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Major ash species in Europe

Caudulloet al.(2017)
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While the ranges of ash species overlap in Eurépexcelsiols dominant.




excelsioran important tree in Europe

Fraxinus excelsior

Tol (4300061 $226)

Fan (+3000810T900 1
of socretar) o3
Mere ormaton Lpdstes
and other mape

www tutscgen oty

_—

L] LJ L} T
This distribution map, showing the natural distribution area of Fraxinus excelsior, was compiled by members of the EUFORGEN Networks

Ciation: Distribution map of C ash (Fraxinus excelsior ) EUFORGEN 2009, www.euforgen.org.

First published online in 2003 - Updated on 23 Feb 2010

SourceZelimirBorzan
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F. excelsioran important tree in Europe

Source: Wikipedia
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The European ash-(axinusexcelsio

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

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

In Germany, it is estimated that it compris2dl% of forest area
(250,000 ha), or 74.7 million solid cubic meters (2001/2002).




F. excelsiaas a cultural legacy

In Norse mythology, ash was tlvee of life, Yggdrasil, = = =
which harboured all the life in the universe. Moreover-’b g@g;@em
the first human was created from ash wood by Oden. ‘ %% & 9
A Often appears in old literature, artwork and poet 0‘?
Al Aau2NAOItt & dz&aSR F2NJ mﬁhréJﬁaféézz 6K
A Popular ornamental tree (parks, gardens, hedges) actions and decisions.

Yggdrasil Hurley stick, hurling ball

Sources: Friedrich Wilhelm Heine (1886)ps://www.theashproject.org.uky University of KenDr. PeterWollauer 5



https://www.theashproject.org.uk/

AAsh trees are found in on marginal lands
U Calcareous soils, floodplain forests and ravine fores

A Therefore, provides important ecosystem services
U Especially in already compromised flood plain fores

AThere are> 1000 known associated species
Aapprox. 150 are obligate or high&gsociated species
AlKSaS aLISOASA Ay Of dzRS ?r
AX | & Q’Jétt 14 s22R YAOSI
AX I YR GKS &aEuphyNdySsnatuidd) O A €

. Euphydryas maturna
Mitchell et al.(2014);Hultberget al. (2020) Source: Wikipedia




“8 Tree characteristics

ARelatively fast growing

AHigh regeneration potential
ADrought resistant (climate change)

~ Wood as a commercial material

AExcellent wood properties (hard but elastic)

ACommonly used for tool handles, high quality furniture
sports equipment, musical instruments, veneer, floorin

2)

Source: Rozsypalek al. (2017)




devastating disease

Images of crown defoliation and crown dieback in mature ash tiees<(nusxcelsio
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New devastating disease
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Necrotic lesion on stem of saplings (A,@grview of differently developed collar
necroses on investigated stem discs (a, b, ¢, d, e)stmd collar necrosis / rot (d)

Sources from the lefKirisitset al. (2012); Enderlet al. (2017); Langeet al. (2022)



Spread of Disease In Europe
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The disease was first detected in Europe in 1992 in PoEmel year when ash dieback was
observed is given for each countmy.blue: The natural range 6t excelsiof© EUFORGEN).
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Confirmed ash dieback infection sites since first detection in 2012
Guardian graphic. Source: Forestry Commission

The disease spread rapidly across Europe
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Confirmed ash dieback infection sites since first detection in 2012
Guardian graphic. Source: Forestry Commission

The disease spread rapidly across Europe
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What Is causal agent of the disease? '
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AlIn 2006, the anamorph (asexual reproductive stage)
IS identified and name@halarafraxineasp.nov.
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Source: Rasmus Enderle

AHowever| @lbidusis widespread in Europe, had
neverbeen reported to be pathogenic in plants

SourceBaralet al: (2014)
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AH.pseudoalbidugxhibits adistinct morphology mating
systemand isgenetically divergenfrom H.albidus

-6 ps@udoalbiduss classified as a separate species

 AlIn 2014, it was renamed &symenoscyphus fraxineus
o \ ,"
N
Source: Rasmus Enderle / N
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Introduction of an exotic fungus

Manchurian ashK.mandshuricdis host to a saprotrophic fungus, callddfraxineus

Russia

Mongolia

> iyort Krea

South

Y

Natural distribution ofF.mandshurican Asia (see shaded area) = Manchurian ashK.mandshurici

Source (left): Cleargt al. (2016);Baralet al. (2014) Source (right)NetPSPlant Finder 15



Introduction of an exotic fungus

High genetic diversity of fungus in Asia Founder effect | Genetic bottlenecK
\/

Small number of
Individuals are
transferred

ussia

® ® New population
S o | has alow
o @ Jgenetic diversity

Taiﬁm
"4

. Source: Clbargt al.(2016)

The invasion was founded Ibyo divergent individuals (McMullaet al. 2018)
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Introduction of an exotic fungus

Globilisation Plant trade

Saprotrophic fungus Host jump to naive host

BT TR

»

urce Baralet al. (2014)

/Source: Rasmus'E ndeds

H. fraxineus European ashH. excelsior

Rosenfeld Images Ltd

It is possibly introduced inursery stock of Manchurian asinom Asia into Europe.
Successfully colonises the European &slexcelsigra novel and naive host in Europe
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Symptoms

SourcesKirisitset al. (2012); Enderlet al. (2017); Langeet al. (2022);AndrinGross; Lewis White
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leaflet

Life cycle oH. fraxineus

__fungus grows
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Sources (clockwise from top left): Lizzie Harper (20B43gas¢2023); Hannekemme(2019) 19



THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Summary

[ Loss of genetic diversi[} [ New environmentalrange ] [ Novel host specie§
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O This distribution map, showing the natural distribution area of Fraxinus excelsior, was compiled by members of the EUFORGEN Networks
\ / \ / Chtation: Distribution map of Common ash (Fraxinus excelsior ) EUFORGEN 2009, www.euforgen.org.

