
Wood decay 



Wood decay is a common occurrence 
in conifers and deciduous trees 

•  Decay is a natural 
process caused by fungi 
that can affect the roots, 
sapwood, or heartwood of 
a tree  

•  Wood decay is an 
important process in 
forest ecosystems; it 
facilitates nutrient cycling 
and restores carbon in 
the carbon cycle 



Wood decay is generally caused by 
fungi in the basidiomycota 

•  You can see signs and 
symptoms of decay on 
living or dead trees 

•  Fruiting bodies are often 
seen growing on tree 
stems, branches or roots  

•  Decay fungi are 
opportunistic saprophytes 
that use wood as a 
substrate to obtain 
carbohydrates and 
nutrients 



Both deciduous and coniferous 
trees can be affected by decay 

•  Some decay fungi 
are generalists and 
can attack multiple 
tree species 

•  Other decay fungi 
are very specific and 
attack a single host 

Piptoporus betulinus 

Phellinus tremula 



Decay fungi require a point of 
entry to have access to wood 

•  Fire scars: could be 
most important in 
conifers of the west 

•  Wounds: broken tops, 
treefall scars, animal 
damage, logging 
scars, carving and 
hatchet marks 



Some decay fungi can penetrate 
healthy trees via branch stubs 

•  Fungus spores 
germinate and 
penetrate, form a small 
colony and remain 
dormant 

•  Tree bole grows around 
branch and fungus 
finds itself within the 
bole where it can 
colonize the dead 
heartwood 



Decay fungi spread mostly by 
producing abundant spores 

•  The fruiting bodies can 
produce spores for up 
to 6 months 

•  Up to 300 billion spores 
can be produced each 
day by some fruiting 
bodies 

•  The spores are picked 
up by wind and can 
spread over long 
distances 
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Decay fungi digest complex 
molecules within the wood 

•  Wood consists of: 
–  95%: cellulose, hemicellulose, lignin 
–  5%: pectins, starch, phenols, minerals 

•  Cellulose consists of long chains of sugar units 
attached end-to-end 

•  Cell walls composed of microfibrils, which are 
bundles or cellulose chains 
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Cellulose degradation is done by 
enzymes called cellulases 

Endo-cellulase 
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Exo-cellulase 

Glucose 

Exo-cellulase 
Exo-cellulase 



Lignin is a complex molecule that is 
extremely difficult to break down 

•  Phenyl polymer units are 
not linked in a simple, 
repeating way 

•  Degradation is NOT the 
reverse process 

•  Lignin is much more 
resistant than cellulose to 
enzymatic action 

•  Only a few enzymes (e.g. 
laccase and peroxidase) 
can degrade lignin 



Quick reference table to the 
characteristics of decay fungi 

Brown rot 

•  Mostly conifers 
•  Degrades cellulose, 

hemicellulose 
•  Dry, powdery, brown 

decay with cracks 
•  Drastic reduction in 

strength 
•  Rapid mode of action 

White rot 

•  Conifers and deciduous 
•  Degrades cellulose, 

hemicellulose, lignin 
•  Selective delignification 

(conifers) or 
simultaneous rot 
(deciduous trees) 

•  Fibrous, stringy rot 
•  Retains strength early on 
•  Slow decay process 



White rot fungi are among the few 
organisms that can break down lignin 

•  Can break down both 
cellulose and lignin 

•  Exo-cellulase with limited 
endo-cellulase 

•  Degradation localized to cells 
colonized by fungal hyphae; 
substantial amount of 
undecayed wood remains 
even after advanced decay 
has occurred 
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White rot fungi can do selective 
delignification 

•  Lignin is degraded earlier 
and faster than cellulose 
and hemicellulose 

•  Middle lamella rich in 
lignin, its removal results 
in cells coming ‘unglued’ 

•  However, the cell walls 
can remain intact, 
resulting in typical 
patterns: stringy, 
honeycomb, delamination 

Selective delignification 



Brown rot fungi depolymerize cellulose 
rapidly during decay 

•  Cellulose rapidly broken up into 
smaller fragments by endo and 
exo-cellulase 

•  Also produces non-enzymatic 
depolymerizing agents: move 
faster than enzymes 

•  Cell wall carbohydrates are 
degraded extensively during 
decay leaving a modified, lignin-
rich substrate 

•  Develops evenly throughout the 
infected wood 



How do you evaluate the amount of 
decay? conduct a survey 

•  All trees in small plot examined for signs (fruiting 
bodies) or indicators (scars, cracks) 

•  Divided into suspects (showing signs) and 
residuals (without signs or indicators) 

•  Destructive examination: trees are felled, 
chopped into small sections, and the actual 
volume of decay determined 

•  Cull factor determined: gives an estimate of the 
actual volume of decay 



Is the number of conks on a tree a 
good predictor of the extent of decay? 

•  Not necessarily; can have large colonization but 
no fruiting bodies 

•  Fruiting bodies do not appear every year 
–  Different species, different characteristics 

•  Presence of fruiting bodies indicate colonization, 
absence does not indicate no colonization 



Pathological rotation age 
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Managing decay fungi to benefit 
wildlife 

•  Aspen provides 70% of the total nest-
cavity resource in the mixed-conifer forest 
even though this tree species makes up 
only 11% of the overstory 

•  87% of the live aspen cavity-trees are 
visibly infected with the heart-rot fungus 
Phellinus tremula 



Decay fungi can provide useful 
applications: mycoremediation 

•  Lignin-degrading enzymes that are produced by white rot 
fungi, such as peroxidases and oxidases, act non-specifically 

•  They can also degrade common contaminants such as 
compounds found in explosives, pesticides, and toxic wastes 

 

Oyster mushrooms producing on oil 
contaminated soil (1–2% = 10,000–
20,000 ppm). 

Soil toxicity reduced in 16 weeks to 
less than ~ 200 ppm, allowing for 
plants, worms and other species 
to inhabit 



Enzymes produced by decay 
fungi can be used for biopulping 
•  Some white rot fungi leave the cellulose of the wood 

virtually untouched and have a very high optimum 
temperature (about 40 C) 

•  It means it can grow on wood chips in compost piles, 
which attain a very high temperature 

•  The fungi soften the wood, by reducing lignin 
content, resulting in a more energy efficient process 



Decay fungi to help feed cattle? 

•  In Chili, ‘palo blanco’ wood decayed by 
Ganoderma used to feed livestock 

•  Selective delignification results in 97% 
cellulose, only 0.9% lignin! 


