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Major ash species in Europe
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ÅEuropean Ash (F. excelsior)
ÅNarrow-leaved ash (F. angustifolia)
ÅManna/ flowering ash (F. ornus)

ÅExotic green ash (F. pennsylvanica)

Caudulloet al. (2017)

While the ranges of ash species overlap in Europe, F. excelsior is dominant.



F. excelsior - an important tree in Europe

Source: Zelimir Borzan
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F. excelsior - an important tree in Europe

Source: Wikipedia

The European ash (Fraxinus excelsior)

The European ash is an important tree in woodland, hedgerows, 
riverbanks, commercial forestry and urban areas.

It was the second or third most frequent deciduous tree species 
in Central Europe., accounting for approx. 1% of the forests

In Germany, it is estimated that it comprised 2.4% of forest area 
(250,000 ha), or 74.7 million solid cubic meters (2001/2002).
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F. excelsior as a cultural legacy

In Norse mythology, ash was thetree of life,Yggdrasil, 
which harboured all the life in the universe. Moreover, 
the first human was created from ash wood by Oden. 

Å Often appears in old literature, artwork and poetry
Å IƛǎǘƻǊƛŎŀƭƭȅ ǳǎŜŘ ŦƻǊ ǿŜŀǇƻƴǎΣ ǘƻƻƭǎΣ ŎŀǊǘ ǿƘŜŜƭǎΧ
Å Popular ornamental tree (parks, gardens, hedges)

άhƳŜƴǎέΣ ǿƘƛŎƘ ƎǳƛŘŜŘ 
actions and decisions.

Yggdrasil 
Hurley stick, hurling ball

Sources: Friedrich Wilhelm Heine (1886); https://www.theashproject.org.uk/; University of Kent; Dr. Peter Wöllauer 5
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F. excelsior as an ecological species

ÅAsh trees are found in on marginal lands

üCalcareous soils, floodplain forests and ravine forests

Å Therefore, provides important ecosystem services

üEspecially in already compromised flood plain forests

ÅThere are > 1000 known associated species 

Åapprox. 150 are obligate or highly-associated species

ÅǘƘŜǎŜ ǎǇŜŎƛŜǎ ƛƴŎƭǳŘŜ ŦǳƴƎƛΣ ƛƴǾŜǊǘŜōǊŀǘŜǎΣ ƭƛŎƘŜƴǎΧ

ÅΧ ŀǎ ǿŜƭƭ ŀǎ ǿƻƻŘ ƳƛŎŜΣ ǎǉǳƛǊǊŜƭǎΣ ōƛǊŘǎ ŀƴŘ ōŀǘǎΦΦΦ

ÅΧ ŀƴŘ ǘƘŜ ǎŎŀǊŎŜ ŦǊƛǘƛƭƭŀǊȅ όEuphydryasmaturna)

Euphydryas maturna
Source: WikipediaMitchell et al. (2014); Hultberg et al. (2020)
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F. excelsior as a commercial species

Tree characteristics
ÅRelatively fast growing
ÅHigh regeneration potential
ÅDrought resistant (climate change)

Wood as a commercial material 
ÅExcellent wood properties (hard but elastic)
ÅCommonly used for tool handles, high quality furniture, 

sports equipment, musical instruments, veneer, flooring

Source: Rozsypalek et al. (2017)

7



New devastating disease

Images of crown defoliation and crown dieback in mature ash trees (Fraxinus excelsior) 

Source: Langer et al. (2022) Source: Andrin Gross
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New devastating disease

Necrotic lesion on stem of saplings (A, B); overview of differently developed collar 
necroses on investigated stem discs (a, b, c, d, e); and stem collar necrosis / rot (d)

Sources from the left: Kirisits et al. (2012); Enderle et al. (2017); Langer et al. (2022) 9



Spread of Disease in Europe

The disease was first detected in Europe in 1992 in Poland. The year when ash dieback was 
observed is given for each country.In blue: The natural range of F. excelsior (© EUFORGEN).
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Marçais et al. (2022)
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The disease spread rapidly across Europe
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The disease spread rapidly across Europe

Rigling et al. (2016)Díaz-Yáñez et al. (2020)
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What is causal agent of the disease?

ÅIn 2006, the anamorph (asexual reproductive stage) 
is identified and named Chalara fraxinea sp. nov. 

ÅIn 2009, the teleomorph (sexual reproductive state) 
is tentatively identified asIȅƳŜƴƻǎŎȅǇƘǳǎalbidus.

ÅHowever,IΦalbidusis widespread in Europe, had 
never been reported to be pathogenic in plants.

