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HaematoStereum sanguinolentum is now known as Stereum sanguinolentum.

Introduction

Heartrotting (See also Pest Leaflet No. 55 (8)) and saprotting fungi that attack living trees
through injuries are known as "wound parasites". Among the most common injuries that
predispose trees to rot are those caused by man during logging operations, but animals,
insects, climate and other disease organisms are also important causal agents. Some wound
fungi are primary invaders that attack only fresh, exposed heartwood or sapwood; others are
secondary, being favored by wood already colonized by microorganisms; while others attack
slash or continue a saprophytic existence on dead trees or timber in service. Only a few
wound parasites are capable of attacking living tissue.

Little, however, is known about the infection requirements of this group of fungi. Of the 38
species that have been reported from British Columbia as attacking living trees through
injuries, about half can be differentiated by their mode of attack, and the specific infection
court requirements of only three or four of these are known with certainty.

Among the most universally distributed and destructive wound parasites in British Columbia
are the bleeding fungus (HaematoStereum sanguinolentum (Fr.) Pouzar), the annosus root
fungus (Fomes annosus (Fr.) Karst.) and the red belt fungus (Fomes pinicola (Sw. ex Fr.)
Cooke). All are commonly associated with mechanical injuries; but, in addition, F. pinicola
frequently infects trees weakened or killed by fire or insects while F. annosus is a serious
cause of root rot in native conifers. These three fungi are the only members of the group
whose life histories have been sufficiently studied to describe in detail. The remaining
species are tabulated according to common infection courts and preferred hosts in British
Columbia. For additional information on these fungi and their relative importance in timber
depletion, a list of literature sources is provided.

 

Hosts and Distribution

HaematoStereum sanguinolentum has a worldwide distribution in both tropical and
temperate regions, causing extensive decay in a great variety of coniferous trees and slash,
but is not found on hardwoods. The true firs and spruces are particularly susceptible
throughout most of their range. In British Columbia, this fungus has been recorded on all
coniferous species except yellow cedar, juniper and yew. Amabilis fir is lightly attacked
(11), and damage is light to moderate on Douglas-fir (6, 30), western hemlock (10, 34) and
lodgepole pine. Generally, the fungus appears to be less prevalent in coastal forests than in
the Interior.



Fomes annosus is widespread in Europe and North America and has been reported in
Australia, New Zealand and Africa. However, it is known as the cause of butt and root rot
only in the North Temperate Zone, chiefly in planted forests. The fungus has a wide host
range, occurring in both coniferous and hardwood species. Most forest trees in coastal
regions of British Columbia are susceptible (17, 18, 32), and in some situations, red cedar,
Douglas-fir and amabilis fir suffer appreciable damage (3, 4, 26, 30, 32, 33) but only western
hemlock is seriously attacked (4, 9, 34). The fungus apparently is of little importance as a
wood-rotting organism of Interior forests (10).

Fomes pinicola is one of the most widely distributed species in the Northern Hemisphere,
having been reported from every major region where conifers occur. It has a very wide host
range, occurring on a great variety of coniferous as well as deciduous species (19). The
fungus is one of the most common decay-producing organisms on living and dead timber in
British Columbia, attacking all commercial forest tree species, including such deciduous
trees as aspen and black cottonwood. While dead Douglas-fir, western hemlock, the spruces
and the true firs are highly susceptible to this fungus throughout the province, living trees
appear to be susceptible to serious attack only in coastal forests (4, 9, 37).

 

Life History of the Causal Organisms

Wound parasites appear to fall into three groups according to substrate preferences and their
mode of attack. The first group consists of primary invaders such as HaematoStereum
sanguinolentum and Fomes annosus, which are adversely affected by competing
microorganisms and attack fresh, previously uncolonized wound surfaces to gain entry to the
heartwood. Although these species cause extensive heartrot only in living trees, they also
attack recently killed timber and slash, but in these situations they may eventually be
replaced by other microorganisms. The second, and possibly largest group, consists of
secondary invaders such as Ganoderma applanatum (Pers. ex Wallr.) Pat. and
Columnocystis abietina (Fr.) Pouzar, which appear to be favored by wound substrates
previously colonized by other microorganisms. Many of these species continue to develop in
the host following its death and play an active role in the breakdown of slash in the forest.
The third group consists of species such as Fomes pinicola and F. cajanderi Karst. which
apparently have no special substrate requirements. These species may be primary or
secondary, depending on circumstances, attacking either previously colonized or
uncolonized wound surfaces on living trees, or occurring as true saprophytes on dead trees
or timber in service. With few exceptions, all wound parasites complete their life cycle on
dead material in the forest. Fruiting bodies are only occasionally found on living trees.

