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larger fibers, similar to how a rope 
is constructed. As a result, cellulose 
is quite strong but readily digested 
by certain fungi. The cellulose fibrils 
are bound within a ‘matrix’ of hemi-
cellulose―chains of repeating mol-
ecules (sugars) or combinations of 
sugars. Because of its more random 
structure, hemicellulose provides 
little strength. Furthermore, many 
fungi can digest it. Lignin, the last 
component, is a ‘glue-like’ polymer 
that links the other components and 
acts as a stiffening agent. It is partic-

ularly important in the formation of 
cell walls of the wood and bark. Ad-
ditionally, it is very resistant to deg-
radation, except by specialized stem 
decay (heart rot) fungi  (Fig.	3)

Older, declining or severely 
stressed trees are most susceptible to 
colonization and rapid decay, howev-
er decay can develop in young  trees 
subjected to mechanical damage. 
Extensive decay is often associated 
with upper crown branch dieback. 
Decay is often hidden from view and 
not detected until trees fail or uproot. 
Fruiting bodies, open cavities, and 
loose or missing bark are positive 
signs that decay is present (Fig.	4)

Causative	agents	and	types	of	
decay
The most common taxonomic group 
of wood decay pathogens are fungi 
in the Division Basidiomycota (for-
merly known as Basidomycetes). 
Members of this group are usually 
recognized by the presence of mush-

OOD DECAy IS THE 
gradual breakdown of 
wood in both living 

and dead trees, as well as products 
made from them, primarily through 
the enzymatic activities of microor-
ganisms. In urban landscapes, it’s a 
major cause of tree failure because it 
affects the load-bearing capacity of 
branches, trunks, and large lateral 
support roots. Extensive decay is 
more likely to develop in certain tree 
species, declining trees, those that are 
moderately to severely stressed, and 
those subjected to repeated wound-
ing, particularly when wounding ex-
poses the heartwood.(Fig.	1)

Wood decay, caused primarily 
by fungi, weakens plant cell walls 
through enzymatic action. Enzymes 
released by fungal hyphae break the 
chemical bonds linking the cell wall 

Wood decay and tree failure
Bruce	W.	Hagen

W components. In this manner, woody 
tissue is decomposed and the resul-
tant products (mostly glucose) are 
absorbed by the fungi, leaving voids 
(cavities), or structurally weakening 
the wood. (Fig.	2)

Wood is composed largely of cel-
lulose, consisting of long chains of 
glucose molecules attached end-to-
end. These long chains (polymers) 
cross-link with other chains, form-
ing a crystalline-like framework 
bound together in a mesh of fine 
fibrils which are then bound into 

Extensively decayed trees are 
more likely to be in decline or have 
significant branch dieback.

Figure	1.	(Left)	The	old	broken	branch	stub	near	the	base	of	this	California	black	
oak	probably	served	as	the	entry	point	for	the	brown	rot	pathogen	that	caused	
extensive	decay	in	the	tree’s	trunk.	Photo: B. Hagen

Figure	2.	(Right)	An	example	of	white	rot	decay	in	the	heartwood	of	an	Oregon	
white	oak	that	had	spread	to	the	sapwood.	The	affected	wood	is	light	in	color,	
fibrous, and spongy. Note the void that has developed and the dark zone lines in 
the	wood.	Photo: B. Hagen



   	 Arborist

51

WESTERN 

Fall	2019

rooms or bracket-like fruiting bodies 
(conks) growing on infected trees or 
their roots. These structures serve to 
produce and disperse spores, because 
the fungus itself, is buried deep with-
in the trees. Within this group, there 
are three basic types of wood-rotting 
pathogens: white rots, brown rots, 
and soft rots. The decay that each 
type causes is fairly distinct. (Fig.	5)

White-rot fungi, the most com-
mon wood decay pathogens, are 
found largely on hardwood trees. 
They commonly degrade heartwood 
in living trees and are aggressive de-
composers of woody debris in forest 
ecosystems. Some white-rot fungi 
break down only the lignin in wood, 
leaving the lighter-colored cellulose 
behind. (Fig.	 6) Others, however, 
break down all the major structural 
components of the cell wall: cellu-
lose, hemicellulose, and lignin. The 
lignin, though, is typically degraded 
first, and the cellulose and hemicel-
lulose are degraded in later stages. 
Some fungi, though, break down all 
cell wall components simultaneous-
ly. Affected wood tends to be moist, 
spongy, stringy or delaminated, and 
lighter in color than sound wood, 
due to the persistence of cellulose 
fibers. (Fig.	 7) Eventually all of the 
wood is degraded, leaving behind a 
void. Some white rots like Porodaeda-
lea pini (=Phellinus pini) on conifers, 

degrades the wood in small pockets 
throughout the heartwood or in a 
ring-like pattern. 

Brown rots cause the selective 
removal of most of the cellulose and 
hemicellulose in wood with little 
degradation of the lignin. Brown-rot 
fungi breakdown (depolymerize) 
cellulose rapidly during early (in-
cipient) stages of wood colonization. 

Considerable loss in wood strength 
occurs early in the decay process, 
often before evidence of decay is ap-
parent. Cellulose and hemicellulose 
in the cell wall are quickly digested 
during decay, leaving a modified lig-
nin substrate. The wood of affected 
trees progressively becomes more 
brittle. Since large losses of wood 
strength result from brown rot, liv-

Figure 3. (Left) The arrangement of microfibrils and oth-
er	polysaccharides	found	in	plant	cell	wall.		 	
Photo: Ladyofhats (Wikipedia)

Figure	4. (Right) This old valley oak in a vineyard had been declining for years and finally failed. Decay (brown rot) had 
weakened	the	lateral	roots	and	butt	(lower	stem).	Several	 large	branches	in	the	upper	crown	had	failed	over	the	years.		
Photo: B. Hagen
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Figure 5. (Left) An example of the bracket-like fruiting bodies produced by members 
of the decay-causing pathogens in the Division Basidiomycota. In this case, Gano-
derma	applanatum.	Photo: Joseph O’Brien, USDA Forest Service, Bugwood.org