First published online in 2003 -  Updated on 23 Feb 2010

Asia Europe e Source: Wikipedia s
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The Disease Triangle

An epidemic requires:

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

->H. fraxineus

A(ii) an accumulation of susceptible host
-> Europeanash

A(iii) suitable environmental conditions
for the pathogen
-> Central Europe

Host

Pathogen

Environment

Source: https://www.ncforestservice.gov/
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The Disease Triangle

An epidemic requires:

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

->H. fraxineus

—JKi

Host

Pathogen

Environment

Source: https://www.ncforestservice.gov/

22



THE PATHOGEN THE HOST TREE THE ENVIRONMENT -

Genetic diversity dfl. fraxineus

Grosset al. (2014)
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Genetic diversity is higher in Japan than in Europe, as expected @aisz014).
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THE PATHOGEN THE HOST TREE THE ENVIRONMENT .

] n n n _j Ki
Genetic diversity dfl. fraxineus
Grosset al. (2014)
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A Genetic diversity of the fungus whsv in Poland, where the disease was first detected
A From there, the genetic diversity increased slightly in a westwards direction
A But, it wasalso lower at the epidemic's fronin Switzerland (CH).
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THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Genetic diversity dfl. fraxineus

A Grosset al.(2014)
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No evident population structure was found in Europe (Geiss.2014).
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THE PATHOGEN

THE HOST TREE THE ENVIRONMENT -

Virulence oH. fraxineus
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D S . Lygiset al. (2016)
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B Black bars show isolates from fallen ash leaf petioles
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THE PATHOGEN THE HOST TREE THE ENVIRONMENT

Virulence oH. fraxineus :

o
Many plant pathogens use toxins to attack host cells "

AViridiol has phytotoxic effects on ash seedlings
U However, high production is also observed in ngathogenicl @lbidus

viridiol

A Polyphenoloxidaseare involved in lignin degradation during infection
U However, the same is true for the nepathogenicl @bidus

On susceptible exotic hosts the necrotrophic behaviour is seemingly accentuated.
U The mechanism driving this shift in behaviour is still unknown.

Anderssor§ (. (20502013); Grads . (209); Junkes (i . (2013);Baldrian(2006); Mayer and Staplé8002); MetzlelS (. (2012); Schumacher (20189

https://www.biomol.com/de/



The Disease Triangle

An epidemic requires:

A(ii) an accumulation of susceptible host
-> Europeanash

Host

Pathogen

Environment

Source: https://www.ncforestservice.gov/
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I +crosTTReE I —iKG
Susceptibility of the hodE excelsior "

The European ashas 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 genotypé

U approx.95% of trees are considered susceptible SIS
showing significant symptoms and mortality =~ g 24

Source: Wikipedi
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BN tHEHosTTREE NN 1K
Susceptibility of the hodE excelsior ’

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

(a) (b) Cockeret al.(2019)

pD

00 02 04 06 08 10

0 5 10 15 20 25 30
Years ADB exposure

(a) Geographical distribution of woodlands (larger sampling marked blue, fewer trees in yellow).
(b) Logistical model for mortality of woodland ash trep®(proportion of dead trees) over time.
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IR, TrerosTTREE N iK
Susceptibility of Novel Host

Tree Characteristics

Host species X F. excelsigrcompared ta~.angustifolia
Gender X YIS GNBSa

Age X @& 2 daged S NJ

Diameterat breast height (DBH) X GNBSa DBHK

Crown surface projection X GNBSa gAGK

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

——

. Ll ) :
s e S o

Source: Wikipedig

Enderleet al.(2019)



IEEEAEOCENNN t-EHosTTREE  EEEENNIRONNEN
Case study in Switzerland

Crown loss Is
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Case study in Switzerland

Mortality Is also higher in trees with a small DBH

All trees Big trees (>=26cm DBH) Small trees (<26cm DBH)
30 A B C — Ash — 3.0
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— with ADB

2.0+ > 195

Annual mortality rate (%)

2010 2014 2018 2010 2012 2014 2016 2018 2010 2014 2018

Year Year Year

Annual mortality rate (%)

- Klesseet al.(2021) 35
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Susceptibility of Novel Host

Tree Characteristics

Phenology in spring X LINE Fedr€siaged(flushind
Leaf senescencééafshedding in autumn X aKSRRAyYy3 f S|

o .
s R i

Source: Wikipedi

Enderleet al.(2019) 36



____ THEHosTTREE

Susceptibility of Novel Host

Site and Environmental Conditions

Stand species composition

Stand composition (shaded vs. open)
Altitude

Temperature

Moisture, humidity

Soiltype

X X X X X X
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Enderleet al.(2019)
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Crown Defoliation
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Crown Defoliation
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Red sandstone

Clayrich, heavy soils
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Calcareous, shallow solls

Ravine forests

Crown defoliation

Glacial, often wet

A Trees weréhealthiestin north-east

A Healthiest trees were on drier sites
INn north-east on heavy, clagich soils

| A Severe defoliation was found on the
floodplains or watefinfluenced sites

A The tested factors did not have a
significant influence in this study

Enderleet al.(2018)
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Root Collar Necroses

Sources: Enderlet al. (2017, 2018); Langet al. (2022)
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