals to be assayed on a single gel, since heterozygotes may be distinguished

42 O. Baranov, T. Oszako



from homozygotes, and since isozyme banding patterns are not generally affected to

any great extent by environmental factors. The assessment of genetic distances between

isolates within species has assisted in Phytophthora systematics and studies regarding

diversity (Oudemans and Coffey 1991a; Oudemans and Coffey 1991b).

Important technical advances have stimulated the use of molecular techniques of

DNA analysis. First, the advent of DNA-markers has allowed for analysis of small

numbers of cells or even single zoospores. Second, the selection of universal probes or

primers specific to Phytophthora has provided easy access to nucleotide sequences.

Recently assuming a dominant role among these techniques are diagnostics based

around the polymerase chain reaction (PCR). Tests have even been developed for some

species of Phytophthora (Lee et al. 1993; Stammler, Seemuller 1993; White et al.

1990; Forster et al. 1995).

The recent development of genetic markers based on the PCR, such as random

amplified polymorphic DNA (RAPD), has provided an unlimited number of markers

for use in genetic studies. The DNA polymorphism in these markers arises from

differences in sequences reflecting nucleotide-pair substitutions, deletions, inversions

and translocations (Waugh and Powell 1992). While the same authors advocated the

use of RAPD-derived fragments in the identification of Phytophthora species, the

presence of such disadvantages to the method as dominant inheritance, a lack of prior

knowledge on the identity of the amplification products and limited reproducibility

have prevented wider adoption of the method. Another DNA fingerprinting technique

— AFLP – might also prove useful where fine levels of genetic analysis in

Phytophthora species are required (Ivors et al. 2004).

The amplified product can be cloned, sequenced and used to design specific longer

primers, in order that a sequence characterized amplified region (SCAR) marker may

be generated for use in identification of Phytophthora species (Martin et al. 2004).

However, for many Phytophthora species, a lack of specificity to the primers proposed

in literature is also reported. These primers can in fact give rise to cross-reactions with

other species of Phytophthora and even with other very similar organisms, such as

those of the Pythium or Peronospora groups (Tooley et al. 1997, Lacourt and Duncan

1997; Lindqvist et al. 1998; Loucourt et al. 1997, Schubert et al. 1999).

Single-strand-conformation polymorphism (SSCP) of ribosomal DNA in 29

species of Phytophthora was characterized in (Kong et al. 2004).

Molecular procedures for the PCR-RFLP based identification and detection of

Phytophthora species have been developed and are in use in various laboratories in the

US and Europe. Proposed methods include classical PCR based on the internal

transcribed spacer (ITS) regions of ribosomal DNA (Hayden et al. 2004) and

mitochondrial gene regions (Martin and Tooley 2004; Martin et al. 2004).

In conventional multiplex PCR, discrimination of amplified fragments relies on

obtaining products of different sizes that can be distinguished by gel electrophoresis.

However, different-sized products amplify with different efficiencies. By contrast,

real-time specific detection methods allow for differentiation using fluorescent dyes,

thereby allowing amplicons of the same length to be used. Real-time PCR chemistries

utilized to detect and study phytopathogenic micro-organisms can be grouped into

methods that are amplicon sequence-non-specific (SYBR Green) or sequence-specific
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(TaqMan, Molecular Beacons, Scorpion PCR, etc.) (Mackay et al. 2002). SYBR green

is a non-specific dye that fluoresces when intercalated into double-stranded DNA,

whereas amplicon sequence-specific methods are based on the labelling of primers or

probes with fluorogenic molecules that allow for detection of a specific amplified target

fragment (Thelwell et al. 2000). In both approaches, amplicons can be measured at an

early stage of the reaction, when the rate of amplification is still in its linear phase,

allowing for the quantification of the initial amount of target DNA (quantitative

analyses). In plant pathology, there are only a few examples of multiplex PCR

applications, and usually not more than two different targets are detected

simultaneously (Hughes et al. 2006; Ippolito et al. 2004; Winton et al. 2002; Tooley et

al. 2006). This is partially due to the difficulties related to the development of a

multiplex quantitative PCR assay, and to the frequent reduction in sensitivity achieved

in multiplex PCR compared with separate reactions. Real-time PCR based on specific

methods combines the sensitivity of PCR with the specificity of nucleic acid

hybridization, making Southern blots or sequencing to confirm the identity of the

amplicons unnecessary. These recent techniques therefore eliminate the need for post-

amplification processing steps, are faster and more easily automated and avoid the use

of toxic ethidium bromide. Other significant advantages of real-time PCR are the

reduced potential for cross-contamination of specimens and the higher sensitivity of the

reactions (Mumford et al. 2000).

Successful primer design for detection of a pathogen requires that the target region

be unique to the organism of interest and conserved across its populations. The internal

transcribed spacer (ITS) region has been shown to be largely conserved within

Phytophthora spp. but differs across species. Because the ITS sequence occurs in

multiple copies in the genome, the target concentration is effectively increased, thereby

increasing its value for diagnostic primers.

This lack of specificity was ascribed to the method employed to construct the PCR

primers that are routinely derived from ITS regions of ribosomal RNA genes (Schubert

et al. 1999). The ITS sequences in Phytophthora species may not be the best source for

the development of species-specific PCR primers, because interspecific differences in

this part of the sequence are too small (Cooke et al. 2000; Cooke and Duncan 1997).

The best molecular tool used in phylogenetic and species determination studies of

Oomycetes is direct sequence analysis, which has included the investigation of large

and small subunit ribosomal RNA genes (Van de Peer et al. 1996; Förster et al. 1990),

mitochondrial DNA (Förster et al. 2000; Crawford et al. 1996) and internal transcribed

spacer (ITS) regions of the rRNAgenes (Cooke and Duncan 1997; Förster et al. 2000;

Crawford et al. 1996)

Recently, Cooke et al. (2000) reported an ITS-based molecular phylogeny that

included 50 Phytophthora species and is thus the most comprehensive to date.
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We present here the morphology and molecular taxonomy based on the ITS region

of the rDNA of three new species of Pythium: Pythium quercum, Pythium sterilum and

Pythium spiculum, associated with forest decline.

Pythium sterilum Belbahri L & Lefort F. sp. nov. (Fig. 1 and Fig. 2)

In a survey of Phytophthora species associated with forest decline in Spain, Poland

and France, we found three Pythium isolates, which have been characterized with

internal transcribed spacer rRNA gene sequences and with classical morphological

descriptors for Pythium spp. These isolates showed unique internal transcribed spacer

sequences, different enough from those of any described species to justify new species

status. These three distinct isolates failed to produce any sex organs with an entirely

asexual reproduction and were found to represent a new species for which the name

Pythium sterilum is proposed (Belbahri et al. 2005, 2006).

Pythium quercum Belbahri L. & Lefort F. sp. Nov (Fig. 3)

In a survey of the genus Pythium associated with forest decline in Spain, Poland,

France and South Africa we found ten isolates of Pythium, which are very close to each

other in morphological details and have a 99–100% similarity in the ITS sequence of

the rDNA. The ITS region of these isolates is unique and different enough from those of
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Figure 3. Pythium quercum; A–D: Sporangia germinating through germ tubes; E–H: Antheridia sur-

rounding oogonia

Figure 2: Formation and dehiscence of the

sporangial vesicle in Pythium sterilum

Figure 1. Pythium sterilum: (A) Termi-

nal sporangia; (B) sporangia with an api-

cal papilla; (C) intercalary sporangia and

(D) terminal pyriform sporangia.



any described species to justify the creation of a new taxon. The ten isolates, coming

from 4 different geographic locations, reproduce asexually through sporangia. Sexual

organs are rarely formed and when formed, the oospores do not mature.

