
Dieback of Fraxinus in Europe: 
the hunt for a “Secret Agent” 

Rimvys Vasaitis  
Swedish University of Agricultural Sciences 



The Team 
Remis Bakys  

Pia Barklund  

Vaidas Lygis 

Katarina Ihrmark 

Stina Johansson 

Jan Stenlid 

 

 

Department of Forest Mycology & Pathology, Swedish University of 
Agricultural Sciences, Uppsala 



 
 
Contents 
 
1. The Phenomenon 
 
2. Role of Armillaria 
 
3. Identification of the Pathogen  
 
4. Mitigation 
 
 
 



Completely new phenomenon, initially 
nothing at all was known 



o  Lethal disease of Fraxinus 

o  Start in Poland and Lithuania, problem since early 
1990s 

o  Large proportion of stands damaged (60-80%) 

o  In some areas <2% trees remaining symptomless  

o  Massive tree dieback in Europe 

o  Threat for the existence of host tree species 

History & current situation 



Symptoms & Environment 

Ø Root and butt rot   
 

Ø Crown dieback  

Ø No correlation with tree age, soil 
(moisture & fertility), environment 
(forest, urban, nursery, roadside …) 

Ø First wild guess: Armillaria, as it is 
everywhere (but why?) 

Ø    







Root and butt rot 





Yes, Armillaria 
rot 

Enderle R, Sander F,   
Metzler B (2017) 
i-Forest (in press) 

… but what’s 
ahead, killing 
cambium ? 
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… but Armillaria is present everywhere across 
Europe (and globally) for thousands of years, thus 
observed gradual stepwise disease expansion in a 
tidy frontline over large geographic range 
indicated that there must be something new 
coming … 
 
 
 … also very diverse symptoms that cannot be 
attributed to Armillaria 
 
 



 Nevertheless, checking 
impact of Armillaria: impact 
of root & butt rot on ash 
dieback intensity 



The questions 

•  What fungi decay root systems? 

•  Are they the primary cause of tree 
death? 

•  Root rot and eventual future self-
regeneration 



- extent of dieback: weak (<25% 
of crown), moderate (<50%), 
severe (<75%), dead tree (100%) 

- trees cut, root systems 
excavated: estimated extent of 
decay in stump, stem base & roots 



•  Severity of the dieback positively 
correlated with: 

 
–  amount of decayed roots (r = 0.86); 
–  extent of decay over stump cross-section 
(r = 0.87); 

–  length of decay at stem base (r = 0.57) 



The work 

•  Mapping of trees to be sampled: healthy, 
declining and dead 

•  Sampling of wood and fungi   

•  Isolation to pure cultures and identification 

•  Vegetative compatibility tests: determining 
pathways of fungal individuals 







Results of isolation & identification 

352 isolates from a total 
of 210 trees 

75 distinct species, 60 
(80%) of which identified 

20 spp. of 
basidiomycetes 

 

51 spp. of 
asco- and 

deuteromycetes 

4 spp. of 
zygomycetes 

pure culture 



Species 
 

 Tree condition  
Sound Declining  Dead  All 210 

Armillaria cepistipes 46.7 37.9 46.0 41.0 
Bjerkandera adusta 6.7 0.0 0.0 0.5 
Ceratobasidium sp.908 0.0 0.8 0.0 0.5 
Coprinus disseminatus 0.0 0.8 0.0 0.5 
Fomitopsis pinicola 0.0 0.0 3.2 1.0 
Ganoderma applanatum 0.0 0.8 0.0 0.5 
Gloeoporus taxicola 0.0 0.0 1.6 0.5 
Mycena sp.915 0.0 0.0 1.6 0.5 
Mycoacia uda  0.0 1.5 0.0 1.0 
Peniophora cinerea 0.0 0.8 0.0 0.5 
Peniophora limitata  0.0 1.5 0.0 1.0 
Phlebia rufa 0.0 0.8 0.0 0.5 
Phlebia sp.964 0.0 0.0 1.6 0.5 
Psathyrella candolleana 0.0 0.8 0.0 0.5 
Resinicium bicolor 0.0 0.0 1.6 0.5 
Steccherinum sp.912 0.0 0.8 1.6 1.0 
Trametes hirsuta 6.7 0.0 0.0 0.5 

Basidiomycetes – active decomposers of wood in roots and stem  



Anamorphic fungi – a seldom cause of wood decay (endophytes, 
necrotrophs, saprotrophs)  

Species 
 

Tree condition 
Sound Declining Dead  All 210  

Ascocoryne sarcoides 0 4.5 11.1 6.2 
Botryosphaeria stevensii 0 2.3 4.8 2.9 
Cladosporium magnusianum  0 0.8 1.6 1.0 
Hymenoscyphus sp.970* 6.7 3.8 0 2.9 
Leptodontidium elatius   0 10.6 11.1 10.0 
Nectria haematococca 0 2.3 0 1.4 
Nectria radicicola  0 3.0 6.3 3.8 
Nectria viridescens  13.3 4.5 3.2 4.8 
Phialophora fastigiata  6.7 0.8 0 1.0 
Phialophora malorum aggreg.  13.3 3.8 9.5 6.2 
Phoma exigua 0 0.8 0 0.5 
Xylaria sp.920 0 0.8 1.6 1.0 