Source: Rasmus Enderle

Source: Baral et al. (2014)
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What is causal agent of the disease?

ÅThen, reclassified as a cryptic species: H. pseudoalbidus

ÅH. pseudoalbidus exhibits a distinct morphology, mating 
system and is genetically divergent from H. albidus

            -Ҕ IΦpseudoalbidus is classified as a separate species

ÅIn 2014, it was renamed as Hymenoscyphus fraxineus

Source: Rasmus Enderle

Source: Baral et al. (2014)
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Introduction of an exotic fungus

Manchurian ash (F. mandshurica) is host to a saprotrophic fungus, called H. fraxineus 

Source (right): NetPS Plant FinderSource (left): Cleary et al. (2016); Baral et al. (2014)

Natural distribution ofF. mandshurica in Asia (see shaded area) Manchurian ash (F. mandshurica)
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High genetic diversity of fungus in Asia

Small number of 
individuals are 
transferred 

New population 
has a low 
genetic diversity

Founder effect 

Introduction of an exotic fungus

The invasion was founded by two divergent individuals (McMullan et al. 2018)

Genetic bottleneck

Source: Cleary et al. (2016)
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Introduction of an exotic fungus

H. fraxineus

It is possibly introduced in nursery stock of Manchurian ash from Asia into Europe. 
Successfully colonises the European ash (F. excelsior), a novel and naïve host in Europe.

Globilisation: Plant trade

Host jump to naïve host

European ash (F. excelsior)

Source: Baral et al. (2014) Source: Rasmus Enderle

Saprotrophic fungus
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Symptoms

Sources: Kirisits et al. (2012); Enderle et al. (2017); Langer et al. (2022); Andrin Gross; Lewis White
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Life cycle of H. fraxineus

stem

leaflet

rachis

petiole

lenticel

Sources (clockwise from top left): Lizzie Harper (2021); Teagasc (2023); Hannes Lemme (2019)

fruiting bodies on a fallen petiole 
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Europe

Summary

Novel host speciesNew environmental range

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Loss of genetic diversity

Asia

European ash

Source: Wikipedia
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The Disease Triangle

An epidemic requires: 

Å(i) a virulent pathogen with a high 
reproduction rate 

-> H. fraxineus

Å(ii) an accumulation of susceptible host   
-> European ash

Å(iii) suitable environmental conditions 
for the pathogen 

-> Central Europe
Source: https://www.ncforestservice.gov/
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Genetic diversity of H. fraxineus

Genetic diversity is higher in Japan than in Europe, as expected (Gross et al. 2014). 

JP - Japan

HR - Croatia 
DE - Germany
CH - Switzerland
CH - Switzerland

Gross et al. (2014) 

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Genetic diversity of H. fraxineus

ÅGenetic diversity of the fungus was low in Poland, where the disease was first detected
ÅFrom there, the genetic diversity increased slightly in a westwards direction 
ÅBut, it was also lower at the epidemic's front in Switzerland (CH). 

JP - Japan

HR - Croatia 
DE - Germany
PL - Poland
CH - Switzerland
CH - Switzerland

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Gross et al. (2014) 
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Genetic diversity of H. fraxineus

No evident population structure was found in Europe (Gross et al. 2014).

Gross et al. (2014)

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Virulence of H. fraxineus

Despite low genetic variation and high frequency of genetic admixture, 
ƭŀǊƎŜ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǾƛǊǳƭŜƴŎŜ ŀǊŜ ƻōǎŜǊǾŜŘ ƛƴ ƛƴŦŜŎǘƛƻƴ ŜȄǇŜǊƛƳŜƴǘǎΧ

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Gross et al. (2014) Gross et al. (2014)
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Virulence of H. fraxineus in Europe

Hatched bars show the mean lesion length for all the isolates combined.

Lygis et al. (2016)

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Virulence of H. fraxineus in Europe

White bars show isolates from necrotic bark lesions

Black bars show isolates from fallen ash leaf petioles

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Lygis et al. (2016)
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Virulence of H. fraxineus

Many plant pathogens use toxins to attack host cells 

ÅViridiol has phytotoxic effects on ash seedlings 

üHowever, high production is also observed in non-pathogenic IΦalbidus 

ÅPolyphenoloxidases are involved in lignin degradation during infection

üHowever, the same is true for the non-pathogenicIΦalbidus

On susceptible exotic hosts the necrotrophic behaviour is seemingly accentuated. 

üThe mechanism driving this shift in behaviour is still unknown.