Pythium spiculum (Fig. 4 and Fig. 5)

Pythium spiculum was isolated from soil samples taken in different locations in

France, Portugal and Spain (Paul et al. 2006). It has spiny oogonia and does not

sporulate readily. It resembles P. mamillatum Meurs, but has its own distinguishing

characteristics. It also exhibits sickle-shaped as well as spherical appressoria which at

times are associated with sex organs like those found in P. abappressorium Paulitz and

P. contiguanum Paul. Morphological description and DNA sequencing of the ITS

region of its nuclear rDNA indicated a new species status for this organism, which

looks to be related to Pythium species forming ornamented or spiny oogonia like P.

mamillatum, P. spinosum and P. irregulare but also with those producing

smoothwalled oogonia like P. paroecandrum, P. sylvaticum and P. cylindrosporum

(Fig. 6).
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Figure 4. Asexual and sexual repro-

ductive bodies of Pythium spiculum:

(A) peanut-shaped intercalary hyphal

bodies; (B, D) intercalary elongated

hyphal bodies; (C) spherical hyphal

body

Figure 5. Spherical and intercalary or-

namented oogonia (A, B); elongated to

peanut-shaped oogonia with dumbbell

-shaped oospores and monoclinous

stalked antheridia (C, D)
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Figure 6. Unrooted circle showing Bayesian Inferences (BI) obtained from internal transcribed spacer

sequences processed with MrBayes v.3.1.2. Number at nodes show posterior probability.

In red is shown the phylogenetic position of the Pythium clade K including Pythium quercum and Pythium

sterilum. In yellow is given the phylogenetic position of the Pythium clade F including Pythium spiculum
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INTRODUCTION

Discula destructiva causes anthracnose and shoot dieback on dogwoods. It was

first reported in 1978 in the states of New York and Connecticut (USA) on Cornus

florida. Similar symptoms had also been observed on C. nuttallii on the west coast in

1976. The disease spread rapidly and caused serious damage to the forest ecosystem.

First reports in Europe date back to 1995 when the disease was observed in the United

Kingdom on C. florida imported from the USA (EPPO 2006). In 2002 first symptoms

appeared in Germany (Stinzing and Lang 2003). In 2003 the fungus was observed on C.

florida and C. nuttallii in a nursery in Lombardia, Italy (Tantardini et al. 2004). In

Switzerland, the disease was detected for the first time in May 2006 on a C. florida

planted as ornamental in a cemetery of Zurich. Therefore, we searched for presence of

the disease on C. florida in other parks and for symptoms on native Cornus spp. in

Switzerland and performed some preliminary inoculation experiments on C. sanguinea

and C. mas.

METHODS

Seven major parks and cemeteries in or close to Zurich (ETH Hönggerberg,

Kantonsspital park, cemeteries Hönggerberg, Nordheim, Enzenbühl, Sihlfeld and the

Botanical Garden of the University of Zurich; distances approx. 1–14 km), and the

arboretum Aubonne in western Switzerland (in a distance of approx. 140 km from

Zurich) were visited during May to August 2006. Additionally, native C. sanguinea

specimens at the edge of the forests Käferberg and Hönggerberg (close to the

cemeteries Nordheim and Höngg) were repeatedly surveyed during the 2006 vegetation

period. Symptomatic leaves and twigs from Cornus spp. were collected, incubated in

moist chambers, and studied under the microscope. Isolations were made from conidia

on MEA (20 g/L malt extract, 15 g/L agar, 50 mg/L terramycine), subcultures were

incubated on MEA in diffuse daylight at room temperature. Pairings were made by
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placing inocula 1-3 cm distant from each other, and the reaction was evaluated after 4-5

weeks.

DNA was extracted according to Grünig et al. (2002). ITS regions were amplified

with primers prITS4 and prITS5 (White et al. 1990) in a 30 mL reaction volume with

ca. 1 ng template DNA. Single bands were gel purified with the QIAquik® gel

extraction kit (QIAGEN, Basel, Switzerland), and sequences were determined with

primer prITS4 at Microsynth (Balgach, Switzerland).

For the inoculation experiments, growing shoots (apical portion, approx. 10 cm

long, without basal leaves) and detached fully developed leaves of C. sanguinea from

different plants were used. Additionally, a few shoots of other potential host species

were inoculated. The shoots were wounded 4–5 cm below the apex by removing

approx. 2 mm2 of the superficial bark tissues by a tangential cut with a scalpel. Small

pieces of MEA (ca.1,5×1,5×1,5 mm) colonized by a sporulating colony of D.

destructiva (strain 060516.2 from C. florida, Zürich) were used as inocula. After

placing the inocula (upside down) on the host surface, a drop of sterile water was added

to avoid desiccation. The samples were incubated in moist chambers at room

temperature (approx. 22oC). Symptoms were noted and the infection was considered

successful when sporulation of D. destructiva on necrotic lesions was detected.

RESULTS AND DISCUSSION

Discula destructiva was found in all locations where C. florida was present (seven

of eight study sites, the only negative result was from the cemetery Enzenbühl were no

C. florida was present) (Fig. 1, 2A). The morphology of our collections agrees very well

with the descriptions of Redlin (1991) and Stinzing and Lang (2003). However, in our

material the conidiophores were longer (up to 45 μm) and more intensely branched than

shown by Redlin (1991). The ITS sequences of isolate 060516.2 (GenBank accession

number EF088688) were identical with those of several strains of D. destructiva

isolated from dogwood anthracnose in the USA (Zhang and Blackwell 2002).

Strains from different locations showed differences in cultural morphology

(mycelial density, pigmentation, sporulation). No crystals [as described by Stinzing and

Lang (2003)] were observed in our cultures. Conidia were formed in dark, more or less

globular pycnidia-like structures (up to approx. 600 μm diameter) having 50–150 μm

thick, partially indistinct walls composed of light brown textura intricata (hyphal diam.

2–5 μm), interspersed with single or locally aggregated blackish hyphae or hyphal cells.

The host plants were well established and had been growing at the sites for several

years. The infected specimens showed leaf anthracnose and lower branch dieback as

described by Stinzing and Lang (2003). The lesions started frequently on leaves on

which fallen bracts became attached and created a moist environment. No infections

were observed on the bracts themselves. Only one infected dead specimen of C. florida

was observed, on the others symptoms remained largely restricted to lower branches.

The relatively slow symptom development was probably caused by the warm and

unusually dry weather in July 2006 (Schlegel and Albisser 2006), which also stopped a

developing epidemic of Apiognomonia veneta on plane trees (Holdenrieder,
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unpublished). Moreover, most planted C. florida are in full light and therefore less

predisposed to development of dogwood anthracnose [see Stinzing and Lang (2003)].

In the botanical garden, C. nuttallii and the hybrid C. nuttallii x florida were also

affected. The rather frequently planted Japanese C. kousa exhibited anthracnose only in

one case where it grew adjacent to a severely affected C. florida.

The pathogen sporulated abundantly in May on leaves from the previous year,

which were still attached, as well as on dead twigs. Therefore, the disease must have

been present already at least since 2005. In the arboretum Aubonne, dieback of C.

florida has been observed for many years (S. Meier, pers. communication). D.
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A B

Fig. 1. Twig (A) and leaf (B) of

Cornus florida covered with

acervuli of Discula destructiva.