Figure 6. (Right) The failure of this branch was caused by a white-rot patho-
gen.	The	residual	wood	was	light	colored,	relatively	dry	and	spongy	in	texture.		
Photo: B. Hagen
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ing trees with this type of decay can 
be hazardous and should be careful-
ly assessed for extent of wood decay. 
In general, affected wood tends to 
be dry, crumbly, dark rusty-brown 
and blocky in structure due to lon-
gitudinal and transverse cracking. 
The decay caused by some brown, 
pocket rots appear in discrete pock-
ets. (Figs.	8,	9)

Strength loss of wood affected 
by white rots gradually decreases 
as the lignin is typically degraded 
first. With brown rots, though, loss 
of wood strength occurs more rap-
idly because the wood becomes pro-
gressively more brittle, as cellulose 
is quickly degraded (Adaskaveg 
1997). The strength properties of 
both white and brown rotted wood 

are significantly reduced, even in the 
incipient stage, before you can ac-
tually see a color change. Basically, 
whenever you can see wood decay 
you can expect a significant loss in 
strength properties. Trees with white 
rots often develop bulges around de-
cayed areas, or fluting around their 
stem base. These bulges or flutes are 
formed by the deposition of thicker, 

Figure 7. (Left) A close up of decayed wood by a white-rot pathogen. In this case, the wood was very soft, light in weight, 
stringy,	and	somewhat	delaminating.	Photo: B. Hagen

Figure 8. (Right) An example of brown rot taken from a fallen Douglas fir that had extensive decay in the ‘butt’ and large 
lateral	roots.	Fruiting	bodies	of	Phaeolus	schweinitzii	were	found	on	the	soil	surface	nearby.	Photo: B. Hagen

Figure	9.	(Left)	An	example	of	brown	pocket	rot	caused	by	Oligoporus	amarus	in	the	heartwood	of	an	incense	cedar.		 	
Photo: B. Hagen

Figure 10. (Right) A good example of stem-swelling — a host response to increasing instability. Additional wood was added 
around	the	decayed	core	to	increase	resistance	to	bending	where	wood	strength	was	most	compromised.	Note	the	hollows	
that	characterize	most	white	rot	pathogens.	Photo: B. Hagen
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stronger layers of wood where stress 
is greatest, to strengthen the outer 
stem wall. (Fig.	 10) Foresters often 
use the term ‘bottle butt’ to describe 
trees with a swollen lower trunk or 

‘butt’. In contrast, trees with brown 
rots, don’t form these telltale bulges, 
thus, load-carrying capacity progres-
sively decreases. Typically, though, 
the decay is associated with broken 
tops, branch stubs, and large open 
wounds, and cavities. 

Soft-rots are less well known and 
can be caused by both bacteria and a 
few members of the Ascomycota and 
Duteromycota fungi. They decay cel-
lulose, hemicellulose, and lignin, but 
only in areas directly adjacent to their 
growth. Soft rot appears to be most 
common in old wood exposed to 
moist conditions. They secrete an en-
zyme from their hyphae that breaks 
down cellulose in the wood. This 
leads to the formation of microscopic 
cavities inside the wood, and some-
times to a discoloration and crack-
ing pattern similar to brown rot. Soft 
rots grow more slowly than brown 
and white rots, and usually don’t 
cause extensive structural damage 
to wood of living trees. One example 
of an important soft-rot pathogen in 
trees is Kretzschmaria deusta. 

Plant	parts	affected	
Decay causing pathogens are usu-
ally found on specific parts of a tree, 
for example, the roots, ‘butt’ (lower 
trunk), roots and butt, trunk (stem), 

and top (conifers) or branches (an-
giosperms). 

Types of decay-causing pathogens
Most wood decay pathogens can be 
divided into heart rots, sap rots, and 
canker rots. Heart rots are mostly 
restricted to the dead, non-function-
ing wood within a tree’s central core 
(heartwood), while sap rots affect 
living sapwood of severely stressed 
trees or injured tissue, or the wood 
of dead branches and trees. Armil-
laria spp. and  Ganoderma applana-
tum (Artist’s conk) both kill the sap-
wood of some species, and causes a 
white rot of both the sapwood and 
heartwood in the roots and lower 
trunks of a wide variety of forest 
and landscape trees (Hickman and 
Perry 2011). Canker rots are unique 
in that they cause bark cankers after 
spreading from the heartwood to the 
sapwoodand cambium. They may 
invade mechanical wounds such as 
branch stubs, broken branches, fire 
scars, etc., and cause extensive heart 
rot. From there they can spread out-
ward to the sapwood, killing patches 
or strips of the cambium and bark. 
(Fig.	 11) Consequently, canker rots 
are serious pathogens associated 
with tree decline, branch and trunk 
failures, and sometimes mortality, 

Figure	12.	(Left)	A	cross	section	made	through	the	base	of	a	large	oak	with	extensive	basal	decay.		 	
Photo: Robert Boody, Arborist OnSite®

Figure	13.	(Right)	Steve	Nims	posing	within	a	hollow	Kauri	tree	in	Hawaii.	In	this	case,	the	ratio	of	thickness	of	the	intact	
outer shell-wall (t) over the radius of a hollow stem (R) was quite low and the trees had to be removed. Photo: C. Kwan

Figure	 11.	 Most	 canker	 pathogens	
kill	 the	 bark	 and	 cambium	 but	 typi-
cally	 don’t	 decay	 the	 wood.	 This	
canker	was	caused	by	Madrone	canker	
(Neofusicoccum	 arbuti	 =Fusicoccum	
arbuti)	 the	 sexual	 form	 suspected	 to	
be	Botryosphaeria	sp.	Note	the	wound-
wood	 forming	at	 the	 canker	margins.		
Photo: B. Hagen
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particularly in oaks. Most pathogens 
causing cankers are usually restrict-
ed to the outer bark and cambium. In 
some cases, wood decay pathogens 
invade the dead areas. 

Although heart rot may develop 
in wood at the base of a dead branch 
or a large wound that exposes heart-
wood, spread typically ceases when 
the wound closes, shutting off expo-
sure to oxygen. The development of 
heart rots is dependent on availabili-
ty of air that can enter through large, 
open wounds, broken branch stubs, 
cavities, and where decay is pro-
gressing into a tree’s base, through 
large dead roots.

