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Phytophthora
Oomycetes: Fungus-like organisms

Fungi Oomycetes
Cell walls Chitin Cellulose
Vegetative stage 
(non reproductive)

Haploid Diploid

Asexual (A: sporangia, B: zoospores, C: 
chlamydospores) and sexual (D: oospores) 
reproductive structures of Phytophthora 
infestans 



Wikipedia

PHYTOPHTHORA (FROM GREEK ΦΥΤΌΝ (PHYTÓN), "PLANT" AND 
ΦΘΟΡΆ (PHTHORÁ), "DESTRUCTION"; "THE PLANT-
DESTROYER")

Phytophthora

Phytophthora infestans Great famine: Irish Potato Famine

Impacts on human history by causing agriculturally and ecologically 
important plant diseases (Erwin & Ribeiro 1996)



Phytophthora
Phytophthora infects the roots and basal stem tissue preventing the uptake of 
water and nutrients by the plant, causing dieback (characterized by progressive 
death of twigs, branches, shoots, or roots).  



Phytophthora
More than 150 species nowadays P. cinnamomi, P. nicotianae, and P. sojae



Forest ecosystems
In Australia, Phytophthora-species have destroyed whole biotopes, earning the 
name “biological bulldozer”  
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Fig. 7   Diebacks of natural ecosystems caused by Phytophthora spp. in the south-west of Western Australia (WA). a. Severe dieback and mortality of jarrah 
(Eucalyptus marginata) forest with extensive elimination of the previously diverse understorey caused by P. cinnamomi; b. high mortality of tuart (E. gompho-
cephala��RQ�FDOFDULF�VDQG\�VRLOV�LQ�WKH�6ZDQ�&RDVWDO�3ODLQ�FDXVHG�E\�H[WHQVLYH�¿QH�URRW�ORVVHV�GXH�WR�P. multivora infections; c. severe dieback and mortality 
of riparian flooded gum (E. rudis) stand within the jarrah forest caused by P. elongata and P. multivora; d. extensive dieback and collapse of a Banksia wood-
land caused by P. cinnamomi; e. dieback and mortality of mature red tingle (E. jacksonii) caused by P. cinnamomi and P. cryptogea in a humid relic forest at 
the south coast of WA; f. girdling collar rot lesion caused by P. cinnamomi on a young E. marginata in the jarrah forest; g. bleeding collar rot lesion caused by  
P. cinnamomi on a mature Banksia grandis tree in an open Banksia woodland. — Photos: all T. Jung.
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INTRODUCTION

The oomycete genus Phytophthora belongs to the Perono-
sporaceae, order Peronosporales, class Peronosporomycetes, 
kingdom Stramenipila (Dick 2001, Hulvey et al. 2010, Beakes et 
al. 2014, Thines & Choi 2016). Initially, based on phylogenetic 
analysis of ITS rDNA sequences from 50 Phytophthora species, 
the genus was structured in 10 phylogenetic clades (Cooke 
et al. 2000). Although increasing numbers of Phytophthora 
species and increasing numbers of nuclear and mitochondrial 
gene regions were used in subsequent phylogenetic studies, 
the basic structure of the genus remained unaltered (Martin & 
Tooley 2003, Kroon et al. 2004, 2012, Blair et al. 2008, Martin 
et al. 2014, Yang et al. 2017). However, recently the number 
of clades was expanded to 12 in order to accommodate the 
growing number of species in the P. quercina clade and the 
unique position of P. lilii (Rahman et al. 2015, Jung et al. 
2017b). Several phylogenetic studies demonstrated that the 
genus Phytophthora is monophyletic with the 19 downy mildew 
genera residing within Phytophthora (Cooke et al. 2000, Kroon 
et al. 2004, Göker et al. 2007, Runge et al. 2011, Martin et al. 
2014, Thines & Choi 2016). Recently, a closely related sister 
genus of Phytophthora, Nothophytophthora, which shares many 
phenotypic and ecological characters with Phytophthora, has 

been described from natural ecosystems in Asia, Europe and 
South America (Jung et al. 2017d).

