
i

Progress in Research on
Phytophthora Diseases of Forest Trees

Proceedings of the Third International IUFRO Working Party S07.02.09
Meeting at Freising, Germany, 11–18 September 2004

Edited by Clive Brasier, Thomas Jung and Wolfgang Oßwald

Forest Research, Farnham, Surrey, UK



ii

© Crown Copyright 2006

Applications for reproduction of any part of this publication should be addressed to:
HMSO, Licensing Division, St Clements House, 2–16 Colegate, Norwich NR3 1BQ

First published December 2006 by Forest Research
Alice Holt Lodge, Farnham, Surrey GU10 4LH, UK

ISBN 0 85538 721 1

Brasier, Clive, Jung, Thomas and Oßwald, Wolfgang, Eds (2006)
Progress in Research on Phytophthora Diseases of Forest Trees
Forest Research, Farnham i–vi and 1–182 pp.

Keywords: disease: control, management, monitoring, resistance, spread; ecology; epidemiology; forests; host range;
invasive pathogens; molecular diagnostics; molecular variation; phenotypic variation; Phytophthora spp.; Phytophthora
alni; Phytophthora kernoviae; Phytophthora lateralis; Phytophthora pseudosyringae; Phytophthora ramorum; sudden oak
death; taxonomy 

Printed in the United Kingdom by Colourgraphic Arts, Bordon, Hampshire GU35 9QE, UK

Enquiries relating to this publication should be addressed to:
Clive Brasier
Forest Research
Alice Holt Lodge
Farnham
Surrey
GU10 4LH
UK

Front cover: Crown of a Fagus sylvatica tree, killed by the invasive Phytophthora kernoviae, photographed in June
2006 in Cornwall, UK. Back cover: External bleeding on Fagus sylvatica tree infected with Phytophthora kernoviae. 
(Photos: Alistair Whybrow, Forest Research)



iii

Contents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Page

Introduction: The growing Phytophthora threat to forests  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
C.M.Brasier, T.Jung and W.Oßwald

Regional overviews

1 Recent developments in Phytophthora diseases of trees and natural ecosystems in Europe  . . . . . . . . . . . . 5
C.M.Brasier and T.Jung

2 Phytophthoras in forests of the Americas  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
E.M.Goheen and E.M.Hansen

Management and monitoring of Phytophthora ramorum

3 Surveying for Phytophthora ramorum in Oregon’s forests  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
E.M.Goheen, A.Kanaskie, E.Hansen, M.McWilliams, N.Osterbauer and W.Sutton

4 Survival of Phytophthora ramorum in infected leaf tissue at the 
soil surface in a tanoak-redwood forest  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
E.J.Fichtner, S.C.Lynch and D.M.Rizzo

5 Phytophthora ramorum detection surveys for forests in the United States  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
S.W.Oak, W.D.Smith and B.M.Tkacz

6 Early detection and rapid response protocol for plants infected with 
Phytophthora ramorum outside a regulated area  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
K.O.Britton

7 Phytophthora ramorum: outcome of a 3-year survey in France  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
N. Schenck, C. Husson, C. Saurat, S. Rose and L. Laugustin

8 Chemical treatments for the control of Phytophthora ramorum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
M.Garbelotto

9 The search for the origin of Phytophthora ramorum: a first look in Yunnan Province  . . . . . . . . . . . . . . . . . . . . 43
E.M. Goheen, T.L.Kubisiak and W.Zhao

Management, monitoring and ecology of Phytophthora cinnamomi, P. lateralis and P. alni

10 Management of Phytophthora dieback in urban woodlands in Perth, Western Australia  . . . . . . . . . . . . . . . . 47
I.J.Colquhoun and C.P.Dunne

11 Rates of disease extension of Phytophthora cinnamomi in the jarrah forest bioregion 
of southwestern Australia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
G.Strelein, L.W.Sage and P.A.Blankendaal

12 Monitoring effectiveness of vehicle washing to decrease spread of 
Phytophthora lateralis in southwest Oregon, USA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
D.J.Goheen, K.Mallams, E.M.Hansen and F.Betlejewski



iv

13 Spread of alder Phytophthoras in the Spreewald biosphere reserve and 
a survey of alder nurseries in Brandenburg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
J.Schumacher

14 Management strategies for the Phytophthora root and collar rot 
epidemic of alders in Bavaria  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
T.Jung and M.Blaschke

Resistance, host range and pathogenesis

15 In vitro susceptibility of leaves and fruits of Mediterranean shrubs to Phytophthora ramorum  . . . . . . . . . 69
E.Moralejo, M.Puig, J. A. García and E.Descals

16 Sporulation potential of Phytophthora ramorum on detached leaves of some 
susceptible UK trees in vitro  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
S. Denman, E. Orton, S.A. Kirk and C.M. Brasier

17 Interactions of Phytophthora ramorum with two native Californian trees: 
bay laurel and coast live oak  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
D.Hüberli, Z.Afzal-Rafii, R.S.Dodd, V.Douhovnikoff, T.Y.Harnik, M.Meshriy, L.Miles, 
K.Reuther and M.Garbelotto

