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Foliar pathogens
Leaf epiphytes feeding on exudates

Leaf endophytes

Saprotrophs performing 
natural pruning of non-
functional branches

Saprotrophs decaying 
woody roots

Mycorrhizalfungi

Saprotrophs causing heart-rot 
(top rot)

Pathogens of woody roots

Saprotrophs of dead leaves

Saprotrophs of dead twigs

Pathogens of fine roots

Wound colonisers

Epiphytic lichens

Bark-killing, canker-causing fungi

Fungi causing heart-rot (butt rot)

Endophytes of roots

Latent fungi in functional 
sapwood

Tree holobiont



Trunk cross section

Seedling to early mature Full ςlate mature Early ancient Mid ancient Late ancientLife stage

Trunk ring width
Increases in early 
years, then 
decreases, then 
becomes constant

Current annual 
increment (CAI) Increases

Decreases

Constant

Decreases

Decreases

Decreases
Minimum 
sustainable

Active in local 
regions of re-
iterative growth

Can remain 
active in 
individual trunk 
columns

Apical dominance Dominant Lower functional units are 
free of dominance

Branch system operates in 
functional units

Growth/dieback
/decay balance

Minimal 
dysfunctional 
tissue

Dysfunctional limbs/twigs 
due to shading, natural 
pruning

Crown starts to 
retrench; increased 
lower canopy growth; 
branch decay and 
heart-rot

Advanced crown 
retrenchment; 
branch dieback; 
branch breakage 
and epicormic
growth; heart-
rot

Dominated by 
decay of trunks 
and woody roots; 
tree may die or 
rejuvenate as 
phoenix growth
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Colonization strategies

1. Heart rots 

2. Active pathogenesis

3. Unspecialized opportunism - wound colonizers

4.  Specialized opportunism ςlatency

5.  Secondary colonizers
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Heart rot: Importance
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HericiumerinaceusHericiumcoralloides

Safety

Nutrient cycling

Fungal habitat

Vertebrate habitat: 1000 birds and 

mammals worldwide

Invertebrate habitat: 1700 spp. (6%) in 

UK; 15% rarest insects e.g. Violet 

Click Beetle Limoniscusviolaceus
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Buglossoporusquercinus
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A paradox?

ÅIn standing tree trunks most decay occurs in heartwood

ÅIn felled/fallen tree trunks most rapid decay occurs in 

sapwood



The paradox explained

Functional sapwood  v  Heartwood

ÅInhibitory chemicals

ÅLower water content

ÅVariable O2 /CO2 (but 

worse than ambient)

ÅC and nutrients 

available in wood cell 

walls

ÅLiving cells

ÅHigh water content

ÅLow O2

ÅHigh CO2

ÅLow nutrient 

availability



Heart-rot fungi: how do they establish in and 

leave standing trees?

Dead attached branches 
with heartwood

Dead attached branches 
with no heartwood
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Heart-rot fungi: how do they establish in and 

leave standing trees?
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Large wounds 
exposing heartwood



Heart-rot fungi: how do they establish in and 

leave standing trees?
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Echinodontiumtinctorium
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Embedded stubs of 
branchletscontaining 
established fungi



Heart-rot fungi: how do they establish in and 

leave standing trees?

Sapwood of roots

Mycelial cords and 
rhizomorphs

Root grafts
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spores land 
on wounds 
and freshly 
cut stumps

mycelial spread 
from colonised tree 
via root graft

mycelial spread 
from colonised 
stump via root graft

mycelial spread to 
sapling via root graft

stump of tree 
colonised 
before felling
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Heartrotfungi exhibit a range of selectivity
ÅExtremely selective

ÅStrongly selective for tree 
genera, but do occur on others

ÅWidely occurring

Laetiporussulphureus
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Fistulina hepatica
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Buglossoporus
quercinus
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Heart-rottersof oak

Armillariaspecies

Daedaleaquercina

Fistulinahepatica

Ganodermalucidum

Ganodermaresinaceum

Hericiumspecies

Laetiporussulphureus

Inonotusdryadeus

Perenniporafraxinea

Phellinus robustus

Stereumgausapatum



Trametesversicolor

Laetiporussulphureus

Ophiostomasp.

Peniophorasp.

Ascocorynesp.

Fistulinahepatica

Eutypellasp.
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Heart-rotters of beech

Armillariaspp.

Aurantiporusalborubescens

Bjerkanderaadusta

Fomesfomentarius

Fomitopsispinicola

Ganodermaapplanatum

G. adspersum, G. pfeifferi

Hericiumspp.

Heterobasidionannosum

Inonotuscuticularis

Laetiporussulphureus

Meripilusgiganteus

Oudemansiellamucida

Perenniporiafraxinea

Rigidoporusulmarius

Pholiotaspp.

Pleurotusostreatus

Podoscyphamultizonata
Polyporussquamosus
Spongipellisdelectans
Volvariellabombycina

Eutypaspinosa
Kretzschmariadeusta


