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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:

e Alien invasive species in Europe,

e World ecological impact,

e Detection and policy,

e 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 cm?) 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 ISPM 15 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 Il1-
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 Jung', Marla Downing”, Markus Blaschke®, Thomas Vernon®

1Independent Scientist and Consultant for Tree Diseases, Thomastrasse 75, D-83098 Brannenburg,
Germany, www.tree-diseases.com, competence@tree-diseases.com.
Forest Health Technology Enterprise Team, Forest Health Protection, USDA Forest Service, Suite
331, 2150 Centre Avenue, Building A, Fort Collins, CO 80526-1891.
*Bavarian 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 (4. incana) and
Italian alder (4. 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, Szabd 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).

Figure 1. Grey alder (4/nus 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 (A/nus glutinosa) stand with high impact of P. alni root and
collar rot

Figure 3. Grey alder (4. 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 (4. 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
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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.

Number of forest alder stands with Phytophthora root and collar rot per 12.5 km grid
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Figure 5. Distribution of forest stands of alder suffering from Phytophthora root and collar rot
in Bavaria

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.
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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.

e Py tophthora
diseasoed aldors

= Mo disease records

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

Nursery | Alder Phytophthora species”
no. species®
ALN | ALNXCAM \ CAM \ MEG \ CAC \ CIT \ GON \ QUE \ CHLA

Nurseries buying in alder plants for resale
GLU X* - - - - - - - -
2 GLU - X X X - X X - X
INC x¢ - X - - | X | X - X
VIR - - X - - | X | - - -
GLU - - - X - X X - X
4 GLU X° - 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| - - -

* GLU = Alnus glutinosa, INC = A. incana, VIR = A. viridis.

® 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.

 P. alni ssp. alni.

4 P. alni ssp. alni and P. alni ssp. uniformis

2006; Jonsson et al. 2005; Balci und Halmschlager 2003; Vettraino et al. 2001, 2002).
In another study in Brandenburg Schumacher ez al. (2005) recovered P. alni from alder
fields of 5 out of 9 nurseries. It has to be noted that P. a/ni 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

Table 2. Contingency table occurrence of P. al/ni infested plantation in catchment area /Phytophthora
root and collar rot of riparian alders

Number of rivers with ~ Number of rivers with Total
diseased alders healthy alders
Infested plantation in catchment 58 0 58
area present
Infested plantation in catchment 2 25 27
area absent
Total 60 25 85

Relative risk = 13.5; 95% - CI: 3.556 — 51.24; Fishers exact test: p <0.0001
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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. a/ni 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. a/ni
(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
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=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. a/ni 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
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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
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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 15", 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

The research was supported by the State Committee for Scientific Research (KBN, Poland)
grant no 2PO6L 041 28
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Table 1. Compilation of data on afflicted plant material and the number of places from which it was
collected

. Calluna |  Pieris | Rhododen- Kalmia Syringa | Vaccinium
Detail . . . P . .
vulgaris | japonica | dron spp. | auqustifolia | vulgaris | 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- 12 15 43 6 1 5
lected

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 5°C.
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 20-22°C, 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 ez al., 1996), as well as starters ISSR:
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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 DNA, 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 Kalmia L . | Rhododendron |  Vaccinium Syringa
; ... | Pieris japonica s .
vulgaris auqustifolia . 1 Spp- vitis-idaea vulgaris
. stems, leav
(shoot apices) | (stems, leaves) ( s, leaves) (stems, leaves) | (stems, leaves) (leaves)
Alternaria Alternaria Alternaria Acremonium Alternaria Botrytis
alternate alternata alternata sp. alternata cinerea
Botrytis Botrytis Botrytis Alternaria Botrytis Cladosporium
cinerea cinerea cinerea alternata cinerea sp.
Fusarium Fusarium Cladosporium Botritis Fusarium
. Mucor spp.
avenaceum avenaceum sp. cinerea avenaceum
. Fusarium Cladosporium | Phytophthora
Fusarium poae | Mucor spp. P Viop Mucor spp.
avenaceum sp. citricola
Fusarium Fusarium Phytophthora
Mucor spp. .
culmorum avenaceum citrophthora
Pestaloti
atortd Mucor spp. F. culmorum
sydowiana
Rhizoctonia Pestalotia L
. . F. equiseti
solani sydowiana
Trichoderma Phytophthora
Viop F. poae
spp. citricola
Phytophthora | Gliocladium
citrophthora roseum
Mucor spp.
Penicillium Penicillium
Spp. 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 Isolated Phytophthora species
were taken 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) _ _
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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