Infection by HaematoStereum sanguinolentum occurs during wet, cool periods when
basidiospore production is at a peak and the susceptibility of wound surfaces is maximal. In
coastal British Columbia, these conditions may occur in most months of the year; in the
Interior, they normally occur only during spring and fall. Winter-produced injuries, which
probably account for most infection courts, particularly in the Interior, are highly susceptible
to this fungus when thawing occurs early in April. Susceptibility of wounds falls off rapidly



as a result of saprophytic competition by other microorganisms and especially when mean
daily temperatures exceed 15 or 16 C. The fungus is essentially a primary invader,
occupying the first stage of fungal succession on fresh, exposed wound surfaces. The typical
decay develops when the fungus reaches the heartwood. The rate of advance inside the trunk
averages 12 to 13 cm per annum. The thin, annual conks of the fungus normally occur on
dead, fallen material, 1 to 3 years following contact with the ground. Basidiospores are
produced under suitable conditions throughout the year and are released during or following
periods of rain and when mean daily temperatures are within the range of 7 to 24 C. The
spores are wind dispersed.

Generally, factors affecting infection of wounds by Fomes annosus are similar to those
described for Haematostereum sanguinolentum. The fungus is spread mainly during cool,
wet weather by airborne basidiospores that infect fresh, exposed wound surfaces,
presumably when susceptibility is maximal. However, stump susceptibility has been found
to vary considerably according to host and season and seldom coincides with periods of
spore abundance (18, 33). Thus, airborne spore infection of Douglas-fir stumps is lower
during summer; that of hemlock is lower during fall and winter, despite fairly high levels of
inoculum throughout the year (18). Presumably, susceptibility of wound surfaces to Fomes
annosus is determined by seasonal variations in the occurence of saprophytic competition
similar to Haematostereum sanguinolentum. Following penetration, Fomes annosus grows
rapidly in the heartwood, causing extensive decay. The rate of advance inside the butt and
roots may reach 30 cm per annum. The perennial leather conks appear on roots and stems of
windthrown trees and stumps within 1 or 2 years. Basidiospores are produced in coastal
stands throughout most of the year and are particularly abundant when precipitation is high
and mean daily temperatures are below 10 C for extended periods, i.e., October - November
and February - March (33). The spores are wind dispersed.

The precise requirements for infection of wounds by F. pinicola are unknown. However,
basidiospores are airborne and presumably, under suitable conditions, are capable of
infecting any exposed surface of the host such as wounds caused by logging, dwarf
mistletoe, beetle attack and other agencies. Beetle holes, especially those produced by
ambrosia beetles, probably account for most entry points in dead and injured trees. Thus, a
knowledge of conditions affecting borer activity provides a good indication of when
infection is likely to occur (26)..After gaining entry through a wound, the fungus readily
develops in both sapwood and heartwood, causing a brownish discoloration that extends
about 2 to 3 feet longitudinally beyond the brown crumbly stage of the advanced decay. The
perennial conks may appear directly on the trunk on wound faces or on branch stubs of
living trees within 2 years following infection. Little is known about spore discharge, but
apparently it is continuous throughout most months, except during hot, dry periods in the
summer and periods of below-freezing temperatures in winter (19).

 

Recognition

The wound parasites as a group produce a wide range of fruiting structures, ranging from



fleshy mushrooms to bracket-like or crust-like conks issuing from decaying wood, usually of
dead trees or slash, rarely of living trees. Some are annual, others are perennial, producing a
new spore layer each year. Although fruiting structures of this group are uncommon on
living trees, excluding them as useful indicators of decay, their presence on associated dead
wood or on neighboring, similarly damaged dead trees or slash can often lead to
identification of the causal organism. The causal organisms can also be recognized by their
characteristic decay, which may vary in color and texture according to changes induced in
the physical and chemical properties of the wood.

The reader is referred to the handbook "Common tree diseases of British Columbia" (13),
which has been used as a basis for the following notes:

The fruit bodies and decay

The fruiting bodies of Haematostereum sanguinolentum are thin, annual, leathery conks,
ranging from crust-like with a narrow bracket-like margin when issuing from a vertical
substrate, to extensive crust-like areas when forming on the undersides of fallen material.
The upper surface of the bracket is gray to olive brown. The under surface, or spore layer
(hymenium), is gray to light brown, depending on age, turning blood red upon bruising when
fresh or after moistening when dry, hence the name "bleeding fungus". The fruiting
structures may occasionally be formed on the bark of dead, standing trees or on dead
branches or wound faces of living trees, but more often appear on the under surfaces of slash
or on log ends.