Most Phytophthora (Greek for ‘plant destroyer’) species have 
a hemibiotrophic or necrotrophic lifestyle as primary plant 
pathogens, although for many aquatic Phytophthora species 
from phylogenetic Clades 6 and 9 a lifestyle as saprophytes 
and opportunistic necrotrophic pathogens seems likely (Erwin  
& Ribeiro 1996, Brasier et al. 2003, Jung et al. 2011, Nechwatal  
et al. 2013). In contrast, all c. 600 downy mildew species are 
KRVW�VSHFL¿F��REOLJDWH�ELRWURSKLF�SODQW�SDWKRJHQV��*|NHU�HW�DO�� 
2007, Runge et al. 2011, Beakes et al. 2012, Thines & Choi 
2016). Phytophthora species are renowned as primary para-
sites on thousands of tree, shrub and crop species across 
the world. Depending on whether the lifecycle occurs mainly 
above- or below-ground a distinction is made between soilborne 
Phytophthora�VSHFLHV�FDXVLQJ�¿QH�URRW�ORVVHV��URRW�DQG�FROODU�
rots and bleeding bark cankers, and airborne Phytophthora 
species causing leaf necrosis, shoot blights, fruit rots and also 
bleeding bark cankers (Erwin & Ribeiro 1996). However, several 
Phytophthora species have both a soil- and an airborne life-
cycle. Phytophthora cactorum, for example, is causing root and 
collar rot in strawberries and a range of fruit and forest trees 
but can also infect the foliage and shoots of many ornamental 
plants and cause aerial bleeding cankers on European beech 
trees (Mircetich & Matheron 1983, Wilcox & Ellis 1989, Erwin & 
Ribeiro 1996, Jung 2009, Jung et al. 2016). In P. pseudosyrin-
gae the rate of sporangial caducity is highly variable between 
LVRODWHV�HQDEOLQJ�WKH�SDWKRJHQ�WR�FDXVH�ERWK�¿QH�URRW�LQIHFWLRQV�
and aerial bleeding cankers on oaks, beech and other forest 
trees (Wickland et al. 2008, Jung et al. 2003b, 2013b, Jung 
2009, Scanu & Webber 2016, Hansen et al. 2017).

It was estimated that, on a global scale, more than 66 % of 
DOO� ¿QH� URRW� GLVHDVHV�DQG�PRUH� WKDQ������RI� DOO� FROODU� URWV�
of woody plants are caused by Phytophthora species (Tsao 
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Abstract   Most members of the oomycete genus Phytophthora are primary plant pathogens. Both soil- and airborne 
Phytophthora species are able to survive adverse environmental conditions with enduring resting structures, mainly 
sexual oospores, vegetative chlamydospores and hyphal aggregations. Soilborne Phytophthora�VSHFLHV�LQIHFW�¿QH�
roots and the bark of suberized roots and the collar region with motile biflagellate zoospores released from sporangia 
during wet soil conditions. Airborne Phytophthora species infect leaves, shoots, fruits and bark of branches and stems 
with caducous sporangia produced during humid conditions on infected plant tissues and dispersed by rain and wind 
splash. During the past six decades, the number of previously unknown Phytophthora declines and diebacks of 
natural and semi-natural forests and woodlands has increased exponentially, and the vast majority of them are 
driven by introduced invasive Phytophthora species. Nurseries in Europe, North America and Australia show high 
infestation rates with a wide range of mostly exotic Phytophthora species. Planting of infested nursery stock has 
proven to be the main pathway of Phytophthora species between and within continents. This review provides in-
sights into the history, distribution, aetiology, symptomatology, dynamics and impact of the most important canker, 
decline and dieback diseases caused by soil- and airborne Phytophthora species in forests and natural ecosystems 
of Europe, Australia and the Americas. 
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Australia: Eucalyptus spp. 



Phytophthora ramorum in 
California

205T. Jung et al.: Phytophthora canker and decline diseases

Fig. 11   Sudden Oak Death and Sudden Larch Death symptoms caused by Phytophthora ramorum in the USA (a–e) and in the UK (f, g), respectively.  
a. Severe wilting and mortality of tanoaks (Notholithocarpus densiflorus) in a mixed coastal forest with Sequoia sempervirens in California; b. necrotic lesions 
on leaves of California bay laurel (Umbellularia californica) in California; c. necrotic lesions on tanoak shoot in California; d. bleeding bark lesions on a tanoak 
stem in California; e. tanoak stem in California with multiple red-brown necrotic lesions of the inner bark; f. severe defoliation and mortality of a Japanese larch 
(Larix kaempferi) plantation in the UK; g. phloem lesion on a branch of a Japanese larch in the UK showing brown discoloration of older necrotic parts and a 
maroon-red advancing margin. — Photos: a, b, d: T. Jung; c, e: Y. Balci; f, g: A. Pérez-Sierra.