18 Physiological investigations on juvenile Alnus glutinosa inoculated with 
Phytophthora alni subsp. alni  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
C. Clemenz, F. Fleischmann, K-H. Häberle, R. Matyssek and W. F. Oßwald

19 Potential involvement of a cinnamyl alcohol dehydrogenase of Quercus suber 
in detoxification of a Phytophthora cinnamomi toxin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
A.C.Coelho, C.Fonseca, M.Horta, D.Neves and A.Cravador

20 Suppression of Phytophthora cinnamomi by the root exudates of Acacia pulchella  . . . . . . . . . . . . . . . . . . . . . . . . 92
A.U. Jayasekera, J.A. McComb, B.L. Shearer and G.E.St.J. Hardy

21 Seedling resistance to Phytophthora cinnamomi in the genus Abies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
J.Frampton, D.M.Benson, J.Li, A.Braham, E.Hudson and K.M.Potter

22 Phytophthora citricola root infection of European beech under the influence 
of elevated CO2 and nitrogen fertilization  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
F. Fleischmann and W. Oßwald

23 Infection and colonization of susceptible and resistant Port-Orford-cedar 
seedlings by Phytophthora lateralis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
E.Oh and E.M.Hansen

24 Field survival of Phytophthora lateralis resistant and susceptible of Port-Orford-cedar families  . . . . . . . . 104
R.A.Sniezko, S.Kolpak, E.M.Hansen, D.Goheen, L.Elliott and P.A.Angwin

Ecology and aetiology

25 New associations of Phytophthora species in central and eastern US oak ecosystems  . . . . . . . . . . . . . . . . . . . 111
Y. Balci, S. Balci, J. Eggers, W. L. MacDonald, K. W. Gottschalk, J. Juzwik and R. Long

26 The occurrence of Phytophthora species in Polish ornamental and forest nurseries  . . . . . . . . . . . . . . . . . . . . . . 115
L.B.Orlikowski, T.Oszako, B.Duda and G.Szkuta



v

27 Bleeding canker of horse chestnut  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
J.F.Webber, J.Rose and S.Denman

28 Tree hosts of aerial Phytophthora infections with particular reference to 
P. ramorum and P. kernoviae at two UK survey sites  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122
A.Brown, C.Brasier, S.Denman, J.Rose, S.Kirk and J.Webber

29 Phytophthora-caused cankers as precursors to death of European beech in North America  . . . . . . . . . . . . 126
G.W.Hudler, S.Jensen-Tracy, H.Griffiths, B.Sundick, A.Nelson and G.Weiland

30 Phytophthora root and collar rot and aerial bleeding cankers of European beech in Bavaria  . . . . . . . . . . . 129
T.Jung

31 Collar rot of Fagus sylvatica caused by Phytophthora cambivora: damage, 
site relations and susceptibility of broadleaf hosts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
G.Hartmann, R.Blank and A.Kunca

32 Aetiology and distribution of Phytophthora kernoviae and P. ramorum stem lesions 
on European beech in southwest England . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
A.Brown, C.Brasier and J.Webber

33 A decline of beech trees caused by Phytophthora pseudosyringae in central Italy  . . . . . . . . . . . . . . . . . . . . . . . . . 142
G.Diana, A.Pane, F.Raudino, D.E.L.Cooke, S.O.Cacciola and G.Magnano di San Lio

34 First data on the occurrence of Phytophthora cinnamomi on pedunculate oak in Poland  . . . . . . . . . . . . . . . . 145
T.Oszako, L.B.Orlikowski and G.Szkuta

35 Phytophthora root rot as the main factor in oak decline in southern Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
M.E.Sánchez, M.A.Romero, P.Caetano, R.M.Navarro and A.Trapero

36 Phytophthora root rot of Abies and Pinus in Michigan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
D.W.Fulbright, J.Jacobs, S.Stadt, M.Catel, A.M.Vettraino and A.Vannini

Molecular and phenotypic variation in Phytophthora populations

37 Diagnostic molecular markers of alder Phytophthora  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
J.Bakonyi, Z.Á.Nagy and T.Érsek

38 Development of PCR tests to detect the hybrid Phytophthora causing alder 
disease in Europe in natural samples  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
R.Ioos, C.Husson, B.Marçais and P.Frey

39 Differences in phenotypic stability and adaptive variation between the main European 
and American lineages of Phytophthora ramorum  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
C.Brasier, S.Kirk and J.Rose

40 Investigating the global population structure of Phytophthora ramorum 
using microsatellite and AFLP analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
M.Garbelotto, K.Ivors, P.Bonants, C.Fung, E.Verstappen and A.Wagner

41 Diversity of a local Phytophthora cambivora population based on AFLP markers  . . . . . . . . . . . . . . . . . . . . . . . . . 177
A.M.Vettraino and A.Vannini



vi

Poster Presentations

List of presentations supplied as posters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

Phytophthora kernoviae on rhododendron: sequence of photos  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

Delegates at the Freising meeting: group photo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182

Compact disk of posters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Inside back cover