The fungus characteristically causes a red heart rot of conifers. Decay, in the early stage, is
firm and appears as a red-brown heartwood stain. It is visible on log ends as a solid circular
mass or in irregular patches, often with rays extending out from the main body of rot. In the
advanced stage, the wood becomes light brown to red-brown (yellow-brown in hemlock)
and soft and friable in texture. Thin, white mycelial fragments may develop in association
with advanced decay. Finally, the wood becomes a brown fibrous stringy mass.

The fruiting bodies of Fomes annosus are perennial, woody to leathery bracket- to crust-like
structures and up to 12 inches across, depending on their location (Fig). The upper surface of
the conks is zoned, dark brown to black and has an acute margin. The under surface is white
to cream, and poroid; the pores are small and regular in outline. The context is white to
cream. The conks rarely form on living trees except on dead roots or in association with
basal scars; they are produced more frequently on upturned roots, old stumps or slash.

Fomes annosus causes a white spongy rot, commonly in the butt and roots of conifers. The
early stage of decay appears as a yellow-brown to red-brown stain. Later, the wood is
reduced to a white stringy or spongy mass containing numerous small black flecks running
parallel to the grain. In the final stage, the wood is completely destroyed, leaving a hollow
butt.

Fomes pinicola produces hard, woody, perennial bracket- to hoof-shaped conks that may
attain a width of 2 feet, but are usually 2 to 10 inches across 234-0086. The upper surface is
usually zoned and ranges in color from dark brown to black. The margin is rounded and



varies from red-brown to gray, often overlaid along the rim by a narrow, white band of
newly forming spore surface. The under or spore surface is white to cream and poroid; the
pores are small and regular in outline. The context is cream to light brown. The conks are
usually found on dead trees or stumps but occasionally develop on living trees in association
with wounds, particularly on western hemlock. Conks of this fungus vary greatly in form
and color and it may be necessary to examine several specimens before identification can be
confirmed.

F. pinicola causes a crumbly brown cubical rot in both the sapwood and heartwood of dead
and living trees. The early stage of decay appears as a light brown stain. Later, the wood
breaks into small cubes which are soft and crumbly in texture. Relatively thick white felts of
mycelium may form in the shrinkage cracks.

 

Damage

Losses caused by the bleeding fungus (Haematostereum sanguinolentum) are negligible (less
than 0.5% of the gross volume) in conifer stands on Vancouver and Queen Charlotte Islands,
and rarely exceed 5% in the Interior. Highest losses have been reported for white spruce
(22), alpine fir (22, 25, 27, 38) and Douglas-fir (6), ranging from 8% to 3%, and lowest for
western hemlock and amabilis fir (10, 11), ranging from 2% to less than 1%. However, the
ability of H. sanguinolentum to infect wounded trees is much greater than these losses
indicate. For example, 80% of scar infections in white spruce and 93% of those in
Douglas-fir were caused by this fungus, but decay accounted for only a fraction of the gross
volume of the wounded trees. The significance of decay often depends on the nature of the
injury; some hosts are more susceptible to infection because they are subject to certain
injuries. Thus, fire scars are important infection courts for this fungus on lodgepole pine (20)
and frost lesions on Douglas-fir (12, 21) because these hosts are particularly susceptible to
these forms of damage. In alpine fir, more decay by this fungus is associated with broken
tops than with basal scars, but the reverse is true in white spruce and Douglas-fir (6, 22).

Losses resulting from white spongy rot caused by Fomes annosus, exclusive of that
originating from root infections, are about the same as those caused by the bleeding fungus
in British Columbia. However, coastal western hemlock, which is only occasionally attacked
by the latter, appears to be the most highly susceptible of the native coniferous species to F.
annosus. Although the average decay loss due to this fungus in mature and overmature
western hemlock probably does not exceed 2% of the gross volume on the coast, losses as
high as 6% have been reported associated with 1 5-year-old logging scars in Vancouver
Island stands and the fungus was responsible for almost half of the infections (34). F.
annosus occasionally causes damage to amabilis fir on the coast, but losses rarely reach 1%
of the gross volume of injured trees (4, 11). Douglas-fir is rarely attacked by F. annosus
through trunk scars, most damage occurring as a result of root infections in this species. The
fungus does not cause any appreciable damage in the Interior. Generally, the same
conditions that favor wound infections by Haematostereum sanguinolentum favor Fomes
annosus, except that damage by the latter is associated more frequently with basal injuries



than with upper bole injuries and the fungus is an aggressive colonizer of fresh, cut stumps.