 Heart rots are caused by fungal 
pathogens that colonize the non-liv-
ing heart wood or the central core of 
living trees. They are generally not a 
serious problem in young, vigorous 
trees because sapwood is relatively 
thick, which actively resists patho-
gens, and heartwood may be absent 
in a younger tree or small relative to 
the stem radius. ‘Butt’ or basal rots, 
common on older trees, typically in-
vade through dying or injured roots, 
and then spread up into the tree’s 
lower stem. Heart rots, for the most 
part, require wounds that expose 
heartwood for successful coloniza-
tion (Fig.	 12) They can’t penetrate 

living bark, but can colonize dead 
sapwood and then spread inward 
to the heartwood. As decay spreads, 
structural support declines through-
out the heartwood. Although, much 
of the heartwood may be severely 
degraded, new layers of sapwood 
form annually, compensating for the 
progressive loss of load-carrying ca-
pacity. So as long as the remaining 
stem wall thickness is greater than 
the minimum calculated for the tree, 
risk of failure is relatively low. Once 
the causative pathogen degrades 
all of the heartwood, only the sap-
wood remains to provide structural 
support. Although a t/R value of ⅓ 
appears to be a reasonable break-
ing safety threshold for smaller trees 
with round cross-sections, those with 
large diameters and with irregularly-
shaped trunk flares, are often stable, 
despite a t/R value significantly be-
low  ⅓. (see Frank Rinn’s article last 
issue, Summer 2019). This threshold, 
proposed by Mattheck, et al. (1993) 
is the ratio of thickness of the intact 
outer shell-wall (t) over the radius of 
a hollow or decayed stem (R). (Fig.	
13) 

Sap rots colonize all portions of 
dead trees (typically hardwoods) or 
areas of living trees where the bark 
has been injured or killed by fire, 
frost, sunburn, insects, mechanical 
damage, or other fungal pathogens. 
Moreover, they can invade living 
sapwood through wounds. (Fig.	14)  
Living sapwood, though, resists in-
ward spread by compartmentalizing 
the pathogen, so spread is relatively 
slow or restricted. Decay coloniza-
tion begins with the death or injury 
of the bark and cambium and sub-
sequent death of sapwood below. 
In general, decay spreads rapidly in 
dead sapwood. Ultimately, decay 
spreads to the heartwood, but pro-
gress is slower because heartwood is 
more resistant to decay. Once estab-
lished in the sapwood, some sap rot 
pathogens are capable of invading 
healthy tissues at the periphery of 
an infection site where the bark and 
cambium has been killed or dam-
aged, particularly on trees that are 

declining or severely stressed. Sap 
rots quickly colonize dying branches 
within trees, facilitating their natural 
shedding. (Fig.	15) Some tree species 
are prone to sapwood decay follow-
ing their death and quickly become 
hazardous. Stems or branches with 
fruiting bodies of sap rot pathogens 
are likely to fail in the near future. 
Some fungi, such as Ganoderma spp. 
or Armillaria mellea act like sap rots  
on stumps but are aggressive on liv-
ing trees.

Modes	of	infection	
Most decay-causing fungi affect-
ing the branches and stems of trees 
produce air-borne spores that can 
invade mechanical wounds, particu-
larly those that expose heartwood, 
for example: damage caused by 
storms, logging and construction ac-
tivities, and vehicle collisions, as well 
as root pruning near the trunk flare. 
Wounds caused by topping and other 
substandard pruning practices, such 
as large reduction cuts, damage to 
the branch collar, etc., are a common 
sites of entry. Furthermore, the prob-
ability for extensive decay increases 
with the size of the wound. Fire-

Figure	14.	The	outer	sapwood	 in	 this	
cross	 section	has	been	colonized	and	
decayed	 by	 a	 sap	 rot	 pathogen.	The	
heartwood	appears	unaffected	at	this	
time	by	decay,	but	decay	will	ultimately	
spread	inward	to	the	heartwood.   
Photo: B Hagen

Figure	 15.	 Saprots	 typically	 colonize	
dead	and	dying	branches.	The	pathogen	
shown	here	is	Stereum	hirsutum,	(false	
turkey	tails).	Photo: B Hagen
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scars, sunburn and frost-injury, and 
cankers are convenient points of en-
try as well. (Fig.	16)  Dying galls as-
sociated with mistletoe and bacterial 
crown gall infections are also readily 
invaded. (Fig.	17)  Bark lenticels, in 
some cases, provide an unexpected 
avenue for some pathogens. Several 
decay fungi, such as Armillaria root 
disease that affects both hardwoods 
and conifers, and Annosus root dis-
ease, that affects primarily the roots 
of conifers, spread to adjoining trees 
through root contacts, root grafts or 
rhizomorphs (Armillaria spp.), with-
out there being any cambial wound-
ing. Ganoderma applanatum, a root 
and butt-rotting pathogen, can also 
spread in this manner. In the case of 
Annosus root disease, infection can 
also occur directly by contact with 
spores washed down through the 
soil or through spores landing on 
freshly-cut stumps. 

Though many heart rot patho-
gens may colonize trees directly 
through injuries, some colonize trees 
in another, less recognized manner. 
They gain entry to healthy trees by 
invading small, dying branch stubs, 

or small wounds in the sapwood. 
Over time, these small pockets of de-
cay become buried in the sapwood 
and ultimately, the heartwood. The 
pathogens that invade the heartwood 
in this manner, are unable to develop 
due to unfavorable conditions (low 
oxygen, high moisture levels, etc.). 
They typically remain in a latent (in-
active) state, within the wood, with-
out causing decay, or loss of wood 
strength, until conditions change 
enough to reactivate them, e.g., se-
vere drought stress, senescence, de-
cline due to root loss, root disease, or 
conditions that inhibit soil aeration, 
fire-injury, etc. Latent infections can 
survive for decades buried deeply 
within a tree. 