AnderssonŜǘ ŀƭ. (2010,2013); GradŜǘ ŀƭ. (2009); JunkerŜǘ ŀƭ. (2013); Baldrian(2006); Mayer and Staples(2002); MetzlerŜǘ ŀƭ. (2012); Schumacher (2011)
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The Disease Triangle

An epidemic requires: 

Å(i) a virulent pathogen with a high 
reproduction rate 

-> H. fraxineus

Å(ii) an accumulation of susceptible host   
-> European ash

Å(iii) suitable environmental conditions 
for the pathogen 

-> Central Europe
Source: https://www.ncforestservice.gov/
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Susceptibility of the host, F. excelsior

The European ashwas the second or third most frequent deciduous tree 
species in Central Europe, accounting for approx. 1% of forests.

There is high susceptibility in European ash genotypes European ash

Source: Wikipedia

ü approx. 95% of trees are considered susceptible, 
showing significant symptoms and mortality

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Susceptibility of the host, F. excelsior

No site had 100% mortality, even after 20 years of disease presence. 

(a) Geographical distribution of woodlands (larger sampling marked blue, fewer trees in yellow). 
(b) Logistical model for mortality of woodland ash trees (pD, proportion of dead trees) over time.

Cocker et al. (2019)

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Individual Tree Characteristics {ȅƳǇǘƻƳǎ ŀǊŜ ƳƻǊŜ ǎŜǾŜǊŜΧ

Host species Χ F. excelsior, compared to F. angustifolia

Gender Χ ƳŀƭŜ ǘǊŜŜǎ

Age Χ ȅƻǳƴƎŜǊ trees

Diameter at breast height (DBH) Χ ǘǊŜŜǎ ǿƛǘƘ ǎƳŀƭƭŜǊ DBH

Crown surface projection Χ ǘǊŜŜǎ ǿƛǘƘ ǎƳŀƭƭŜǊ ŎǊƻǿƴǎ

Susceptibility of Novel Host
Tree Characteristics

Enderle et al. (2019)

European ash

Source: Wikipedia

Certain tree characteristics are associated with more 
severe symptoms in European ash trees 

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Case study in Switzerland

Klesse et al. (2021)

Crown loss is higher in trees with a small DBH

Less than 10%
More than 10%

Less than 10%

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Case study in Switzerland
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Mortality is also higher in trees with a small DBH

> 1%

< 0.5%

> 1.5%

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Klesse et al. (2021) 35
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Individual Tree Characteristics {ȅƳǇǘƻƳǎ ŀǊŜ ƳƻǊŜ ǎŜǾŜǊŜΧ

Phenology in spring Χ ǇǊƻŘǳŎƛƴƎ leaves later (flushing)

Leaf senescence/ leaf shedding in autumn Χ ǎƘŜŘŘƛƴƎ ƭŜŀǾŜǎ ƭŀǘŜǊ

European ash

Source: Wikipedia

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Susceptibility of Novel Host
Site and Environmental Conditions

Enderle et al. (2019)

Site and Environmental Conditions {ȅƳǇǘƻƳǎ ŀǊŜ ƳƻǊŜ ǎŜǾŜǊŜΧ

Stand species composition Χ ǇǳǊŜ ŀǎƘ ǎǘŀƴŘǎΣ plantations

Stand composition (shaded vs. open) Χ ǎƘŀŘŜŘ ŦƻǊŜǎǘŜŘ ǎƛǘŜǎ

Altitude Χ ƭƻǿŜǊ ŀƭǘƛǘǳŘŜ 

Temperature Χ ƭƻǿ ǘƻ ƳƻŘŜǊŀǘŜ ǘŜƳǇŜǊŀǘǳǊŜ

Moisture, humidity Χ ƳƻǊŜ ƘǳƳƛŘ ǎƛǘŜǎ

Soil type Χ ǳƴǎǇŜŎƛŦƛŜŘ

THE PATHOGEN THE HOST TREE THE ENVIRONMENT
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Crown Defoliation
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Source: Langer et al. (2022)

Enderle et al. (2018)

THE PATHOGEN THE HOST TREE THE ENVIRONMENT



Crown Defoliation

39

Red sandstone

Clay-rich, heavy soils

Glacial, often wet

Floodplains

Calcareous, shallow soils

Ravine forests

ÅTrees were healthiest in north-east

ÅHealthiest trees were on drier sites 
in north-east on heavy, clay-rich soils

ÅSevere defoliation was found on the 
floodplains or water-influenced sites

ÅThe tested factors did not have a 
significant influence in this study

THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Enderle et al. (2018) 39



Root Collar Necroses

Sources: Enderle et al. (2017, 2018); Langer et al. (2022) 
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