The twig was incubated in a

moist chamber and conidial cir-

rhi are extruded. The pictures

depict dogwood anthracnose on

tissues originating from the C.

florida shrub on which the dis-

ease had been diagnosed for the

first time in Switzerland (collec-

tion 060516.2 from cemetery

Nordheim, Zurich)

BA

Fig. 2. Leaf symptom of D. de-

structiva infection on Cornus

florida (A), and apical lesion

formed after wound inoculation

of a shoot of C. sanguinea (ar-

row: inoculum) (B)

�



destructiva can be transmitted by insects (Hed 1999) and probably also birds (Britton

1993). However, C. florida occurs in Switzerland at extremely low densities. Only

single or very few specimens can be found in a given location and we believe that

distribution by nursery stock seems more probable in this case. This view is supported

by the results of our – very limited – vc-tests: Isolates from three different host trees

within the cemetery – „Sihlfeld“ – were fully compatible whereas two pairings between

strains from different locations showed demarcations. Genotypic diversity has also

been observed in North America suggesting that multiple introductions may have

occurred (Zhang and Blackwell 2002).

Genetically, D. destructiva forms a separate clade and seems to be an exotic

species for North America as well as for Europe, sharing a recent ancestor with D.

umbrinella (Caetano-Anolles et al. 2001). A teleomorph has never been observed, but

might be located among Gnomoniaceae (Castlebury et al. 2002). From C. sanguinea in

Switzerland, an Apiognomonia rigniacensis has been reported (Monod 1983), which

should be included in further studies.

Host jumps after introduction of alien pathogens are a major threat for native plants

(Slippers et al. 2005). Therefore, Cornus spp. in the vicinity of these locations were sur-

veyed for the occurrence of the disease. Occasional shoot and branch dieback at very

low severity was common on native C. sanguinea. In two instances, a girdling canker

was observed on older stems. However, presence of D. destructiva could not be con-

firmed. Various other fungi sporulated on the dead branches (Diplodia mamillana,

Didymella corni, Seimatosporium sp., Cytospora sp., Pseudomassaria corni,

Leioysphaerella vexata, Leptosphaeria sp. and two unidentified coelomycetes). The

bark cankers on older stems were colonized by Cryptosporiopsis sp. (GenBank acces-

sion number of the ITS sequences of strain 060514.1: EF088689) and Didymella corni.

On a single specimen of C. sericea, which is widely planted and naturalized in Switzer-

land, pronounced shoot dieback was observed. The putative causal agent is a Disculina-

like, probably undescribed coelomycete. Cornus sericea deserves particular attention,

because it is rather suceptible to D. destructiva (Brown et al.1996). The only native

Cornus species in Switzerland are C. sanguinea and C. mas; particularly C. sanguinea

is very common and widespread. Exstirpation of this ecosystem component would have

a major impact on biological diversity (Holzmueller et al. 2006).

Detached young wounded shoots and not fully developed leaves at the shoot apex

of C. sanguinea were successfully inoculated with D. destructiva and the infections
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Table 1. Results of inoculation experiments on Cornus sanguinea with D. destructiva

Experiment Organ Start End n infected

1 shoot, wounded 3.6.06 23.6.06 5 3

2 shoot apex, not wounded 14.6.06 23.6.06 14 8

3a adaxial leaf side, not wounded 14.6.06 12.7.06 8 0

3b abaxial leaf side, not wounded 14.6.06 12.7.06 8 0



were associated with extensive necrotic lesions. Fully developed leaves were resistant

(Table 1, Fig. 2B).

Additionally, on shoots of C. mas (n=4, from one individual) and C. sanguinea

(n=6, from one individual), the cutting wound (cross section, approx. 10 cm distance

from apex) was inoculated. The inoculation was successful on all shoots of C. mas and

the fungus sporulated abundantly on this host, whereas in C. sanguinea only one shoot

became infected (lesion length after 9 days: 27 mm). Two other shoots of C. sanguinea

developed extensive stem lesions which were associated with Pestalotiopsis sp., three

remained green (but Botrytis cinerea attacked the leaves). In addition, growing shoots

of Acer pseudoplatanus, Fagus sylvatica and Rubus fruticosus aggr. (two of each

species) were wound inoculated approx. 5 cm below the tip. Over the first two weeks,

D. destructiva colonized only the wound surface of Rubus and no lesions were observed

throught to the end of the experiment after 28 days.

In the field, D. destructiva was found only on C. florida and C. kousa. However,

under very artificial conditions favouring the fungus, inoculation of C. sanguinea and

C. mas was possible. From field observations in North America (Brown et al. 1996), C.

mas is regarded as resistant; for C. sanguinea, no other data are available. Therefore,

despite the apparent resistance of these species under field conditions, there may be

some risk of a host jump. Therefore, careful monitoring and additional inoculation

experiments are needed. Monitoring the health status of native Cornus spp. is costly,

because these species are very common, sometimes difficult to identify and the

occurrence of various other fungi complicates diagnosis. Also other Cornaceae (e.g.

Aucuba japonica, Davidia involucrata) should be considered as potential hosts for D.

destructiva.
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INTRODUCTION

Pine forests have been damaged heavily by pine wilt disease in eastern Asia. The

cause of the disease is pine wood nematode Bursaphelenchus xylophilus (Steiner et

Buhrer) Nickle (Kiyohara and Tokushige 1971), which is known to be an invasive

species from North America (Harmey and Harmey 1993, Tarès et al. 1993). The

nematode is primarily vectored by a cerambycid beetle Monochamus alternatus Hope

(Mamiya and Enda 1972, Morimoto and Iwasaki 1972). The beetle feeds on pine shoots

in June and July and the nematode infests pine tree (e.g. Togashi 1988). The nematode

causes cavitation in pine stem, and the infested pine trees wilt and die in July and

August. The nematode is pathogenic not only to Asian pine species but also to

European pine species (Bedker et al. 1987, Riga et al. 1991). Unfortunately, the

nematode was detected in Portugal in 1999 (Mota et al. 1999).

In Japan, two pine species, Pinus densiflora Sieb. et Zucc. and Pinus thunbergii

Parl. are highly susceptible to pine wilt disease. The damaged wood volume reached

2.43 million m3/year at its peak in 1979, and Mamiya (1983) reported that 650,000 ha of

pine forests, amounting to 25% of total pine forests in Japan, was damaged. Even now,

the damaged volume reaches around 0.70 million m3/year. Thus, the damage is so heavy

and sudden to influence pine forest ecosystems, e.g. the diversity of other organisms.

Ectomycorrhizal fungi are a fungal group, which are symbiotic to tree species. Via

ectomycorrhiza, which the fungi form with tree roots, soil minerals and water are

transported to host tree, and inversely, the host tree gives carbohydrate to the fungi.

Thus, ectomycorrhizal fungi, which are symbiotic to pine species, need to live with pine

trees as the host. Therefore, the decline of pine forest caused by pine wilt disease may

influence the diversity of ectomycorrhizal fungi.

The purpose of this study was to clarify the influence of pine wilt disease on the

diversity of ectomycorrhizal fungi. Therefore, we surveyed the damage of pine stands

caused by pine wilt disease and the occurrence of ectomycorrhizal fungal fruit bodies,

and analyzed the relationship between them.
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STUDY SITE

The study site was situated in artificial pine stands in the neiberghood of Mt.

Tsukuba (36°13’31” N, 140°06’24” E; altitude, 877 m) in Ibaraki prefecture, Japan

(Fig. 1). The stands are composed of P. densiflora and P. thunbergii below altitude of

450 m.