Latent infections that are even-
tually buried in the heartwood can 
then develop under certain condi-
tions (Schwarze et al. 2000). Such 
pathogens are known as endophytes 
(Boddy 1994). As long as affected 
trees remain reasonably healthy, 
these cryptic pathogens typically 
cause no discernible harm. Annulo-
hypoxylon thouarsianum, a wood rot 
pathogen that causes rapid decay of 

sapwood in dying California oaks, 
particularly those infected by Phy-
tophthora ramorum, the pathogen that 
causes sudden oak death (SOD), is 
an example of an endophyte. Phel-
linus gilvus is another pathogen that 
also commonly colonizes the wood 
around larger SOD cankers, as well 
as dying trees, and branches. The de-
cay these pathogens cause is usually 
quite advanced by the time fruiting 
bodies develop. (Fig.	18)  

According to Schwarze et al. 
(2000) some wood decay fungi, for 
example, the sulfur fungus: Lepiti-
porous gilbertsonii, are able to pro-
duce specialized spores by budding, 
much like yeasts, that can move pas-
sively via the sap stream within the 
phloem and xylem. In most cases, 
though, the spores are unable to de-
velop due to the high water and low 
oxygen content. Germination can oc-
cur later when the water content of 
affected tissue decreases and O2 lev-
els increase. 

The	decay	process:	response	to	
pathogen	invasion
In general, living trees tend to de-
cay from the inside outward ─ the 
central core or heartwood to the 

Figure	16.	(Left)	The	white	rot	in	this	oak	branch	was	probably	initiated	when	the	
reduction	cut	was	made	to	remove	the	branch	leader.	Decay	was	able	to	develop	be-
cause	there	is	no	branch	protection	there	to	prevent	infection.	Photo: B Hagen

Figure	17.	(Right)	Old	mistletoe	stem	‘galls’	are	often	the	point	of	entry	for	wood	
decay	pathogen.	Photo: B Hagen

Figure	 18.	 Fruiting	 bodies	 produced	
by	 Annulohypoxylon	 thouarsianum,	 a	
wood	rot	pathogen	that	causes	rapid	de-
cay	of	sapwood	in	dying	California	oaks,	
particularly	those	infected	by	Phytoph-
thora	ramorum.	Wood	decay	is	usually	
quite	 advanced	 by	 the	 time	 fruiting	
bodies	develop.	Photo: B Hagen
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sapwood, while dead or dying trees 
tend to decay from the outside in-
ward—sapwood to the heartwood. 
(Fig.	19) The primary reason is that 
healthy, living sapwood effectively 
resists decay in that it contains living 
parenchyma cells, capable of active 
response — the maintenance of el-
evated moisture levels and the pro-
duction of antimicrobial substances 
— gums and tyloses (balloon-like 
growths from the vessel walls) 
that plug the vessels, inhibiting the 
spread of most wood decay patho-
gens. However, when the sapwood 
is injured or dying, it has little resis-
tance to decay, and when it’s dead, 
decay typically progresses rapidly. 
Heartwood, by comparison, is dead 
and can’t actively respond to invad-
ing pathogens, yet it resists decay 
due the deposition of high levels of 
toxic substances as the annual rings 
become inactive. Despite toxins, low 
oxygen concentrations,  and gener-
ally lower water content in the heart-
wood, some pathogens still tolerate 
these conditions, allowing slow de-
cay development. Decay spread in 
heartwood, however, may stall if the 
wound through which the pathogen 
invaded closes over, cutting off the 
oxygen supply. Heartrots extending 

up from the roots, and those initi-
ated by a large wound, or a branch 
or stem failure, will continue to de-
velop because there is a small source 
of oxygen to keep the pathogen ac-
tive. (Fig.	20) 

Importance	of	wounding
Wounds are important because they 
expose areas of the sapwood to dry-
ing, resulting in dysfunction of the 
affected tissue immediately around 
the injury. They also provide points 
of entry for fungal pathogens. Small 
and shallow wounds in healthy trees 
are seldom a problem, and they typ-
ically close quickly, restricting the 
amount of dysfunctional tissue that 
develops. This helps to re-establish 
conditions that prevent decay entry 
and spread. The amount of dysfunc-
tional tissue that develops will de-
pend on wound size, location, health 
of the plant, rate of wound closure, 
environmental conditions, and in-
herent (genetic) factors. By compari-
son, a large trunk wound, or loss of 
a large, living branch will generally 
result in a greater loss of functional 
tissue because such wounds seldom 

close, or do so very slowly. Thus, 
the exposed wood around and be-
hind the wound is allowed to dry, 
while its oxygen content increases, 
favoring development of invading 
pathogens or reactivating latent in-
fections.

Host-pathogen interactions
Decay development entails complex 
host-pathogen interactions, involv-
ing resistance mechanisms (com-
partmentalization) by the host, and 
defensive or evasive strategies by 
the pathogen. Shigo and Marx (1977) 
proposed a model to describe how 
trees respond to invasion by decay-
causing pathogens. This model—
CODIT (Compartmentalization of 
Decay in Trees) involves the con-
cept of ‘walls’— anatomical struc-
tures that are present at the time of 
wounding and fungal colonization, 
or that forms after injury to resist 
invading pathogens. CODIT defines 
four walls: (Figs.	21,	22) 

Limitations	of	the	compartmen-
talization	model
One criticism of this model  is that 
it doesn’t take into account the im-
portance of wood moisture content 
or distinguish between active re-
sponses in the living sapwood and 
the passive ones in the heartwood 
(Schwarze et al. 2004). Another point 
they make is that “the CODIT model 
relates to injuries (stem wounds) that 
occur from the outside inward, and 
which necessitate damage to the cam-
bium.” It doesn’t account for decay 
pathogens spreading outward from 
the interior after they have colonized 
the trees via means other than a cam-
bial wound, such as spread upward 
into the stem from the roots or from 
latent infections. 