* slow grower in culture 



Dominant fungus, - 
Armillaria cepistipes: 
 
o  rhizomorphs on 100% trees 
o  mycelial fans on 98% trees 
o  isolated from 55% trees* 

 

A. cepistipes, facts: 
o  oportunistic fungus 

o  weak pathogen 

o  in historical sources, noted as very seldom fruiting on Fraxinus* 
*in monograph by Sokolov (1964), Fraxinus is not listed as the host 

for Armillaria, although the records are provided for several 
hundred other plant species   



Rhizomorphs:  

robust mycelial structures 
enabling the fungus for 
independent growth throughout 
soil 

USDA Forest Service 

Implications: 
-  single Armillaria genet can invade 
several trees 
-  occupying discrete teritory 

-  fungal territorial clones 

-  informative in regard to disease 
history and pathways of infection in 
a given forest stand 



•  Spread of Armillaria in declining 
Fraxinus excelsior stands 

•  Investigating local population structures 

•  Vegetative compatibility tests: self / 
non-self recognition of fungal individuals  
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Conclusions & implications 

1. High diversity of fungi  

 

2. Armillaria NOT a primary agent, - its 
individuals in the sites much older than the 
decline 

 

3. Common cause of butt decay in live 
(declining) trees – contributes to the decline 
 



…again, a closer look to the symptoms … 

? 

Enderle R, Sander F, Metzler B (2017), i-Forest (in 
press) 



Yes, Armillaria 
rot 

Enderle R, Sander F,   
Metzler B (2017) 
i-Forest (in press) 

… but what’s 
ahead, killing 
cambium ? 

? 



 … yet apart root & butt rot also very 
diverse other symptoms that cannot be 
attributed to Armillaria 
 
 
 



yet many more & 
different external 
symptoms: 

 

on shoots …  



necrotic bark & dead cambium 



small ”eye-like” wounds 

necrotic tops 



bigger bark wounds 



canker wounds 



symptoms on leaves 

wilt 



necrotic leaves & petioles 



•  Sprouting is weaker from decayed root systems & stumps 
  
•  Eventual sprouts repeatedly and heavily attacked by 

”crown fungi” 



… but then what is the identity of the 
“Secret Agent”, and where does it come 
from? 



Attention to declining crowns: crown dieback 



 
The questions: 

 1. What fungi do attack declining 
crowns? 
 

2. Which of them is/are the dieback 
agent(s)? 



1.  Fungal isolations into pure culture 

2.  Identification of the cultures by ITS 
rDNA sequencing and by morphology   

3.  Direct analyses of fungal DNA (T-RFLP) 
from bark and leaves 

  
 (certain fungi are difficult to isolate on artificial media, in 
particular biotrophs) 

The work: three different 
methods  



Fungal isolations 

1st study: flame sterilization 
•  symptomless bark & wood (58 samples) 
•  bark & wood with initial necrosis (58) 
•  bark & wood with advanced necrosis (58) 

2nd study: sodium hypochlorite sterilization 
•  small eye-like bark wounds (60) 
•  bigger bark wounds (45) 
•  stem cankers (30) 
•  symptomless petioles (40) 
•  necrotic petioles (45) 



Flame sterilization; 200 isolates, 36 
spp.; most common known fungi: 

•  Gibberella avenacea 
•  Alternaria alternata 
•  Epiccocum nigrum 
•  Lewia sp.924 
•  Botryosphaeria stevensii 
•  Phomopsis sp.R57 
•  Phoma glomerata 
•  Cladosporium tenuissinum 
 
Przybył (2002) 
Zaspel & Nirenberg (2002)  
Kowalski & Łukomska (2005) 
Lygis et al. (2005) 

+ Hymenoscyphus sp.970 (seldom)  
slow grower that was also occasionally isolated 
from stems during Armillaria work 



2nd study: sodium hypochlorite sterilization 
Hymenoscyphus sp.970 

dominant in: 
•  small ”eye-like” wounds: 16 out of 60 samples, or 27%  



•  bigger bark wounds:  
11 out of 45 samples,  or 28% 

Hymenoscyphus sp.970 
dominant in: 
 



•  stem cankers: 28 out of 30 samples,  or 93% 

Hymenoscyphus sp.970 - dominant in: 
 



•  non-symptomatic petioles: 12 out of 40 samples,  or 30% 
Hymenoscyphus sp.970 - dominant in: 

latent infections 



•  necrotic petioles: 41 out of 45 samples,  or 91% 
Hymenoscyphus sp.970 - dominant in: 



Infections 

•  universal colonizer 

•  occurs in physiologically, biochemically 
and physically different plant tissues 

•  e.g. leaves, petioles, bark, wood 

 

 



•  necrotic bark (32 samples) 
•  necrotic petioles (32) 
•  necrotic leaves (32) 

•  revealed presence of 27 fungal species 
•  up to 12 spp. per sample, e.g.: 