METHODS

At the study site, eleven quadrats in pine stands with different level of damage

were established in 1999 (Table). The size of each quadrat was 30 m by 20 m. In 1999

the quadrats were divided into two groups with different community structure. One

group was almost pure pine, and named P1–9. Another group was mixed with Quercus
serrata Thunb., and named M1–2. In 1999–2004 the quadrats in each group were re-

numbered according to the average of annual mortality.

A tree census was conducted in all quadrats from September to February in

1999–2004. For each tree 3.0 m tall, we recorded the species, and measured the

diameter at breast height. And, we checked whether pine individuals were live or dead

according to discoloration of tree crown. We calculated the accumulative mortality of

pine individuals and the total basal area (BA) of live pine trees.

The occurrence of fungal fruit bodies was surveyed in all quadrats from May to

November in 1999–2004. Each quadrat was divided into 25×25-cm segments, and we

recorded the species and the location of the segment with fruit bodies once per two

weeks. In this study, seven fungal families, Amanitaceae, Boletaceae, Cortinariaceae,

Gomphidiaceae, Hygrophorus, Russulaceae and Strobilomycetaceae, and one genus

Laccaria were considered as ectomycorrhizal fungi. Other ectomycorrhizal genera

(e.g. Tricholoma) were not observed.

STATISTICAL ANALYSIS

The number of live pine trees decreased drastically in July and August because

pine wilt disease progresses under water stress in summer. So, from August in year to

July in year t+1, pine population is considered to be in a steady state. Therefore, we

compared the damage of pine trees with the number of species of ectomycorrhizal
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Fig. 1. Location of study site. Mt. Tsukuba

(36°13’31” N, 140°06’24” E; altitude, 877

m) is 60 km northeast of Tokyo
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fungal fruit bodies, which occurred during July to November of the year and May to

August of the next year.

RESULTS

In all quadrats, the accumulative mortality was 19.1–43.0% in 1999, and reached

33.3–94.3% in 2004 (Fig. 2). The average of annual mortality was 12.3% in the heaviest

quadrat P1 and 2.4% in the lowest quadrat

P9 (Fig. 3). In the quadrats with high

annual mortality, e.g. quadrat P1 and P2,

the BA of live pine trees decreased

drastically (Fig. 4). However, in the

quadrats with low annual mortality, e.g.

quadrat P8 and P9, the BA sometimes

increased.

The number of species of

ectomycorrhizal fungal fruit bodies

fluctuated among years (Fig. 5). In the

quadrats with low annual mortality, e.g.

P1 and P2, the number of species peaked

in 2001. However, in the quadrats with

high annual mortality, the number of

species decreased every year.

The relationship between the

accumulative mortality and the number

of species of ectomycorrhizal fungal fruit

bodies is shown in Figure 6. In the

quadrats with low annual mortality, the

number of species changed regardless of

the accumulative mortality. However, in

some quadrats with high annual

mortality, i.e. P2, P3 and P5, the number

of species significantly decreased with

the accumulative mortality. This

tendency was found among quadrats in

2002 and 2003 (Fig. 7).

The number of species of ectomycorrhizal fungal fruit bodies significantly

increased with the BA of live pine trees in the quadrats with high annual mortality, but

not in the quadrats with low annual mortality (Fig. 8). Among quadrats, the correlation

between the number of species and the BA was significant in 2002 and 2003 (Fig. 9).

Moreover, in quadrat M1 and M2, the number of species was higher than that of other

quadrats with the same BA. If the data of quadrat M1 and M2 were excluded, the

correlation between the number of species and the BA was significant in 2001.
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DISCUSSION

The biomass of live pine trees decreases in heavily damaged pine stands (Fig. 4).

However, the biomass of live pine trees sometimes increases in slightly damaged pine

stands. It is thought that the growth of pine individuals could compensate for the

damage if the damage was not severe. Thus, the damage by pine wilt disease was

divided into categories of heavy damage with a decrease of biomass and light damage no

decrease or even an increase in biomass.

It is clear that the diversity of ectomycorrhizal fungi is maintained in the case of

light damage (Fig. 6–9) and it is suggested that the constant amount of host pine trees

retains the supply of carbohydrate for ectomycorrhizal fungi. Inversely, the diversity of

ectomycorrhizal fungi reduces with heavy damage to pines(Fig. 6–9). Power (1996)

found that the amount of ectomycorrhizas in declining trees was less than that in healthy

ones. Ichihara et al. (2001) reported that the development of ectomycorrhizas stops

after the inoculation into trees of Bursaphelenchus xylophilus, the pathogen of pine wilt

disease. Therefore, the loss of host pine trees arising from heavy damage is thought to
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be causing the reduction of the diversity of ectomycorrhizal fungal flora in the study

area.

The diversity of ectomycorrhizal fungi was kept high in pine stands mixed with

other ectomycorrhizal tree species (Fig. 8–9). Some species of ectomycorrhizal fungi

can associate with a wide range of tree species. Thus, the other ectomycorrhizal tree

species can provide refugia for ectomycorrhizal fungi when pine trees are damaged.
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INTRODUCTION

Forest ecosystems and individual trees in Europe are threatened by a wide range of

pests and diseases. Previous experience indicates that many of these organisms have the

potential to cause serious damage, particularly when introduced into ’new’

environments. This review is focused on some of the major threats to trees in Europe,

especially diseases, but also including some examples of recently invading

invertebrates. We include a number of diseases (and pests) already present on this

continent and several which may have serious consequences if/when they are

introduced.

WILT DISEASES

A serious wilting and dieback of elms (Ulmus spp.) was first recorded in France in

1918, and subsequently spread throughout Europe rather rapidly. The disease and the

causal agent, Ophiostoma ulmi, were fully described for the first time by Dutch

researchers in 1922 (Holmes& Heybroek 1990).This first wave of Dutch elm disease in

Europe had receded in importance by the mid-20th Century; although between 10–40%

of infected trees were killed by this pathogen, many recovered. A more aggressive

outbreak of the problem, however, had been recognized in North America in the early

1930s (Campana & Stipes 1981). A second species, O. novo-ulmi, was responsible for

the outbreak in North America (Brasier 1991); this North America race of O. novo-ulmi

(NAN) was inadvertently imported into Europe in the 1960s, causing a far more severe

problem than the earlier outbreak of O. ulmi; almost all elms appeared to be highly

susceptible to NAN. The situation in Europe is further complicated by the presence of a

second race of O. novo-ulmi (EAN), which is spreading westwards from Eurasia

(Brasier 1979).

The main trees affected by Dutch elm disease include all the European and

American native elms: field elm (Ulmus minor), Wych-elm (U. glabra), European

64



white elm (U. laevis), American elm (U. americana), red or slippery elm (U. rubra),

rock elm (U. thomasii), and cedar elm (U. crassifolia) (http://www.eppo.org). Asian

elm species are generally much less susceptible to the disease than are the Euro-

American elms (Heybroek 1983). In Europe, spores of O. ulmi and O. novo-ulmi are

vectored on the bodies of elm bark beetles in the genus Scolytus (S. scolytus and S.

multistriatus); following mating, female Scolytus spp. excavate galleries beneath the

bark of weakened trees and lay their eggs (Butin 1995). The microenvironment in the

galleries is ideal for fungal sporulation; the pathogen produces coremia and perithecia

into the galleries and, as the next generation of beetles emerge from pupation, spores

adhere to their exoskeleton. Before mating, the newly emerged beetles must feed on the

bark of living elms, usually on the twigs. Spores adhering to the beetle body are

transferred to the wounds opened up by this maturation feeding and the tree becomes

infected by the pathogen.