Few pathogens are able to ex-
ploit the sapwood of healthy trees 
exposed by cambial injury, or those 
progressing outward from the inte-
rior, as long as the tree can maintain 
high moisture (low oxygen) levels 
around the injured sapwood, pro-
duce sufficient anti-fungal substanc-
es, and rapidly form tyloses to block 

Figure	19.	An	example	of	a	heart	 rot	
pathogen	 (Oligoporus	 sequoia)	 in	 a	
coast	redwood	(Sequoia	sempervirens).	
It	 causes	 a	 brown	 pocket	 rot	 of	 the	
heartwood,	but	 in	the	later	stages,	 it	
may	degrade	large	areas	of	the	wood.	
Photo: B. Hagen

Figure	 20.	 Fruiting	 bodies	 produced	
by	Stereum	hirsutum,	a	saprot	patho-
gen.	The	pathogen	has	weakened	the	
union	between	the	two	stems.	 	
Photo: B. Hagen
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because older, declining trees, par-
ticularly those with extensive branch 
dieback in the upper crown, are more 
likely to have extensive root or stem 
decay. Decay spread in younger, 
more vigorous trees is much slower 
or unlikely to occur. Rudman (1964) 
found that the heartwood of aging 
trees is less decay resistant than that 
of younger trees, because the content 
of fungicidal substances decreases 
with increasing age. Furthermore, 
active resistance in the sapwood is 
dependent, in large measure, on the 
availability of stored energy reserves 

certain aggressive pathogens within 
the heartwood under certain condi-
tions, provided there is no barrier 
zone to prevent them. Canker rots 
are an example of where this com-
monly occurs. (Fig.	24)

Factors	associated	with	decay
Other factors involved in decay de-
velopment and rate of spread in-
clude: genetic resistance; virulence of 
the pathogen; type, size and location 
of wound; and vitality of the tree. 
Vitality, largely determined by age 
and health, is particularly important 

invading fungi. (Fig.	23) It’s impor-
tant to recognize that these defense 
mechanisms can be affected by ex-
posure to environmental stress and 
low temperature. Drought can limit 
a tree’s ability to rehydrate injured 
tissue and maintain high moisture 
levels following injury (Schwarze et 
al. 2004). Jurasek (1958) found that 
tyloses formation occurred only at 
temperatures above 5 to 10°C (41 to 
50°F). Perhaps the timing of pruning 
is another factor influencing decay 
development. The sapwood of living 
trees can be invaded and decayed by 

CODIT defines four walls:
Wall 1 involves the formations of tyloses (balloon-
like growths in xylem vessels) and antifungal sub-
stances (gums and granular materials) by paren-
chyma cells in the rays, which serve to limit the 
axial (up and down) movement of the pathogen. 

Wall 2 is formed by the late or summer-wood in each an-
nual ring. Radial spread inward is hindered because the 
cell walls in the latewood are thicker and more lignified. 

Wall 3 is defined by the living ray parenchyma cells, 
which limit tangential (lateral) decay spread by pro-
ducing defensive substances. The ‘rays’, which are ar-
ranged in the longitudinal axis of the trunk or branches, 
are discontinuous sheets of cells, so pathogens can grow 
under or over these relatively short stacks of living cells. 

Wall 4, the strongest, is formed within the newest an-
nual ring by the cambium, after an injury, to resist 
outward spread of the pathogens in the wound (Shigo 
1979). Anatomically, the sapwood formed after wound-
ing is distinct, containing fewer vessels and more pa-
renchyma. It is rich in anti-fungal substances includ-
ing suberin, a material that is very resistant to decay 
pathogens (Pearce and Rotherford 1981). These altera-
tions effectively prevent the outward spread of most 
pathogens into new wood. Thus, it is often referred 
to as the barrier zone. Some species of trees and 
those that are severely stressed may form weak bar-
rier zones. It’s important to understand that the bar-
rier zone (wall 4) doesn’t always form when heart rot 
is present, as some heart rot pathogens can colonize 
the heartwood in the absence of damage to the cam-
bium. Furthermore, heart rots can spread beyond wall 
4 through radial cracks that commonly occur in trees.









Figure	22.	A	cross	section	through	an	old	compartmental-
ized	wound	indicating	CODIT	walls	2,	3,	and	4	relative	to	
wound	and	resulting	decay. Photo: Dr. Alex Shigo

Figure	21.The	wood	present	at	the	time	this	stem	was	
wounded	has	been	compartmentalized,	and	 the	wood	
produced	after	the	wound	is	healthy.	The	voids	in	the	
decayed	heartwood	were	caused	by	termites.	Wall	4	of	
the	CODIT	model	has	held	the	decay	in	check.	Once	the	
wound	closes	over,	the	pathogen	was	no	longer	able	to	
spread.	Photo: B. Hagen
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which decreases with age and stress, 
and varies by species of tree. (Fig.	
25) Trees infected by P. ramorum and 
those that are under severe drought 
stress are more likely to be colonized 
by Armillaria spp., and resistance to 
preexisting infections by wood-de-
cay fungi, such as inonotus anderso-

nii, Fomitoporia (=Phellinus) robusta, 
inocutis (=inonotus) dryophilus, Pseu-
doinonotus (=inonotus) dryadeus, La-
etiporus gilbertsonii, and Ganoderma 
aplanatum, G. lucidum, Omphalotus 
olivascens, Hericium erinaceus, and 
others usually decreases. (Figs.	 26,	
27)

Decay	and	tree	failure	
In cases where a pathogen has col-
onized a tree other than through a 
cambial injury, the barrier zone is 
lacking and therefore can’t prevent 
the pathogen from spreading out-
ward to the living sapwood. This 
may explain why reaction zones in 
the sapwood, in response to out-
ward expanding heart rots, often 
appear to be quite irregular, or why 
the residual shell wall of the sap-
wood of trees that have failed is ex-
tremely thin or appear discolored 
or decayed in cross section. Each 
year, as the cambium produces a 
new growth ring, the older, inner-
most ring dies, and in the absence 
of a strong barrier zone, becomes 
susceptible to decay spreading out-
ward. If growth slows significantly 
due to senescence or environmen-
tal stress, the thickness of the new 
annual rings decreases. Meanwhile 

the older, generally thicker, rings 
of sapwood are progressively lost 
to decay. In this manner, the re-
maining wall thickness of declin-
ing or stressed trees progressively 
decreases until the point of failure. 
The sapwood in older specimens 
of trees that produce heartwood, is 
often relatively thin, sometimes just 
a few annual rings thick. Thus, spe-
cies that don’t produce heartwood 
are less likely to fail due to heart 
rot because their sapwood is signifi-
cantly thicker. (Fig.	28)