. Pieris japonica Rhododendron spp.
Phytophth
yiophiiora species Total of 73 plants Total of 143 plants
P. citricola 17 90
P. citrophthora 21 —

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 ez 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 ez 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).

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

Source of isolates

Plant species Pieris japonica Rhododendron sp.

a b a b
Calluna vulgaris 10,6 ¢ 18,8 b 11,5¢ 20,8 d
Pieris japonica 7,5b 16,0 b 10,0 be 17,5¢
Rhododendron spp. 14,5d 223 ¢ 16,5d 26,3 ¢
Sambucus nigra 55a 8,8a 6,5a 10,3a
Vaccinium vitis-idaea 15.6d 25,8 cd 18,8 ¢ 28,5¢
Viburnum opulus Compactum 11.3¢ 18.8b 8.8b 143b

Note: Means in the columns denoted by the same letter do not differ significantly at the 5% level according
to the Duncan test.
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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 rthododendron.
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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
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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)

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). 1dentity of
this isolate was further confirmed by amplifying the mitochondrial Cox 1 gene and the

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

The research was supported by the State Committee for Scientific Research (KBN, Poland),
grant 2P06L04128
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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).

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

Days after inoculation
Plants 4 7
a b a b
Fagus silvatica 8.5a 153a 148 a 24.5a
Alnus glutinisa 223b 24.0b 36.8b 38.5b

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 influence of nursery— cultivated plants on population dynamics
of Phytophthora citricola

An experiment was founded on April 15" 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 ¢. 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 4™ 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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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,

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

Days after sowing
Plants
14 44 75
”Fallow” 88 be 948 d 680 ab
Fagus silvatica 125d 973 d 920 cd
Brasica juncea 50a 589 a 620 a
Fagophyrum esculentum 50a 666 ab 640 a
Lupinus luteus 9 ¢ 794 be 840 cd
Helianthus annus 81 be 769 be 960 d
Vicia sativa 75 a-c 718 ab 900 cd
Secale cereale 63 ab 871 cd 800 be

Note: see Table 1
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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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Table 3. The influence of rotation crops on the germination and health of beech seedlings (Experiment

founded 2006.08.01)

No. of germi- | No. of dead seedlings | No. of seedlings
nated seedlings | at different numbers not displaying
of days after sowing | disease symptoms
Plants (n=5) 28 days 70 days
after sowing after sowing
28 46

Control no infection 48a Oa 0a 48¢
“Fallow” 45a 1.5¢ 2.3 de 03a
Beech seedlings 40a 1.3 bc 1.8 cd 03a
Brasica juncea 40a 0.3a 0.5 ab 1.0 ab
Fagophyrum esculentum 35a Oa Oa 2.5d
Lupinus luteus 35a 0.5 ab 1.3 be 2.0cd
Helianthus annus 38a O0a 0.5 ab 1.3 bc
Vicia sativa 43a 0.8 a-c 1.0 be 1.0 ab
Secale cereale 40a 0.8 a-c 2.8¢ 0.5 ab

Note: see Table 1

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).

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

2006.08.04)
No. of emergent seedlings | No. of seedlings (n=20) without
(n=20) after this no. symptoms of rot this no. of days
Plant of days after sowing
15 30 45 70
Control no infection 0.8 ab 12.0 be 145¢ 145¢
”Fallow”(infected control) 33b 75a 58a 2.3 ab
Fagus silvatica 33b 9.5 ab 6.3 ab 15a
Brasica juncea 1.0 ab 11.8 bc 9.3 cd 7.8d
Fagophyrum esculentum 1.0 ab 13.0c 10.5d 8.5d
Lupinus luteus 0.5a 12.3 be 7.8 a-c 50c¢
Helianthus annus 03a 133 ¢ 8.3 be 45c¢
Vicia sativa 1.3 ab 11.0 be 6.5 ab 43¢
Secale cereale 6.5¢ 11.0 be 7.5 a-c 3.8 bc

Note: see Table 1



The influence of nursery-cultivated plants, as well as cereals, legumes... 35

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 Labanowska
(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 (Smolinska 2004). Likewise, the volatile compounds generated by
the decomposition of glucosinolates, as liberated by decomposing mustard, may be
toxic to fungi (Smoliniska 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.