The red belt fungus (Fomes pinicola) is probably responsible for greater losses than most of
the wound-infecting heartrotters because of its ability to attack both sapwood and heartwood
of living as well as dead trees. Although the fungus is exceedingly destructive to dead,
standing or fallen timber everywhere in British Columbia, it is the cause of serious damage
to living trees only on the coast. For example, losses due to this fungus in amabilis fir and
western hemlock on Vancouver Island have been recorded as high as 13% and 10%,
respectively, and appreciable losses are also known to occur in Sitka spruce (1, 4, 37). In the
Interior, damage to living hemlock is only moderate (averaging about 2%), and the true firs
and spruces are only lightly damaged (10, 22, 38). The fungus is slightly damaging on living
black cottonwood (29) and of no importance as a wound parasite on western red cedar and
Douglas-fir in British Columbia.

Future decay losses from logging injuries resulting from a thinning may be estimated when
the frequencies, size and age of the scars are known. Wright and Isaac (36) have developed
multiple regressions for estimating volume of decay based on area and age of logging scars
in western hemlock, Sitka spruce and the true firs which appear to have general application
in British Columbia, at least to coastal western hemlock (34). Shea (23) has developed a
method for estimating future losses in a particular stand from the published data based on the
number and size of the injuries occurring after a thinning operation. Adjustments can be
made in the calculations, if necessary, on the basis of local experience (34), while losses
such as mortality and reduced growth of injured trees must be considered separately.

 

Control

Decay in living trees, due to wound parasites, can be avoided if no open wounds are allowed
to exist In practice, control can be achieved under most forest conditions by preventing or
reducing the occurrence of wounding; e.g., scarring caused by falling trees, skidding or fires,
as well as sunscald and frost lesions caused by excessive opening of the stand. Control of
decay in individual trees can sometimes be achieved by applying protective treatments
immediately after wounding has occurred; e.g., stump treatments against Fomes annosus.

The decay hazard from intermediate cuttings (thinnings) as a source of controllable scarring
to residual trees can often be reduced by proper planning and careful use of skidding
equipment. Factors that should be considered when assessing the risk from decay under
particular cutting practices include:

1 tendency for logging injuries to be concentrated in the lower portion of trees (below
d.b.h.), i.e., root and basal trunk wounds, which are responsible for major decay losses;

2 the chances of injuries and infection are greater in such thin-barked species as western
hemlock, Sitka spruce and the true firs than in thick-barked specles;

3 wounds occurring on resinous species such as Douglas-fir, spruces, pines and larch are
more resistant to decay in the living tree than on nonresinous species such as the true firs and



hemlock;

4 large-sized wounds (1 sq. ft.) are more susceptible to decay than small-sized wounds;
wounds less than 0.2 sq. ft. are not normally infected unless they are deeply gouged. To
minimize losses, trees with large scars, especially butt scars, should be removed at the
conclusion of logging rather than waiting for the next scheduled thinning;

5 good fire control is good decay control, since basal fire scars are common entrance points
for wound parasites;

6 lesions caused by frost and sunscald commonly occurring in excessively thinned stands of
Douglas-fir and western hemlock, respectively, often permit the entry of decay fungi. As
these types of injury are strongly influenced by the density of the residual stand, they can be
controlled by regulating the intensity of the thinnings (12, 36). Frequent light thinnings are
safer in these species than a single heavy thinning; also heavy cuttings result in more broken
tops and increased losses due to decay in the residual trees;

7 much scarring is also caused by falling snags. This hazard can be significantly reduced by
falling all dead, pole-sized or larger trees during or immediately after logging operations.

Although pruning as a silvicultural treatment is not generally practiced in British Columbia,
and the risk of serious damage by wound parasites in pruned trees is not believed to be great,
the following rules recommended by Childs and Wright (5) for Douglas-fir in the Pacific
Northwest may be adopted for most species to reduce even the slight damage that might
otherwise occur:

1 prune in the fall, and prune dead branches an low vigor live branches only;

2 keep the stand fairly dense until the time of pruning to keep knots small;

3 cut branches as close to trunk as possible so that stubs will not delay healing, and

4 do not injure trunk cambium.
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Figures

    Figure 240-0087. Fruiting bodies (conks) of Ganoderma
applanatum (artist's conk) on fallen dead Populus tremuloides.
Associated with a white rot of conifers and hardwoods. The pale
pore layer darkens permanently to brown if bruised or scratched
when fresh.