Assessing	decay
Trees with cavities or columns of de-
cay are not necessarily hazardous. 
However, if the decay is extensive 
or in a critical location, the risk po-
tential can be great. Tree size, crown 
symmetry/weight distribution, ex-
posure to wind, the species’ wood 
strength properties, as well as tar-
gets, etc., must be considered when 
determining the level of risk. Some 
trees with large cavities with very 
thin ‘shells’ of sound wood stand for 
many years, but this will depend on 
the ratio of sound wood to decayed 
wood, crown height, level of expo-
sure and presence of other defects. 
(Fig.	29)

Figure	24.	(Left)	In	this	cross	section	of	an	oak	stem,	you	can	see	where	the	decay	at	the	center	was	restricted,	but	then	
the pathogen, a canker rot fungus, spread outward to the surrounding sapwood. Ultimately a large canker formed where the 
pathogen	killed	the	cambium	and	phloem.	Photo: B. Hagen

Figure	25.	(Right)	Older,	declining	trees	like	this	oak	are	more	likely	to	have	extensive	decay	in	their	roots	and	trunk	base.	
Branch	dieback,	common	in	declining	trees,	also	leads	to	decay	that	can	spread	to	the	main	stem.	Photo: B. Hagen

Figure	23.	When	this	large	branch	was	
removed,	only	a	thin	residual	shell	of	
living	sapwood	remained	intact.	All	of	
the	heartwood	had	decayed.		 	
Photo: B. Hagen
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Signs	of	decay
Looking at trees for signs or indica-
tors of decay is a critical component 
of risk assessment. Significant decay 
in branches and trunks is usually as-
sociated with cavities, cavity-nest-

ing birds, broken branch stubs, and 
branches, branch and trunk swelling 
(bulges), large, old wounds, seams, 
old fire-scars, cankers, loose, crack-
ing and sloughing bark, fluting at the 
trunk base, etc. (Figs.	30,	31) Pres-

ence of fungal fruiting bodies, e.g., 
conks and mushrooms, are a sure 
sign of wood decay. These structures 
often grow near bark wounds, on cut 
stem surfaces, branch stubs, broken 
branches, and on the trunk flare and 

Figure	26.	(Left)	A	large	fruiting	body	produced	by	Fomitoporia	(=Phellinus)	robusta	at	the	base	of	an	oak.	It	occurs	on	oaks	
world	wide	and	occasionally	other	species.	It’s	an	aggressive	wood	rotter	that	decays	both	the	heartwood	and	sapwood,	and	
may	kill	the	cambium.	Photo: B. Hagen

Figure 27. (Right) Mushroom-like fruiting bodies of Ompalotus	olivascens,	a	widely	distributed	sap	rot	pathogen	that	can	be	
found	on	living	and	dead	trees.	In	this	case,	it	was	growing	in	dead	sapwood	but	had	spread	to	nearby	healthy	tissue.		 	
Photo: B. Hagen

Figure	28.	(Left)	The	residual	shell	wall	of	this	large	valley	oak	(Quercus	lobata)	is	extremely	thin.	While	the	new	annual	
rings	of	sapwood	are	quite	thin	in	declining	trees,	the	older	rings	of	sapwood	are	progressively	decayed	as	they	die.	Hollow	
trees	like	this	one,	reach	a	point	where	the	shell	wall	becomes	too	thin	to	tolerate	the	load.	Photo: B. Hagen

Figure	 29.	 (Right) People	 can	 be	 very	 complacent	 about	 the	 safety	 of	 trees	 around	 them,	 or	 just	 oblivious	
to	blatant	hazards.	Annual	risk	assessments,	even	basic	ones,	can	identify	most	of	the	hazardous	trees.		 	
Photo: Neville Fay, Treework Environmental Practice
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roots. The shape, size, color, texture, 
location, as well as other character-
istics of the fruiting bodies are use-
ful in identifying many wood decay 
fungi. Appearance, though, can be 
quite variable, owing to time of year, 
stage of development and persis-
tence of the fruiting body. Annual 
conks are quite seasonal and pre-
dictable. For example, sulfur fungus 
(Laetiporus gilbertsonii), commonly 
begins in late August and is in full 
bloom in September throughout 
most of California. Conks can persist 
for many years or decompose within 
a season, and mushrooms are gen-
erally short-lived. The production 
of fruiting bodies in some species is 
erratic, and some species fruit only 
after the affected branch or tree has 
died. Fruiting bodies may develop 
quickly, then discolor and disinte-
grate, or continue to grow for a num-
ber of years. Some conks are sepa-
rate, while others appear clustered. 
Although cavities, conks, seams and 
other defects are often readily vis-
ible, wood decay, particularly ‘butt-
rot’, extending up along the bottom 
sides of the roots into the tree’s base, 
may be more cryptic, making detec-

tion difficult. (Fig.	 32) Extensively 
decayed trees are more likely to be 
in decline or have significant branch 
dieback. (Fig.	25)

Risk	potential	and	extent	of	decay
The extent of decay associated with 
fungal fruiting bodies is usually dif-
ficult to determine. However, the 
species,  number of conks, size, loca-
tion, and  size of the part affected, as 
well as tree species, can sometimes 
be used to gauge seriousness. De-
termining the risk potential of a tree 
with decay is challenging and large-
ly dependent on assessing the ex-
tent, location and type of decay. For 
instance, extensive decay occurring 
at a point where mechanical stress is 
great, such as the trunk flare, support 
roots, branch unions (particularly 
those with included bark), areas of 
multiple branch attachment, the top 
sides of lateral branches, branches 
with bows or abrupt bending, etc., 
are generally of greater concern than 
those occurring elsewhere. The type 
of decay (brown rot or white rot) is 
an important factor because it influ-
ences how fast wood strength is lost. 
As previously mentioned, wood 
strength is significantly reduced or 
lost entirely in a relatively short peri-
od after colonization by brown rots. 