Jung et al. 2018

(a) Tanoaks (Notholithocarpus 
densiflorus) in a mixed coastal 
forest with Sequoia 
sempervirens in California; b. 
necrotic lesions on of California 
bay laurel (Umbellularia 
californica); c. necrotic lesions 
on tanoak; d. bleeding bark 
lesions on a tanoak; e. tanoak 
stem
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Fig. 3   Oak decline symptoms caused by Phytophthora spp. a. Extensive dieback and mortality of Quercus suber trees caused by P. cinnamomi in Portu-
gal; b. progressive dieback and wilting of a mature Q. suber caused by P. cinnamomi and P. quercina in Sardinia (Italy); c. sudden death of a Q. ilex due to  
P. cinnamomi in a savannah-like ecosystem in Spain; d. Q. robur trees in Germany showing chlorosis, thinning and dieback of crowns, abundant proliferation 
RI�HSLFRUPLF�VKRRWV��DQG�PRUWDOLW\�GXH�WR�VHYHUH�¿QH�URRW�GHVWUXFWLRQV�FDXVHG�E\�P. plurivora and P. quercina; e. bleeding collar lesion with flame-shaped 
staining of the underlying xylem caused by P. cinnamomi on a mature Q. suber in Sardinia; f. root and collar rot caused by P. cinnamomi on a young Q. suber 
in a forest plantation in Sardinia; g, h. small woody roots of a mature Q. suber�LQ�,WDO\�VKRZLQJ�VHYHUH�ORVVHV�RI�¿QH�URRWV�DQG�ODWHUDO�URRWV�DQG�EODFN�QHFURWLF�
lesions due to P. cinnamomi infections; i. small woody root of a mature Q. robur in Germany with severe losses of lateral roots and a callusing bark canker 
caused by P. plurivora and P. quercina. — Photos: a–d, i: T. Jung; e–h: B. Scanu.

Jung et al. 2018



Southern Sweden

Phytophthora quercina, P. cactorum and P. cambivora



Table of contents

1. Introduction of genus Phytophthora 

2. Measures to prevent introduction and 
spread 

3. Examples: Australia 

4. RESISTREE project



Memoria de investigación Carmen Romeralo Tapia

DAÑOS BIÓTICOS EN LOS SISTEMAS FORESTALES: INTERACCIÓN CON LA GESTIÓN 
FORESTAL 

Las plagas y enfermedades forestales tienen un enorme impacto económico y ambiental en los 
bosques de todo el mundo (FAO 1965). Los impactos económicos incluyen la pérdida de valor de 
los productos forestales y el coste de eliminación de árboles muertos y operaciones de control 
(Stenlid et al. 2011). Por ejemplo, el hongo Heterobasidion annosum s. l. que provoca la pudrición 
de la raíz en bosques de píceas, provoca unas pérdidas anuales en el sector forestal europeo de 790 
millones de euros (Woodward et al. 1998). En los EE.UU., las enfermedades y plagas de los árboles 
son la principal causa de pérdidas de madera cada año. Además, las plagas y enfermedades 
tienen consecuencias ambientales ya que pueden alterar el equilibrio dentro de ecosistemas 
completos al modificar los procesos de secuestro de carbono (Peltzer et al. ) y ciclos de nitrógeno 
(Lovett et al. 2010). Sin embargo, los bosques son fundamentales para la biodiversidad que 
albergan, y no solo para su productividad. Aunque los bosques nativos están adaptados a algún nivel 
de perturbación, todos los bosques se enfrentan ahora a nuevas amenazas como el cambio climático, 
plagas de especies invasoras y sus interacciones.  

La sanidad forestal requiere una comprensión 
del medio ambiente, de la interacción del 
huésped y el patógeno/plaga, así como la 
biología y ecología de los patógenos y los 
insectos (Manion, 1981; Rizzo et al., 2005). La 
conversión de un bosque saludable a otro no 
saludable es en ocasiones muy inestable y su 
recuperación puede durar décadas (Fig 1a, 1b) 
(Trumbore et al. 2015). Las acciones para 
luchar contra las perturbaciones biológicas del 
bosque se pueden definir en una escala 
temporal, en función de si se realizan antes de 
que llegue la amenaza, durante, o una vez 
establecida (Tabla 1, Fig 2). 
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Fig 1a: Escalas de tiempo de recuperación para diferentes funciones forestales después de una perturbación. Fig 1b: 
Representación esquemática de los cambios en la salud de los bosques en función del estrés de los árboles y los 
disturbios. (De Trumbore et al., 2015, Science). 

1A 1B

Fig 2 Etapas de invasión biológica a lo largo de la “curva de invasión”. 
(Fuente: Extensión IFAS de la Universidad de Florida. Adaptado del 
Marco de políticas de plantas y animales invasores, Estado de Victoria, 
Departamento de Industrias Primarias, 2010).



Actions Definition Practice

Avoidance

Avoid the contact 

between the pathogen 

and the host.

Planting in areas where the disease is not present or the 
environment does not favor disease development. 

Selection of planting sites at some distance from infested 
plantations. 

Avoid planting susceptible species.
Timing management activities to avoid having susceptible 

trees or tissues during disease infection periods.
Reduce the source of inoculum: pruning, host elimination.

Exclusion Keep out a disease from 
an area.

Quarantine, inspection and certification of commercial 
plants.

Use of pathogen-free material when restoring a new area.