The fungus causes a vascular wilt that results in browning of the foliage and kills

affected trees. This process can take anywhere between a few days to a few years, but

with O. novo-ulmi is usually quite rapid. The fungus develops in the functional xylem,

directly under the bark. The leaves of affected branches wilt, curl up and dry out, while

turning yellowish or brownish, but usually remain attached to the tree. Cutting

transversely through an infected branch reveals brownish vascular discoloration, due to

the oxidation of phenolic compounds, in the affected xylem vessels.

Oak wilt, caused by Ceratocystis fagacearum, is one of the most destructive

diseases of oaks in eastern North America. The main problem occurs on species in the

red oak group, although many white oaks are also susceptible (Sinclair & Lyon 2005).

Fortunately, this disease is not present in Europe (map 1). C. fagacearum appears to be

indigenous to eastern and central North America (Kurdyla et al. 1995). The fungus

spreads rather slowly, over short distances by root transmission through root grafts and

common root systems shared between infected and healthy trees. Sap beetles in the

family Nitidulidae are confirmed vectors of the pathogen and are responsible for long-

distance transmission. International spread is possible through introduction of

contaminated planting material or vectors inadvertently carried on oak products
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(Rexrode & Brown 1983). In infected trees, symptoms of the disease may occur as early

as May. The leaves turn dull green or brown, appear water-soaked, wilt, and then turn

yellow or brown. Damage occurs from the tip and outer edges toward the midrib and

base. The disease progresses rapidly in red oaks, and some trees die within 1 or 2

months after the onset of symptoms. Most trees die within a year (French & Juzwik

1999). In contrast, white oaks may live for many years following infection.

Both the hybrid plane, Platanus acerifolia and the eastern European native oriental

plane, P. orientalis, are susceptible to fatal attack by the canker stain pathogen,

Ceratocystis platani. This pathogen is probably indigenous to the south-eastern USA

and perhaps Mexico (Engelbrecht et al. 2004), whereas studies of the European

populations of the pathogen suggest a single introduction from the USA to Naples, Italy

during the Second World War (Ocasio-Morales et al. 2006). The disease is now present

in Italy (Panconesi 1981), France (Ferrari & Pichenot 1974), Spain (Fernandez de Aña

Magan & Gil 1977), Switzerland (Matasci & Gessler 1997), Greece (Tsopelas &

Angelopoulos 2004) and there are unconfirmed reports from Serbia (Keca 2006,

personal communication) and Belgium (Anselmi et al. 1994). C. platani is a wound

parasite, colonizing exposed wounds immediately on contact and growing up to 2.0 –

2.5 m per year. Trees of 30–40 cm diameter can be killed within 2–3 years of initial

infection (Panconesi 1999). Despite the common name of canker stain, the pathogen

causes a wilting response in infected hosts, with tyloses blocking the vessels and

resulting in a sudden wilting of a portion of the tree crown. Foliage turns yellow and

wilts, later turning red-brown and remaining in the crown, being easily distinguished

from the surrounding healthy leaves. Natural spread of the disease can be very slow.

Healthy trees may be infected by root contact with a neighbouring diseased tree

(Accordi 1986), or via natural wounds (weather damage, insect attack, rolling pebbles

in watercourses). Ambrosia beetles are thought to be potential vectors of the disease.

Wounds caused by human activities (pruning operations, road maintenance), however,

are responsible for the majority of new infection cases in urban and rural environments.

The disease is transferred to previously unaffected areas on infected planting material,

or untreated packing and packaging material.

Losses in the urban populations of London plane in south-east France and Italy

have been dramatic, seriously impacting on the aesthetics of these urban areas. Until

recently the impact of C. platani on the Oriental plane appeared to be confined to Sicily,

although the disease recently invaded Greece, entering the western limits of the natural

distribution of Oriental plane, and causing the death of thousands of trees. Oriental

plane is an important riparian species in the Greek flora; if the pathogen cannot be

eradicated or controlled, further spread of the disease may lead to a huge ecological

disaster. The pathogen is listed as an EPPO A2 quarantine pest (OEPP/EPPO 1986).

CANKER DISEASES

Cryphonectria parasitica was first reported in North America 1904 and during the

next 50 years disease spread rapidly infecting trees of Castanea spp. (chestnut) all over

the United States (Roane et al. 1986), causing chestnut blight. The outcome of the

infection is death of the tree; in the USA, almost all chestnuts were killed by the 1930s,
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destroying industries reliant on the timber of these species. The disease was first noted

in Europe in Italy in 1938 and now is present in France, Spain, Switzerland, the Western

Balkans and Greece, and has spread into east Asia and Tunisia (Robin & Heiniger

2001) (map 2). The most common invasion pathway for C. parasitica is through

international trade in host plants, timber and wood products. Conidia and ascospores of

C. parasitica are spread in wind and rain, but are also transmitted by bark beetles

(Agrilus spp.) and birds (Tainter & Baker 1996). The pathogen enters host trees via

wounds produced by the insect vectors. On young, smooth-barked branches, blight-

infected patches are bright brown, in contrast to the olive-green colour of normal bark.

On older stem infections, the discoloration is less obvious (Bazzigher & Miller 1991).

PATHOGENS IN THE OOMYCOTA

In North America, sudden oak death (SOD) caused by Phytophthora ramorum

attacked a range of species in the Fagaceae, and is of particular concern in California on

Lithocarpus densiflorus (tanoak), Quercus agrifolia (coast live oak), Q. kellogii (black

oak) and Q. parvula var. shrevei (Rizzo & Garbellotto 2003). Many other woody plants

are also host to this destructive pathogen. In 1993, a serious dieback was noted on

species and cultivars of Rhododendron and Viburnum in Germany and the Netherlands,

with twig dieback, cankers, and leaf spots; P. ramorum proved to be the causal agent

(Werres et al. 2001). By 2004, the pathogen was recorded in over 400 European woody

plant nurseries and public gardens in 15 countries on 13 host genera. To date, P.

ramorum has not been found in European native forest ecosystems. However, infected

beech, horse chestnut, turkey oak, sweet chestnut, and Holm oak in woodland settings

have been found at several sites in the UK. The most likely infection pathways are

planting materials: wood, bark, and soil from areas where the disease occurs. As with

other Phytophthora species attacking trees, infection by P. ramorum is often

characterized by the presence of dark red to black sap oozing from the trunk (‘bleeding

cankers’ or ‘tarry spots’), usually on the lower stem, but sometimes occurring several

metres above ground (http://www.the-tree.org.uk/TreeTalk/4/suddenoakdeath. htm#
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What% 20are%20its%20symptoms). P. ramorum poses a large potential risk to

European forest ecosystems, and was rapidly given quarantine status by the European

Union, to monitor potential introductions from North America (http://www.eppo.org/

QUARANTINE/Alert_List/fungi/oak_death.htm).However, P. ramorum isolates

currently found in Europe are of a different mating type to that found in North America;

should the two mating types be brought together, the problem caused by P. ramorum

could markedly increase in severity.

The most widely distributed Phytophthora species, with nearly 1000 recorded host

species, is Phytophthora cinnamomi (Zentmeyer 1980). First described attacking

cinnamon trees in Indonesia (Sumatra) in 1922, the pathogen is now found all over the

world, although its true origins remain unclear. P. cinnamomi is particularly destructive

in the Eucalyptus forests of Western Australia and Victoria (Shearer & Tippett 1989).

