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"Spore infection of coniferous stumps, if not controlled, 
probably cause a rapid build* of F. annosus in thinned 
mature s t d s  in  coastal British Columbia." 

Abstract 

will 
im- 

G. W. Wallis 

I n  coastal Bri t ish Columbia stands, airborne 
spores of Fomes annosus are present throughout 
most  of the  year and are particularly numerous 
during October-November and February-March. 
S tumps  of most  commercial conifer species are 
susceptible t o  spore infect ion and the  fungus can 
grow from diseased into healthy roots when  in 
contact. Infection centers in immature  stands 
have originated from mycelium present in stumps 
o f  the  previous stands. Indications are that  Fomes 
annosus root rot  will be a significant problem 
should thinning become a common forest man- 
agement practice if steps are not  taken  to  control 
s tump infection. Application of borax i s  recom- 
mended to  reduce spore infection of stumps. 

F o w s  annonsus et ses caries associees, une 
menace pour la culture des peuple~ments c6tiers de 
la Colombie-Britannique. 

Resume 

Dans la re'gion cdtidve de la Colombie-Britan- 
nique les spores de Fomes annosus causant la Ma- 
ladie d u  Rond se dispersent d Tair libre d travers 
les peuplements, tout le long de l'anne'e avec des 
maxima durant les mois  d'octobre - novembre 
et e n  fe'vrier - mars. Les  souches des conifdres 
les plus recherche's sur le marche' sont vulne'rables 
a Tinfeetion. Le champignon se propage aux ra- 
cines saines par simple contact avec les racines 
contanzine'es. Certains jeunes peuplements de'jd 
infeste's furent  contamine's par le myce'lium pre'- 
sent duns les souches laisse'es lors d'exploitations 
ante'rieures. E n  cas d'ame'nagement intensif de 
se'rieux probldmes surgiront si o n  ne  pre'vient pas 
l'infeetion des souches produites lors des e'clair- 
cies par un application de borax soit e n  poudre, 
soit e n  solution. 

G. Reynolds 

Annosus root and butt rot caused by Fomes 
annosus (Fr.) Karst., is an important disease in 
immature coniferous forests in many countries in 
the temperate zone. Damage is extensive in planta- 
tions in eastern and southern United States, and in 
Europe, where conifer species native to British Co- 
lumbia have been heavily attacked. Extent of dam- 
age caused by F. annosus is closely correlated with 
frequency and intensity of thinnings. 

The disease is usually spread from established 
infection centers by airborne spores. Fresh-cut 
stumps and wounds are susceptible to spore in- 
fection. The fungus colonizes stumps and roots 
where it can survive for many decades. Spread to 
adjacent residual trees occurs where diseased and 
healthy roots are in contact. Damage attributable to 
F. annosus varies among tree species. In the pines, 
infection results primarily in mortality. In other spe- 
cies, losses occur as butt rot and as windthrow 
when decay is extensive in the root system. Decay 
characteristics vary between host species (Wallis 
and Ginns, 1968). 

In British Columbia, F. annosus is an important 
butt-rotting fungus in old-growth trees, particular- 
ly western hemlock (Tsuga heterophylla (Rfn.) 
Sarg.) (Buckland et  al., 1949; Foster and Foster, 
1951). Annosus root rot is present in immature 
stands but the economic magnitude of the problem 
is not clearly defined. Intensive forestry practices in 
young stands have just commenced, therefore con- 
ditions which led to  widespread infection elsewhere 
have not been created. This study of F. annosus 
was initiated to predict future losses in thinned 
stands and if warranted, to recommend control 
measures to reduce widespread infection. Three fac- 
tors associated with spread were examined: 1) 
density and seasonal variation of aerial spore popu- 
lations; 2) susceptibility of stumps of native coni- 
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fers to spore infection, and development of decay (Pseudotsuga rnenziesii (Mirb.) Franco), 121 w e s ~ -  
in stumps following spore infection; 3)  passage of ern red cedar (Thuja plicata Donn), 30 amabilis fir 
the fungus from roots of spore infected stumps in (Abies ambi l is  (Dougl.) Forb.) and 10 Sitka 
thinned stands to roots of healthy trees. Natural spruce (Picea sitchensis (Bong.) Carr.) in 14 local- 
infection from stumps of previous old-growth ities on Vancouver Island and the south coast of 
stands was also observed. British Columbia, were examined for natural air- 

borne spore infection. In addition, 25 stumps of 
Airborne spores of Fomes annosus each of alpine fir (Abies lasiocarpa (Hook.) Nutt.), 

A gross quantitative measure of seasonal popu- 
lations of airborne spores of F. annosus was made 
at 2-week intervals from March, 1964 to April, 1965, 
and monthly thereafter to February, 1966, in two 
stands at Cowichan Lake, Vancouver Island. Discs 
of western white pine (Pinus monticola Dougl.) 
wood served as spore traps, using the method out- 
lined by Rishbeth and Meredith (1957). A sample 
comprised 15 discs exposed for 2 hours at midday; 
5 control discs were not exposed. 

Spores were present in the atmosphere during 
each sampling period but the quantity had a marked 
seasonal pattern (Fig. 1 ). Large populations oc- 
curred in October-November, followed by a sharp 
fall with the onset of freezing temperatures in late 
December. The population increased again in late 
January-March and then declined during the sum- 
mer months. 

A close correlation was not evident between 
spore deposition and temperature or precipitation 
before or during the time of trapping. When the 
temperature was below 45 F but above freezing 
for extended periods, airborne spore populations 
increased; precipitation, however, was usually high 
during these cool periods. Spores were deposited 
on traps in January, 1965 and 1966, even though 
30 inches of snow lay on the ground in exposed 
areas. 