•  5 × 5 mm piece of bark 
•  7 - 10 mm long petiole 
•  1 cm2 of leaf 

3. Direct DNA analyses from 
diseased tissue (T-RFLP) 



Direct analyses (T-RFLP), % of 
samples 

Fungi (in 34-70% of all 96 samples) bark petioles leaves 
Cryptococcus foliicola ?  48 63 100 
Cryptococcus sp. ? 38 72 93 
Hymenoscyphus sp.970 41 97 39 
Phoma glomerata 76 13 71 
Phoma exigua 66 13 68 
Cladosporium sp. 38 28 79 
Dioszegia sp. 31 28 54 
Bullera coprosmaensis 17 34 54 
Chalara sp. ? 28 56 14 



Pathogenicity tests 

-  45 fungal species from crowns, 
stems and roots of declining trees 

 

-  700 one-year-old Fraxinus 
excelsior seedlings 

- bare root nursery and greenhouse 
 



Pieces of pre-colonized wood 
(1x1x5 mm) … 

… taped to a 1x5 mm wound. 



The only one of those causing symptoms: 
 

Hymenoscyphus sp. 970 !!! 



The test with 
Hymenoscyphus sp.970 





Koch’s postulates 

•  Inoculation with a test species 
•  Yielding similar symptoms 
•  Reisolation of the test species from 

obtained symptoms 
•  Proof that reisolated strain is identical 

to the inoculated one (e.g. vegetative 
compatibility test) 



The identity of 
Hymenoscyphus sp.

970? 
… so what 
species is it, and 
where does it 
come from? 



Then, 
described 
as a new 
species 



Phialophores and conidia: 
(asexual spores implying clonality) 

Kowalski (2006) Forest 
Pathology 



Afterwards  
matched to 
teleomorph: 

Hymenoscyphus 
albidus 



Ascospores: sexual 
spores implying high 
genetic diversity 

Kowalski & Holdenrieder 
(2009) 

Forest Pathology 



 So, was the mystery of Fraxinus 
dieback solved? 



 So, was the mystery of Fraxinus 
dieback solved? 

 
 NO! 



 So, was the mystery of Fraxinus 
dieback solved? 

 
 NO! 

First, two interesting moments: 
1) ecology of the fungus 
2) geographic pattern of the decline 



Ecology of H. albidus : a BIG surprise  

•  Indigenous, common and widespread 
fungus in Europe 

•  Known for over 100 years 

•  Saprotroph, decomposing petioles of 
shed Fraxinus leaves in tree litter 



… therefore many Colleagues 
just refused to accept this 

identity, FLAT 



… moreover, stepwise geographic spread 
of Fraxinus dieback throughout 
Europe: strongly suggested 
invasiveness 

  



Puzzle of identity was then 
remaining 

•  invasive hybrid? 

•  invasive cryptic species? (morphologically 
indistinguishable, but genetically different) 

•  invasive mutant? (also) 

•  climate that chenged behaviour? 
 



Or? 

•  indeed, indigenous oportunistic 
saprotroph (e.g., as Armillaria) 

•  Then, what factors trigger its pathogenicity, 
or host tree susceptibility, or both? 

•  Impact of climatic factors on disease 
development?  

•  Why the dieback spreads in all geographic 
directions, but not along climatic gradient? 

•  Why against the direction of prevailing winds? 



… but in the meantime Japanese 
mycologists ITS-sequenced their native 

decomposer of leaves of Fraxinus 
mandschurica… 

 
… and it was 100% match!!! 

… with their described Libertella 
fraxinea  

 
 



o Origin: Far East Asia 

o Ecology: in native environment, (harmless) 
decomposer of shed ash leaves  

 

o Identity: Chalara fraxinea / 
Hymenoscyphus fraxineus (to date called 4 names) 

o Entrance to EU: imported plants for 
planting  

o Spread: plant material & airborne spores 
(flying far)  

o Genetic diversity in EU: not too high, 
indicating few entries 

 



Airborne spread 

39 second long thriller by  
Prof. Thomas Kirisits 



Practical forestry 

•  what to do with diseased trees and stands?  

•  could the extent of the dieback be minimized 
by certain silvicultural practices (e.g. 
thinnings or sanitary felling) 

•  or even: does it make sense to grow ash at all? 



Breeding for resistance: a posibility? 

•  Evaluations of clonal seed orchards of ash and 
progeny trials provide strong evidence for 
genetic variation in resistance 

•  The potential may be available for breeding 
for resistance 

  
•  Investigating how the initially observed 

variation between ash clones and progenies 
evolve over time  



Tree genotypes differ in susceptibility  



Different susceptibility of F. excelsior 
genotypes 

Stener (2007): 

-  15 yr-old clonal seed 
orchard 

-  100 clones 

-  6-29 (aver. 17) ramets 
per clone  



Perspectives: Breeding Ash 

•  Trials initiated approx. 10 yrs ago 
 
•  Inventory & mapping of healthy looking trees 

•  Following ”durability” of resistance over time 
 
•  Progeny trials & propagation 

•  Establishment of seed orchards / banks of 
dieback-resistant ash 
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