On a local scale, the pathogen is disseminated naturally by rain splash, by wind-blown

soil or debris, or by water movement and run-off in drainage/irrigation ditches. The

most likely means of more distant transport, however, is in contaminated soil or plant

debris. Propagules can also be carried on machinery used for cultivation or harvesting

and on seed. The first symptoms of infection by P. cinnamomi root rot are wilting and

yellowing of foliage, which then dries out as the young feeder roots darken. Infected

plants usually die from lack of water and nutrients, although there is considerable inter-

and intra-specific variation in susceptibility to the disease.

Dieback and death of Alnus species, caused by Phytophthora alni, is present in

many European countries: Austria, Denmark, France, Germany, Hungary, Italy,

Netherlands, Sweden, UK, Belgium and Poland (Gibbs et al. 2003) (map 1). As with

many other Phytophthora species attacking woody plants, P. alni causes lesions on the

lower stem, root and collar necrosis and crown dieback. Alders are important species in

substantial areas of wet natural woodland throughout Europe; the nitrogen-fixing

ability results in greatly improved soil quality, particularly following regeneration in

disturbed areas. Damage by P. alni has a significant ecological impact, including

changes in forest composition, wildlife food and habitat, increased soil erosion and

changes in soil composition. Nursery stock, including infected plants and contaminated

soil, are the most likely means of long-distance transport of the pathogen. Wood with

bark is another possible means for transport of the pathogen.

Many other species of Phytophthora are known from forest ecosystems outside

Europe and may present significant threats if introduced. For example, Phytophthora

lateralis kills both Chamaecyparis lawsoniana and Pseudotsuga menziesii in the

Pacific North-West region of North America. Although also isolated from forests in

France (Hansen & Delatour 1999), the pathogen has not caused serious problems in

Europe to date. Moreover, there has been an rapid increase in the number of

Phytophthora species recognized over the last 15 years, with 26 new species named; the

damage potential of many of these species has yet to be determined.

INSECT PESTS

A particularly damaging and invasive insect in Europe is the horse chestnut leaf

miner, Cameraria ohridella. This species was first recorded from Macedonia in 1985,

attacking the common horse chestnut, Aesculus hippocastanum (Pavan et al. 2003).
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The current distribution of C. ohridella is shown in map 3. Based on the date of first

record, the rate of spread for C. ohridella was estimated at 60 km/yr in Europe. This

value is much higher than those calculated for other invasive organisms (Augustin et al.

2004). Leaf damage is particularly noticeable because horse chestnuts are abundant in

towns and cities, and the defoliation of trees in streets, parks, and gardens occurs in

early summer. At the country scale, the spread of C. ohridella has a stratified dispersal

pattern with a positive association between the establishment of distant foci and human

population density. It is likely that two mechanisms operate: long-distance dispersal by

wind with a higher probability of establishment in cities because of the higher density of

the host plant; and passive long-distance transport of C. ohridella between highly

populated areas by vehicles (Kehrli & Bacher 2003).

CONCLUDING REMARKS

The importance of Oomycota in forestry has grown significantly in recent years.

Phytophthora citricola dominates in nurseries being often found on ash, beech

seedlings as well as silver firs. P. cinnamomi attacks Scots pine and P. citrophthora

Norway spruce. P. cambivora has been found on dying adult beech, and may be

implicated in decline and death of other broadleaved species. Alder decline is

increasing in importance in many European countries because of the spread of P. alni.

Newly emerged threats to forest ecosystems include P. ramorum and P. kernoviae. The

danger of transferring Ceratocystis fagacearum from North America to Europe

remains. A further factor to be considered is the possible hybridization between native

and alien pathogens, which can give rise to stable hybrids causing problems on hitherto

unaffected hosts (Brasier 2000, 2001). Devastation of Aesculus hippocastanum in

Central Europe in recent years by the horse chestnut leaf miner, drew the attention of

both public and environmentalists; the insect is still spreading northwards and

westwards in Europe.

There are many questions that require addressing in the near future. Would

Ceratocystis fagacearum be a serious danger for native European oaks? Will

Bursaphelenchus xylophilus spread from its current limited range in Europe? What is

the likely impact of climate change on the distribution of disease-causing agents such as

A review of historical data on selected alien invasive pathogens and pests in Europe 69

Map 3. Known distribution of Cameraria ohridella



Cryphonectria parasitica, Ceratocystis platani, Phytophthora spp. and Sphaeropsis

pinea?

These issues underline the importance of creating an international thematic

network on Alien Invasive Species, in order to monitor spread of potentially damaging

pests and pathogens. In this context, the new IUFRO working group provides an

excellent international platform for discussion and information exchange among

individuals and parties involved in this research.
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INTRODUCTION

During February – March 2006 in Uppsala and Florence we initiated, elaborated

and submitted to European Commission a proposal for the Coordination Action

“European network on emerging diseases and invasive species threats to European

Forest Ecosystems” (project acronym – “FORTHREATS”). The project falls within the

Sixth Framework Programme, Priority 8.1 “ Policy-oriented research – Scientific

support to policies”, and includes 23 partners and 12 associated participants from

scientific institutions of 20 European countries, – Austria, Belgium, Czech Republic,

Finland, France, Germany, Great Britain, Greece, Hungary, Italy, Latvia, Lithuania,

Norway, Poland, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, and 6

external experts from Australia, China, Russia, South Africa and USA. In June 2006,

FORTHREATS was approved by European Commission with a budget of 300 000

euros.

AIMS AND OBJECTIVES

The ultimate aims of FORTHREATS are to help preventing economic, ecological,

social and cultural losses that emerging diseases and invasive species may cause to

forests in Europe. Those aims will be achieved by setting up a network of experts, that

also have contacts with other organisations, authorities, and research initiatives; by

synthesising existing knowledge both published and available through the expert

network; and by suggesting good practices and areas in need for further research or other

attention.
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The objectives of the project are to review the threats that are posed to European

forests by organisms previously not present in the respective systems or organisms that

have recently become invasive or causing emerging diseases. Organisms can either be

imported from elsewhere, be present inside the area but make a host jump to come in

contact with new hosts or originate from mutation or hybridization. Furthermore, due to

changing environmental conditions, some pathosystems have developed into more

critical stages due to host stress. The emerging diseases can either be of fungal,

oomycete, bacterial or viral origin or be an insect or nematode. Invasive species can

also be plants that are planted outside their normal geographical range and become

invasive or that have otherwise spread into the European area. Of particular interest is to

map the disease and threat situation in new member states of the European Union. A

further aim is to identify any trade route or other import courts that require special

attention.

We plan to make a synthesis of the literature findings, the outcomes of the partner

meetings and discussions, and the input from the invited external experts. The synthesis

will provide an overview of the threat situation in Europe broken down on geographic

and climatic regions, and a rating of the degree of risk posed by the indicated threats.

We will report on suggestions for good practices and standards for detection and

monitoring. We also intend to identify undeveloped areas that require future research

activities.

The specific objectives of the FORTHREATS project are: 1. Constitution of a

network of expertise from old and new EU member states on possible threats to

European forest ecosystems posed by emerging diseases and alien species. 2.

Identifying and listing possible threats to European forest ecosystems posed by

emerging diseases and alien species. 3. Identifying and listing likely origins of threats

and modes of movement in Europe. 4. Qualifying and quantifying major threats in a

geographic and climatic context. 5. Indicate i) possible ways for preventing

introductions, ii) environmentally compatible control measures, and iii) suggested

areas in need of attention for legislation. 6. Prepare suggestions for standardization of

methodology. 7. Indicate areas where future research is needed.