Eradication Total removal of the 
disease from a site.

Cutting and removing all infected trees. 
Only in nurseries with chemicals or biological products.

Treatments



Actions Definition Practice

Protection
Application of a substance or 
technique to protect a plant.
Prevent the infection.

Applications of fungicides.
Mycorrhizae and fertilizers.
Thinning, pruning lower branches.

Resistance
A resistant phenotype reduces 
the growth, reproduction and/or 
activity of the pathogen.

Found genetic resistance in a population.
Selective breeding: select resistant 
species/individuals/provenances.

Improve the resistance of the host: 
induced resistance

Therapy Cure the plants after they have 
become diseased.

Treat with chemicals/biological products 
or heat.

Remove diseased branches/pruning



Integrated Pest Management



Management strategies for Phytophthora diseases

• Protection: Fungicides- 
Agricultural Plantations. 

• Protection: Phosphite 
treatments. 

• Resistance: find resistant 
individuals/microbiome. 

• Avoidance: Prevention & 
Containment Biosecurity: Stop the 
spread 

• Postponing activities in the forest 
in wet conditions.
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MINIMIZING THE SPREAD!!



National Parks
South Australia

National Parks
South Australia

Bushwalking guidelines
to prevent Phytophthora cinnamomi

FACT SHEET    2017

Phytophthora cinnamomi (pronounced fy-TOFF-thora). Also known as PC or 
root-rot fungus is killing our native plants and threatens the survival of animals 
depending on plants for food and shelter. This introduced fungus can be found 
in plant roots, soil and water. Bushwalkers can spread Phytophthora by allowing 
moist soil and plant material to stick to footwear.

Help stop the spread by complying with these guidelines:

 » clean your boots before you leave 
home 

 » park your car in designated car parks 
only

 » keep to designated roads and walking 
trails at all times

 » use hygiene stations where provided

 » clean your boots when you !nish your 
walk. Don’t take boots or shoes home 
to clean. 

How to keep your footwear clean:
Bushwalkers are encouraged to carry a 
hygiene kit in their backpacks to keep 
footwear clean.

A ‘hygiene kit’ should contain:
 » hard brush to clean footwear

 » spray bottle of disinfectant
 › methylated spirits (undiluted) or
 › household bleach (diluted 1 part of 
bleach with 4 parts of water).

Vegetation affected by Phytophthora cinnamomi.

Hard brush for cleaning.
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Cleaning procedure:
1. if a hygiene station isn’t located on 

your walk, select a hard, well drained 
site for boot cleaning

2. remove all soil and plant material from 
one boot at a time using the brush

3. disinfect the entire sole using the 
spray bottle before placing the boot 
on the ground

4. allow the sole of the boot to dry for 
approximately one minute

5. step forward to avoid 
re-contaminating your footwear

6. repeat steps two to six for the other 
boot 

7. !nish by disinfecting the brush.

Thank you for helping stop the spread of Phytophthora cinnamomi.

For further information on Phytophthora cinnamomi please contact:
Natural Resources Kangaroo Island
Phone:  (08) 8553 4444
Visit:  37 Dauncey Street, Kingscote
Website:  www.naturalresources.sa.gov.au/kangarooisland
Find us on 

Hygiene station.

Bushwalking in healthy vegetation.
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Fig. 12  Marker sign  
(Courtesy Adelaide Hills Council) 

 

Fig. 11 Management sign – Hygiene Station 
(Courtesy DEH)  31

 
 
 
 
 

 

Fig. 10 Management sign – Restricted Access 
(Courtesy DEH) 

Fig. 9  Management sign – Prohibited area 
(Courtesy City of Playford) 
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Identification of Phytophthora resistant beech trees by composition of endophyte communities, lesion 
formation and phenomics approaches

Carmen Romeralo & Johanna Witzell 



FUNGAL COMMUNITIES ILLUMINA-ITS



Co-culture  

tests
Eco-Plates

Characterization

Antagonisms observed



To characterize tissue and cell level responses in beech infected by 
Phytophthora and related endophytes

Confocal Microscopy Microbial communities



Monitor disease progression and host responses by the use of 
phenotyping





New Zealand: https://www.youtube.com/watch?v=8uz8ocAYUKA (2 min) 

https://www.youtube.com/watch?v=7cJIOqvuG7g (3 min) (Kids Film) 

Australia: https://www.youtube.com/watch?v=TYHK71YwjnI (2min) 

https://www.youtube.com/watch?v=StP-KEGg6-0 (12 min) 

https://www.youtube.com/watch?v=8uz8ocAYUKA
https://www.youtube.com/watch?v=7cJIOqvuG7g
https://www.youtube.com/watch?v=TYHK71YwjnI
https://www.youtube.com/watch?v=StP-KEGg6-0


Thanks for your attention!