Sporophores are frequently found on dead and 
windthrown western hemlock and occasionally on 
other conifers and some hardwoods. Spores are 
discharged throughout most of the year. 

Susceptibility of stumps to  spore infection 

Stumps of 705 western hemlock, 512 Douglas-fir 

lodgepole pine (Pinus contorta Dougl.) and Engel- 
mann spruce (Picea engelmanni Parry) and 117 
stumps of western red cedar were inoculated with 
a basidiospore suspension to test their susceptibil- 
ity to  infection. When determining infection in these 
stumps, discs, one cm thick, were cut from above- 
ground portions, wrapped in moist paper, and incu- 
bated for a week to allow the conidial stage to de- 
velop (Rishbeth, 1950). When F. mnosus decay 
had been confirmed in the above ground portions 
of a stump, the roots were excavated to determine 
the extent of infection. 

An average of 19% (range 0-40%) of the west- 
ern hemlock stumps, and 17% (range 3-37%) of 
the Douglas fir exhibited decay attributable to nat- 
ural spore infection at the cut surface (Table 1). 
Stumps of all the other species tested, except 
cedar, were also susceptible to spore infection; 
Sitka spruce - 10%, Engelmann spruce - 88%, 
alpine fir - 44%, lodgepole pine - 80%. Of the 
238 cedar stumps examined, only 6 had the fungus 
present and infection was confined to one or two 
small colonies in the sapwood or outer heartwood. 

Fomes annosus grew rapidly (up to 30 inches an- 
nually) in Douglas-fir and hemlock stumps; decay 
was well advanced in some roots after two years. 
However, the decay pattern in a root system tend- 
ed to be erratic, particularly in Douglas-fir where 
some roots were extensively rotted while others 
were not infected. Development of the fungus was 
much slower in stumps whose roots were grafted 
to living trees; occasionally infection was still con- 
fined to the above-ground portions of the stump 
even though the fungus had been active for as long 
as five years. 

'9 Seasonal deposition of Fomes annosus spores 

MONTHS 
Fig. 1. Seasonal deposition of Fomes annvsus spores on white pine disc trops. 
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I aole I. Percentage of stumps in western hemlock and Douglas-fir stands naturally infected with annosus root and butt LUL. 

Years since thin. 

Western hemlock Douglas fir Both species 
Stand1 - 

age no. % with no % with no. Ojo with 
(yr) stumps fomes, stumps fomes, stumps fomes 

Total. . . . . . . . . . . . . . . . . . . .  705 19 512 17 1,217 18 

'Stand age at  the time of thinning. 
,Recorded only when 15 or more stumps were sampled in a stand. 

Table 2 Extent of annosus infection in residual tree roots in contact with infected stump roots 

Western hemlock roots in Douglas-fir roots in contact 
contact with the fungus with the fungus 

- -A 

Stand max. extent1 max. extent1 
age no. of infect. no. of infect. 

Years since thinning (yr3 No. infect. (inches) no. infect. (inches) 

lExtent of infection from point of contact with infected root proximally toward tree. 
2Present as a butt rot as well as a root rot. 
3Stand ape at date of sampling. 

Fomes annosus growth from spore infected stumps 
in thinned stands to roots of living trees 

Stumps in which F. annosus decay was extensive 
were excavated to expose contacts between infect- 
ed and living roots. All infected living roots were 
incubated in moist paper to permit the conidial 
stage to develop as indicated above. 

Seventy-five hemlock stumps were excavated, of 
which 60% had infected roots in contact with 52 
roots of adjacent living trees. Over half of these liv- 
ing roots had F. annosus decay. The maximum ex- 
tent of infection in a living tree, 85 inches from the 
point of contact, was recorded in a 60-year-old 
stand thinned 12 years prior to sampling (Table 2). 

Thirty-eight Douglas-fir .stumps were also exca- 
vated, half of which had infected roots in contact 
with 19 living roots of adjacent trees. Six of the 
living roots had F. annosus present, the decay being 
particularly extensive in young trees (Table 2). 

Spread of Fomes annosus from stumps of the 
previous mature stand 

Observations in a thinned 40-year-old hemlock 
stand on the west side of Vancouver Island, 
showed that infection centers of 15-20 trees were 
not uncommon; decay was recorded up to 12 feet 
from the ground. In a 35-year-old hemlock stand on 
the east side of the Island, 58% of the butt rot de- 
tected was attributed to F. annosus. In both areas, 
the infection had developed from infected stumps 
of the previous mature stand. 

Observations on Douglas-fir indicate that losses 
will probably be somewhat less than in hemlock, 
but damage could be significant if large numbers 
of stumps become infected. For example, a 20-year- 
old plantation on the west side of Vancouver Island 
had infection centers of 3-5 trees scattered through- 
out; decay was recorded up to 6 feet in the lower 
bole. In this stand, cedar roots in contact with F. 

June 1970 The Forestry Chronicle 223 



annosus in old stumps were also excavated; the 
heartwood in these roots was extensively rotted 
and appeared to have little resistance to  a rapid 
invasion by the fungus. 

Conctusions 

Spore infection of coniferous stumps, if not con- 
trolled, will probably cause a rapid buildup of F. 
annosus in thinned immature stands in coastal Brit- 
ish Columbia. Passage of the fungus from these in- 
fected stumps to residual trees would cause signi- 
ficant losses in western hemlock and Douglas-fir 
stands thinned 15 or more years before the harvest 
cut. Some current losses will originate from infect- 
ed stumps of the previous stand; this mode of in- 
fection will probably be greatest in stands cccupy- 
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