Figure	30.	‘Butt’	rot	can	be	quite	cryp-
tic	even	in	trees	that	appear	relatively	
healthy.	In	some	cases,	the	trunk	base	
may	appear	quite	pronounced.		 	
Photo: B. Hagen

The objective of evaluating the 
risk of trees with stem decay is to 
determine if there is enough sound 
wood in the outer shell of the trunk 
to provide reasonable structural sta-
bility. Pruning or other mitigation 
measures may be involved when 
making this decision. When root 
decay is involved  the goal is to de-
termine if there are enough sound, 
lateral support roots remaining to 
support or anchor the tree, or if indi-
vidual root(s) are too decayed to pro-
vide sufficient support or anchorage. 
(Fig.	33)

Determining	extent	of	decay
 Consulting arborists have access to 
tools and techniques to identify and 
quantify the extent of decay. (Fig.	
34) What they may not fully under-
stand is that in the early (incipient) 
stages, decay is not easily detectable 
with current technologies. Wood that 
appears sound to the eye may have 
already lost a significant amount of 
wood strength. While the implica-
tions of extensive decay in the tree’s 
central core or in the outer shell of 
sapwood of some trees is fairly obvi-
ous, it’s difficult to quantify loss of 
structural stability in trees. Unfor-

Figure	 31.	An	 example	 of	 ‘fluting’	
associated	 with	 extensive	 heart	 rot.	
Fluting	 naturally	 occurs	 in	 some	 spe-
cies,	but	becomes	more	pronounced	as	
decay	weakens	the	tree’s	stability.		
Photo: B. Hagen

Figure	32.	An	example	of	cryptic	‘butt’	
rot	in	the	base	of	an	oak	where	a	co-
dominant	stem	had	split	away.		 	
Photo: B. Hagen
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tunately, we have little research information or reliable 
formulae to determine if a tree’s structural stability has 
been sufficiently compromised to warrant removal. Some 
of the factors that have to be considered include species 
characteristics, wood strength, exposure to strong winds, 
tree height, crown size (leaf-surface area), stem diameter, 
location within a stand or row of trees, orientation to pre-
vailing wind, etc. 

Conclusion
As you can see, tree care practitioners have many fac-
tors to consider when determining risk potential of trees, 
and often must rely on their experience, observations, a 
standardized assessment process, a reasoned analysis, 
and sometimes intuition. I’ve tried to illustrate how little 
we actually know about the wood decay process, host-
pathogens interactions, wood decay pathogens, and how 
difficult it is to detect decay, assess its extent, and evalu-
ate risk potential in decayed trees. For example, multiple 
organisms have been isolated from decayed wood asso-
ciated with tree failures. Preliminary studies conducted 
by Igor Lacan (University of California Cooperative 
Extension) indicate that multiple decay pathogens are 
often isolated from decayed wood collected from trees 
that have failed, even when there were identifiable fruit-
ing bodies. Understanding how decay-causing patho-
gens colonize trees, function, develop and affect wood 
strength should be a top priority for arborists. Further-
more, we should commit more resources to conduct re-
search on these subjects. 

Bruce	W.	Hagen

Fig.	33.	(Left)	It’s	important	to	carefully	assess	trees	for	root	stability	when	root	decay	is	indicated	or	is	suspected.	There	
were	fruiting	bodies	of	Omphalotus	olivescens	growing	at	the	base	of	this	oak,	indicating	dead	sapwood,	and	there	were	also	
signs	of	Armillaria	root	disease.	This	tree	fell	in	a	winter	storm	soon	after	it	was	assessed.	Photo: B. Hagen

Fig.	34.	(Right)	A	demonstration	of	sonic	tomography—a	method	that	measures	the	time	it	takes	for	sound	waves	to	pass	
through	the	tree	to	receptors	placed	at	evenly	spaced	points	around	a	tree.	Decay	or	other	defects	delay	the	signal	and	a	
computer	system	calculates	the	relative	position	and	size	of	the	defect.	Photo: B. Hagen



62

   	 ArboristWESTERN 

Fall	2019

References:		
Adaskaveg, J.E.1997. Wood Decay of Landscape 
Trees. Landscape Notes, A publication of the Uni-
versity of California Cooperative Extension, Ventura 
County, edited by Dr James Downer. Winter 1997, 
Vol.12:1. 

Boddy, L.1994. Latent decay fungi: the hidden foe? 
Arboric. J.18, 113-135.

Coder, K.D. 1989, Should You or Shouldn’t You Fill 
Tree Hollows? Grounds Maintenance. 24(10).

Fraedrich, B.R., and E.T. Smiley. 1999. Guidelines 
for qualifying and evaluating wood decay in stems 
and branches. Barrett Tree Research Laboratories, 
Technical Report).

Fraedrich B.R., and E.T. Smiley. 2001. Assessing the 
Failure Potential of Tree Roots. In Tree Structure 
and Mechanics Conference Proceedings: How Trees 
Stand Up and Fall Down, eds. Kim D. Coder and E. 
Tomas Smiley. International Society of Arboriculture, 
Champaign, Ill. p.184.

Harris, R.W., J.R. Clark and N.P Matheny. 2004. 
Arboriculture: Integrated Management of Landscape 
trees, Shrubs and Vines. 4th ed. Prentice hall, Upper 
Saddle River, N.J. 580p.

Hayes, E. 2005. Evaluating Tree Defects. Safetrees, 
LLC, Rochester, MN

Hickman,  G. W., and E. J. Perry 2011. Wood decay 
Fungi in Landscape Trees, Pest Note UC IPM Educa-
tion and publications. Pest Note 74109.

Jurasek, L. 1958. Der Einfluß der Holtztemperatur 
and Holzfeuchtigkeit auf die Thyllenbildung bei der 
Bunche. Drev. Vyskum 3, 5-13.

Mattheck, C., K. Bethge, and D. Erb. 1992, Failure 
criteria for trees. Allg. Forst-u. J. Ztg. 164:9-12 

Matheny, N.P., and J.R. Clark. 1994. A photographic 
Guide to the Evaluation of Hazard Trees in the 
Urban Areas. International  Society of Arboriculture. 
Savoy, Ill. P. 85.