STATE OF THE ART

Forests cover approx 46% of Europes 2.26 billion hectare land area which

represent approx 27% of the total forested land area on earth (FAO, 2001). Forests

provide raw material for economically important industries producing pulp, paper and

timber etc. They are also important for biodiversity, for recreation and tourism and

produce a multitude of ecosystem services e.g. function as carbon sinks thereby helping

to buffer global warming. Maintaining forest ecosystem health and functioning is thus

pivotal to a sustainable development, not only to the regions where forests dominate,

but to the whole of the earth.

Introduced pathogens and pests have caused a number of international

catastrophes to forest trees all over the world. The best known cases include Chestnut

Blight that wiped out the American chestnut (Anagnostakis 1987), Dutch Elm Disease

in both Europe and North America (Brasier 1991), White Pine Blister Rust on five-
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needle pines first in Europe and later in North America, Phytophthora cinnamomi on a

high number of tree species in Australia and elsewhere (Hardham 2005), and Sudden

Oak Death caused by Phytophthora ramorum in California (Rizzo and Garbelotto

2003). In Europe, the causative agent of the Sudden Oak Death was observed in 2001,

and analyses of this disease have shown that other probably even more serious

pathogens in European conditions have been observed both in Great Britain and

Finland. Other examples with severe local impacts are Serridium cankers of Cupressus

sp (Graniti 1998) in southern Europe, Certocystis fimbriata on plane trees (Santini and

Capretti 2000) and the recently reported Eutypella canker of Acer trees in Slovenia

(Jurc et al. 2006). Other examples of emerging diseases have a less clear causal agent

but may still be highly devastating, e.g. the current ash decline causing widespread

dieback of ash trees in northern Europe.

One already well known example of a recent nematode invasion is the pine wood

nematode (Bursaphelenchus xylophilus) vectored by Monochamus spp., which very

recently was introduced to Portugal, but so far contained there successfully. This pest

has the potential to severely affect the pine ecosystems in Europe and may also put

quarantine restrictions on wood exports from infested areas. Insect examples include

Sirex noctilio introduced from Southern Europe to Australia, New Zealand, South

America and recently to South Africa, where, together with its fungal symbiont

Amylostereum aerolatum, it has killed millions of hectares of pine plantations (Slippers

et al. 2002) and the frequently intercepted Anoplophora glabripennis Asian long-

horned beetle, which is under active eradication in Austria and Germany.

The origin of emerging diseases might also be associated with host jumps or new

host ranges emerging as a result of species hybridisation (Brasier 2000, Slippers et al.

2005). One recent example is the hybrid Phytophthora species causing a massive

dieback in European alder trees over the last decades (Brasier et al. 1999). The origin of

the causal pathogen is hybridisation events between progenitor species that were not

showing a virulent phenotype towards Alnus species, whereas the resulting hybrid is

highly virulent and is currently spreading in the new host populations in Europe. Jumps

between closely related host species have been reported to be associated with emerging

diseases in Eucalyptus spp. in Australia and South Africa (Wingfield 2003; Burgess

and Wingfield 2002). Threats caused by emerging diseases originating from

hybridisation events or host jumps are likely to increase with the growing trade and

movement of plant material. The enlarged European Union has also opened up for an

increased movement of plant material making potential host-pathogen combinations

possible.

Along with globalisation, the world trade of plant material including seedlings and

timber can be expected to increase. Inspection of all plant material is conducted in order

to restrict the migration of pathogens, but in order to be effective, information about the

greatest potential risks should be available both for updating the quarantine lists and for

the development of novel detection approaches based for example on molecular

identification tools. Another area even more difficult to control is tourism, as tourists

very often carry plants and seedlings as souvenirs; and with them potential threats. Such

souvenirs do not usually go through inspection in customs.
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Many exotic pathogens and pests may be highly virulent to European trees due to

the lack of co-evolution between these threats and European hosts. Some organisms are

likely to be relatively harmless to their host plant in their original dispersal area, but

highly pathogenic to related species in the receiving country. However, the knowledge

on the effects of the pathogens on the ecologically and economically important

European tree species is insufficient and potential risks need to be assessed fully.

Overall, the history of introduced tree diseases and the changes expected during

further globalisation can be anticipated to result in increasing pressure of pathogen

invasions unless proper actions are taken. Proactive actions should be taken to identify

and control pathogens and pests, not yet added to quarantine species lists. The first step

to minimise the risk from yet unknown pathogens would be to identify the most serious

threats in the relevant geographical regions, and then to focus the anticipatory action

strategy on those pathogens.

Forestry-based economy is most important in northern Europe, where the low

winter temperatures protect trees from many diseases. In the future, many pathogens

and pests currently problematic in central Europe will move further north as climatic

change proceeds. At the same time, northern Europe will also become more sensitive to

those potentially dangerous pathogens in East Asia or North America, which do not

survive in current low temperatures. Therefore, the combination of climate warming

and globalisation of plant trade will set a previously unseen risk on the health of the

European forests.

Forest trees and other plants have the potential to become invasive when grown as

exotics, but it is difficult to predict which alien species are likely to cause serious

damage if introduced. At present, the best guide to potential invasiveness is those

species that have already caused problems when introduced into another part of the

world. Thus, compilation of reliable information is critically important for assessing

this risk. Protocols for assessing the risks of introductions should be developed,

including forestry activities that may provide a pathway for the accidental introduction

of alien species (FAO).

A number of organisations and network are already established e.g. World

Conservation Union (IUCN) with its Invasive Species Specialist Group (ISSG),

European Plant Protection Organisations (EPPO), and Delivering Alien Invasive

Inventories for Europe (DAISIE) etc., that have the mission to describe and monitor

new threats. However, none of these is specifically targeting the boreal and temperate

forests present in Europe forest ecosystems or to identify new and emerging threats and

research areas for monitoring and control. The present initiative is therefore highly

motivated. There has been an EU-funded initiative BAWBILT resulting in a published

book on the insect threats to European forest trees, although the emphasis was not on

new and emerging pests. Specific disease threats have also been targeted with EU

funding e.g. PHYTOFOREST and RAPRA for Phytophthora spp., POPFIME for

population dynamics of Megastigmus insects on forest tree seeds, and PORT CHECK

for technical development of detection methods of quarantine organisms. Our uptake is

broader than these specific projects and we will include the findings of them in our

synthesis. Other studies on threats to forests focus on abiotic stresses such as storms,
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fire or climate change have largely disregarded the biotic threats posed by emerging

diseases and invasive species.

RELEVANCE TO SCIENTIFIC SUPPORT TO POLICIES WITHIN THE EU

This project addresses the objectives of the Scientific support to policies (SSP)

Priority in a number of ways. The ultimate objective of the work is to provide

underpinning scientific support for the formulation and implementation of additional

and novel Community policies that target the prevention and restriction of entry of alien

pathogens and pests into the European Community and wider European zone.

Currently, there are many EU directives aimed at preventing and restricting entry of

such organisms, but there is also a range of related policies within individual member

states. The work carried out in this project will set the framework for standardisation of

quarantine legislation and methodologies across the whole of Europe, strengthening

current quarantine measures through the continent as a whole.

The work will be both timely and effective in providing scientific inputs to EU

policy makers; the wide range of partners involved should enable the improved

information generated to be exploited and taken up at national and EU levels.

Moreover, the coherent research base provided by this work, integrating such a wide

range of scientists and interested parties, reflects the increasing integration of

Community policies with the underpinning science, fostering better relationships

between researchers and policy makers within the EU.