36 L. B. Orlikowski, T. Oszako

References

Labanowska B. 2006: Pedraki and inne szkodniki glebowe in szkotkach. Szkotkarstwo 4: 96-100

Orlikowski L. B. 1999: Selective media for the evaluation of biocontrol agents efficacy in the control
of soil-borne pathogens. Bull. Pol. Acad. Sci., Biol. Sci., 47: 167-172.

Orlikowski L. B., Skrzypczak C., Szkuta G., 2006: Phytophthora ramorum — new invading plant
pathogen in Poland. Scripta Horti Botanici, XI: 51-57.

Smolinska U. 2004: Badania nad mozliwoscia wykorzystania roslin Brassicaceae, zawierajacych
zwigzki biologicznie czynne, w ograniczaniu Sclerotium cepivorum Berk. Praca habilitacyjna,
Monografie i rozprawy naukowe, Instytut Warzywnictwa, Skierniewice, 17: 1-79.

Lukaszewicz J. 2002. Zmiany zawartosci skladnikow pokarmowych w podtozu torfowo-korowym
spowodowane zmianowaniem siewek podstawowych gatunkow drzew lesnych. Prace Inst. Bad.
Les., A, 3 (937-943): 109-128.

Lukaszewicz J., Duda B. 2002. Uprawa sosny zwyczajnej w plodozmianach szkoétki lesnej z
zastosowaniem roznych ugorow zielonych. Prace Inst. Bad. Les., A, 4(944-947): 21-42.



37

PHYTOPHTHORA POLONICA:
A NEW SPECIES ISOLATED FROM A POLISH DECLINING
ALDER FORESTS

Lassaad Belbahri', Gautier Calmin', Tomasz Oszako’, Eduardo Moralej03,
Jose A. Garcia’, Enrique Descals’, Francgois Lefort'

'Laboratory of Applied Genetics, School of Engineering of Lullier,
University of Applied Sciences of Western Switzerland, Jussy, Switzerland
“Forest Research Institute (IBL), Department of Forest Phytopathology,
Sekocin Las, 05-090 Raszyn, Poland
*Instituto Mediterraneo de Estudios Avanzados, IMEDEA (CSIC-UIB),
Miquel Marques 21, 07190, Esporles, Balearic Islands, Spain

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 ef al.
2006). Their morphology and pathogenicity, as well as sequence data for three nuclear

Figure 1. A dead alder forest in Koto district in Poland. This forest was planted 80 years ago and
started very quickly dying 15 years ago
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regions (ITS rDNA, EF-l¢ and $-tub) and a coding mitochondrial DNA region
(nadhl), 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
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Figure 2. Asexual structures of
Phytophthora polonica formed
on CA. (a and b) Hyphal swel-
lings (UASWSO01 98). (¢ and
d) Thin-walled chlamydospores
on CMA (UASWSOL 97). (e

" and f) Ovoid to ellipsoid spo-

rangia (UASWS0197)

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 S-tub, EF-1a and nadhl
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
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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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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 ef 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).

The research was finansed by the National Fund of Environmental Protection an water Management on the
demand of the Ministry of Evironment (grant no 198/06/Wn50/NE-PR-TxID)
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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 ef 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
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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 er 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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(TagMan, 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 ez 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 ez 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 ef al. 1996; Forster et al. 1990),
mitochondrial DNA (Forster ef al. 2000; Crawford ef al. 1996) and internal transcribed
spacer (ITS) regions of the rRNAgenes (Cooke and Duncan 1997; Forster 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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