Pearce, R.B., and J. Rutherford. 1981. A wound-as-
sociated suberized barrier to the spread of decay 
in the sapwood of oak (Quercus robur L.) Physiol. 
Plant Path. 19, 359-369

Rudman, P. 1964. The causes of natural durability 
in timber, Part XVI The causes of variation in decay 
resistance in Jarrah (Eucalyptus marginata). Holtz-
forschung. 18, 172-177.

Schwarze, F.R.M.R., J. Engels, and C. Mattheck. 
2004. Fungal Strategies of Wood Decay in Trees. 
Springer-Verlag, Heidleberg, Germany. 185p.

Shigo, A.L., and H.G. Marx. 1977. Compartmental-
ization of decay in trees. USDA For. Serv., Agric. 
Bull. 405, 73p. 

Shigo, A.L. 1979. Tree decay an expanded concept. 
USDA Forest Service Information Bulletin 419. 72p.

Home study for CEUs

You may receive one hour of Certified Arborist 
and/or WCISA Certified Tree Worker continu-

ing education units (CEUs) for reading the fol-
lowing article and completing the test questions. 
Copy the question pages and use it to record your 
answers. Darken the correct letter choices and 
circle your choice for true and false or correct 
choice questions. Each question has only one 
correct answer. Passing score for this test is 23 
correct answers (80%).

Next,	complete	the	registration	information	on	
this	form	and	send	it	to:	

WCISA	Admin.	Office
31910	Country	Club	Drive
Porterville,	CA	93257
559-784-8711 fax

Note: If 80 percent or greater of the questions 
have been answered correctly, the ISA will be 
notified of the CEU assignment for Certified 
Arborists and it will be posted by the ISA. The 
Western Chapter will post the CEU for Certified 
Tree Workers. If a passing score is not achieved, 
the test will be returned for corrections. No CEU 
confirmations will be sent to you.

Registration	Information

Name: __________________________________

Cert. # __________________________________

Address: _________________________________

________________________________________

City: ____________________________________

State: ___________________________________

Zip: ____________________________________



   	 Arborist

63

WESTERN 

Fall	2019

Home study for CEUs: 	
Wood	decay	and	tree	failure
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   Trees with either white or 
brown rot often respond to 
loss of structural strength by 
forming bulges. T or F

   Heart rots, in general, don’t 
penetrate sound trees. T or F

   Any opening in the heart 
wood or the exposure of dead 
sapwood to heart rot patho-
gens is a potential site for heart 
rot fungi. T or F

   The living sapwood of healthy 
trees is resistant to sap rots 
because the sapwood can 
respond vigorously to fungal 
invasion. T or F

   What type of fungal patho-
gens cause stem canker after 
spreading from the heartwood 
to the sapwood, where they 
kill the cambium and bark? 
___________________________

   Most pathogens causing cankers 
are usually restricted to the 
outer bark and cambium. T or F

   The spread of heart rot follow-
ing wounds that exposes heart-
wood, typically ceases when 
the wound closes because the 
_________________ level is too 
low for fungal development. 

    A t/R value of ⅓ appears to be 
a reasonable breaking safety 
threshold for trees of all sizes? 
T or F

    Sap rots in general can only 
colonize the sapwood of dead 
trees. T or F

    A few pathogens can invade 
trees via their bark lenticels.  
T or F

    Name a pathogen that can 
invade neighboring trees 
through root contacts or root 
grafts. _____________________

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

   Extensive decay is more likely 
to develop in certain tree spe-
cies. T or F

   Trees in decline, those that are 
moderately to severely stressed, 
and those subjected to repeated 
wounding, are more likely to 
have extensive decay.  T or F

  Wood is composed largely of 
___________________________, 
consisting of long chains of 
_________________________

   Wood (cellulose) fibers are 
strong in tension or compres-
sion? (circle	correct	choice)

   Name the ‘glue-like’ polymer 
that links the other compo-
nents in plant cell walls, and 
acts as a stiffening agent. 
__________________________

   White rots are most common 
on (conifers / hardwoods) 
and brown rots are most com-
mon on (conifers / hard-
woods).  
(circle	the	correct	choice) 

   In general, white rot patho-
gens break down all the major 
structural components of the 
cell wall. T or F

   Brown rot, on the other hand 
tends to degrade only the lig-
nin. T or F

   The wood of trees affected 
by brown rots progressively 
becomes more brittle as the 
decay spreads. T or F

   Wood strength in trees with 
white rots gradually / rapidly 
decreases as the lignin is typi-
cally degraded first. 
(circle	correct	choice)

   The strength properties of both 
white and brown rotted wood 
are not significantly reduced, 
until the advanced stages. T or F

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

   Pathogens that remain in 
a latent stage buried in the 
heartwood that can develop 
and spread when conditions 
are favorable are called? 
___________________________

   The reason healthy, living sap-
wood effectively resists decay 
is that its oxygen and moisture 
levels are low and it contains 
high levels of toxic substances.  
T or F

   Decay spread in heartwood 
may stall if the wound through 
which the pathogen invaded, 
closes over, cutting off the 
oxygen supply. T or F

   One criticism of this CODIT 
model is that it doesn’t ac-
count for the outward spread 
of decay from the interior after 
the decay-causing pathogens 
colonized the host by means 
other than a cambial wound, 
such as spreading upward 
into the stem from the roots or 
from a latent infections. T or F

    Drought can limit a tree’s abil-
ity to rehydrate injured tissue 
and maintain high wood mois-
ture levels, following injury 
resulting in extensive decay 
spread. T or F

  When a barrier zone has not 
formed, the remaining shell 
of hollow trees progressively 
decreases until the point of 
failure. The reason is that the 
new annual rings are becom-
ing thinner, while their older, 
thicker rings of sapwood die 
each year and decay. T or F

  The location and extent of 
decay in relation to mechanical 
stresses is an important issue 
to consider when assessing 
risk. T or F

23.

24.

25.

26.

27.

28.

29.