The range of partners within the project, from EU and EFTA states, and from the

international community represent a large pool of expertise in the various facets

included in the project. The project strengthens the foundations of European research

through: (a) bringing together a critical mass of tree pathologists, entomologists and

quarantine specialists from with the EU and EFTA states; (b) including relevant experts

from other continents where alien pathogens and pests either (potentially) originate or

also threaten endemic forest ecosystems, and (c) includes associated partners and

proposed guest speakers from SMEs involved in plant protection and quarantine

implementation. In addition, the proposal to create long-term field sites for identifying

potential threats within China will foster strong research links between EU states and

that area. This integrated and coherent research will enable rapid progress in the work,

which is an essential element in such activities.

The current reforms of CAP and the proposal to introduce new free trade policies

may increase likelihood of transfer of alien pests within the EU, apart from the

increasing threat of introduction of such organisms from outside the Community.

Related to this is the threat of bioterrorism. EU crops, including all types of forest

ecosystems, are potential targets for deliberate introductions of biological threats. The

work proposed here is directed at precisely these threats, and the results will improve

Europe’s ability to detect such potential attacks in advance, thereby mitigating possible

negative outcomes.

Outside the SSP, the project is of direct relevance to the thematic priority 7:

Sustainable Development, focused on Global Change and Ecosystems. Forests,

whether managed for timber production, or for environmental protection and amenity,
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are extremely important ecosystems within the rural setting. Protection against alien

threats is of fundamental importance in maintaining our forestry base for issues as wide

ranging as wildlife conservation, erosion and water catchment protection and rural

employment. As highly important carbon sinks, forests represent crucial components in

efforts to mitigate the impact of global climate change; potentially devastating alien

pathogens and pests could have serious impacts on the ability of forests to act in this

manner. Hence, the policy support arising from the work will further enhance attempts

to improve the sustainable management of forest ecosystems. As experience in Europe

and other continents has taught, alien pathogens and pests can cause severe disruption

to forest ecosystems, resulting in severely degraded landscapes and depleted

biodiversity.

In the context of productive forestry, the work will increase the ability of EU states

to produce high quality timber, through the reduction in potential alien pathogen and

pest attacks in future years. Such work will prevent potentially damaging bottlenecks

arising within the forestry wood chain, protecting the industries reliant on timber, and

as a consequence protecting many jobs within the rural sector, and also in the

downstream processing sectors which represent some 10% of the EU workforce.

Knowledge generated in this project will be utilized in the pursuit of novel management

and technical methods to improve the detection, diagnosis. Further EU support may be

sought to exploit innovation-related activities.

POTENTIAL IMPACT

The program deliveries include documents and a searchable database of best

standard of schemes for detection and monitoring of threats posed by emerging diseases

and invasive species. We will also point out areas in need of further attention. This

includes both standardisation of detection methodology, monitoring, legislation and

future research needs.

The Action will contribute to a detailed mapping of potential threats. Of particular

importance is the fact that a large group of experts from old and new member states will

be engaged in this process thereby contributing with knowledge and expertise from a

wide range of different geographic and climatic settings. Complementary competences

within the network will generate added value at the European level. Each expert will

contribute with his/hers network of contacts with other scientists, practitioners and

authorities in their home countries as well as internationally. In order to cover contacts

with other continents we have also included experts from Australia, North America,

Asia and Africa that both have top knowledge of the potential threats as well as

experience of international legislation. We will also associate local experts to our

meetings whenever appropriate.

The network that will be built up will also function for dissemination of

knowledge. The partners and invited experts will feed back the information gathered in

the program to their contacts in wider society. The added-value by the European

dimension is through complementation of expertise, and awareness of threats from

various regions. Also, the contacts created in the network are invaluable in future

networking and expert interaction. Most partners are already highly involved in
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national and international committees on forest protection or quarantine issues such as

EPPO. It will be the responsibility of the partners to inform local authorities on the

results of the action. We will invite local authorities to the four meetings of the action.

A number of organisations and network are already established e.g. World

Conservation Union (IUCN) with its Invasive Species Specialist Group (ISSG),

European Plant Protection Organisations (EPPO), and Delivering Alien Invasive

Inventories for Europe (DAISIE) etc that have the mission to describe and monitor new

threats. In order to facilitate information exchange and data mining, we have included

in our consortium experts that are associated with these organisations. There are also

links to other EU funded research programs e.g. BAWBILT, PHYTOFOREST and

RAPRA. Contacts with these organisations will also work for our information

dissemination activities by providing already built-up networks for contact and

extension.

By including experts from many regions in Europe, the network will make the

partners and associated contributors more aware of potential threats that might move

into the various countries. Authorities and companies will be invited to the meetings

locally. The action will set up a homepage where documents and results of the activities

will be made available to the general public. The dissemination plan will be facilitated

by compiling lists that will be available in printed versions as well as electronically on

the home page. The searchable database of standard identification, good monitoring

practices, and key literature references will become a valuable platform for

communication.

PROJECT MANAGEMENT AND DISSEMINATION PLANS

The program will be lead by the co-ordinator Jan Stenlid. There is a co-ordination

committee with special responsibility for the summary and reporting work. This group

consists of Alberto Santini, Andrea Vannini, Steve Woodward, Thomas Kirisits,

Rimvis Vasiliauskas, and Jan Stenlid as the leader. The program is organised into a

network with 23 partners with 12 associated participants. We have invited six external

experts to take part in the meetings and exchange of information from South Africa,

Australia, China, Russia and USA. In order to facilitate the contacts and discussions,

project website will be produced.

We defined objectives of the network as:

A. Constitution of network of expertise of possible threats to European forest

ecosystems posed by emerging diseases and alien species.

B. Identifying and listing of possible threats to European forest ecosystems posed

by emerging diseases and alien species.

C. Identifying origins of threats and modes of movement in Europe.

D. Qualifying and quantifying threats in a geographic and climatic context.

E. Networking to reach standardization of methodology.

F. Syntesis and reporting.

These objectives are reflected in the five work packages (WP); A. Diagnosis and

monitoring (Responsible partner A. Vannini) B. Origin (Responsible A. Santini), C.

Spread (Responsible J. Stenlid) D. Impact (Responsible S. Woodward) E. Synthesis

and reporting (Responsible J. Stenlid).
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Decisions on critical issues will be taken by the Co-ordinator in consultation with

the co-ordination committee. Possible risks in achieving the project objectives are

minimised by a high number of participants. In other words, the information on

emerging diseases and alien species will be retrieved from many partners, often from

the neighbouring regions, and at the same time covering all geographic areas of Europe.

Thus, the likelihood of presenting the relevant and comprehensive data on European

scale (and achieving project objectives) is very high even in cases where some partners

will encounter obstacles to deliver the required data.

We plan for 24 months duration and 4 meetings two of which may be in

conjunction with international conferences, and 2 weeks of working time per partner

keeping in mind that the maximum contribution from EU at this time is only 0.3 million

euros. The budget for travel expenses of the associated participants and the external

experts to visit our meetings is retained and coordinated by the co-ordinator who will

reimbursed costs. For partners, the travel costs to 4 meetings each are distributed among

the partners. One extra meeting is planned for the final synthesis by the co-ordination

committee. In order to run this network, six man months of work is set aside in the

budget of the co-ordinator.

The results of this action will be made available to the general public in form of

published lists and searchable databases. Whenever possible, the results will be

published in international scientific journals. Intellectual property rights will be kept

with the researchers according to the local legislation.
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