Is Heterobasidion annosum Poorly Adapted to Incite Disease in Cool, Wet

Environments??

Charles G.ShaW,Hf

Abstract: An argument is advanced to suggest
that infection and damage caused in coniferous
forests by Heterobasidion annosum are markedly
less severe, and survival of the fungus less
common, under cool, wet conditions than in other
climates. This premise is supported by the
author®s incisive insights, experience in
southeastern Alaska, and data from this area and
from other sources. In general, frequent rains
reduce the population of airborne spores and
wash many of them from stump surfaces. Cool
temperatures reduce evaporation of water which
helps to maintain a high moisture content in
stumps that hinders development of H. annosum.
This cool, wet condition also lowers overall
metabolic rates and reduces the availability of
oxygen, which further inhibits infection by, and
survival of, H. annosum in stumps. In contrast,
primarily saprophytic Armillaria spp. survive
under these same conditions and, through rather
rapid colonization of stumps and roots, limit
the opportunity for whatever colonies of H.
annosum do become established to spread and
incite disease in surrounding trees.

Heterobasidion annosum (Fr.) Karst. damages
numerous coniferous tree species growing under
various, primarily temperate, environmental
conditions in many localities around the world
(Pegler and Waterston 1968). It is the
purposely provocative premise of this paper,
however, that damage from this organism is
markedly less in cool, wet environments than in
those characterized by either warm and wet (the
southeastern United States), warm and dry (the
east side of the Sierra Nevada mountains and
south-central Oregon), or cool and dry climates
(interior Scandinavia).

1 developed this hypothesis of limited
impact from annosus root disease in cool, wet
environments after years of often being cold and
sopping-wet while doing fieldwork in
southeastern Alaska. That work revealed limited
infection by, and survival of, H. annosum in
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stumps of Sitka spruce (Picea stichensis (Bong.)
Carr.) and western hemlock (Tsuga heterophylla
(Raf.) Sarg.)--and no damage caused in standing
trees (Shaw 198la, 1989). Additional data to
support the hypothesis were selectively obtained
from other sources.

THE SITUATION IN SOUTHEASTERN ALASKA

Over 160,000 ha of old-growth Sitka spruce/
western hemlock forest have been clearcut
harvested on the mainland and islands of
southeastern Alaska (W. Farr, 1989, Research
Mensurationist, Juneau Alaska, Personal
Communication). Young stands of these species
have regenerated naturally into the clearcut
areas, generally with adequate stocking and
vigorous growth (Harris 1974). At age 15-20
years, many of these stands are precommercially
thinned--an operation that creates numerous
stumps that may serve as infection courts for
root disease fungi.

Spores of H. annosum and Armillaria spp. are
relatively common in these young stands, even
though basidiocarps of H. annosum are rare (Shaw
198l1a,b), as are infections of large and small
stumps of both of those tree species (Shaw
1981a, 1985, 1989, Tait and others 1985). In
contrast, stumps frequently are colonized by
Armillaria spp. (Shaw 198la, 1985, 1989, Tait
and others 1985), probably by contact of their
roots with rhizomorphs or infected roots rather
than by spores (Wargo and Shaw 1985).
Nevertheless, few surrounding trees die.

Butt and stem decay are common in old-growth
trees in the area. In old, affected stands,
gross timber volumes have often been reduced by
one-third or more (Farr and others 1976) by rot
caused primarily by hymenomycetes--H. annosum,
Armillaria spp., and Phaeolus schweinitzii (Fr.)
Pat (Kimmey 1956). Even in these old-growth
forests, however, sporophores of H. annosum are
rare--as noted by Kimmey on an herbarium
collection form filed at the Forestry Sciences
Laboratory in Juneau, Alaska. In addition, T.
Laurent (1981, forest pathologist, Juneau
Alaska; personal communication) found no
basidiocarps of H. annosum, although decay
caused by it was common, during the dissection
of 1776 trees to measure cull volumes at 67
locations in southeastern Alaska (Farr and
others 1976). Several basidiocarps previously
collected in southeastern Alaska and identified
as those of H. annosum (Cooke 1955, Cooke and
Shaw 1952) have been reexamined and found to be
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those of Fomitopsis pinicola (Swartz: Fr.) Karst
(R. Gilbertson, 1981, mycologist, University of
Arizona; personal communication). During 9
years of collecting in southeastern Alaska, |
gathered basidiocarps of H. annosum only once
(Shaw and Florance 1979) and, even with a
monetary bounty inducement, all students except
one found none. Thus, the source of the
airborne spore inoculum that does exist remains
an enigma (Shaw 1981a, b). Perhaps conidia are
involved (Florance and Shaw 1988, Shaw and
Florance 1979).

As indicated, the results of several studies
in southeastern Alaska showed limited stump
colonization by H. annosum--an event which is
considered to be a necessary precursor to
development of damaging levels of disease caused
by H. annosum in managed, young stands of Sitka
spruce and western hemlock. Because of this
situation, 1 have concluded (Shaw 1989) that, in
southeastern Alaska, there is little likelihood
that H. annosum will damage young, managed
stands of Sitka spruce and western hemlock
within the planned 90- to 120-year rotation.
The question, however, still remains--Why not?

ENVIRONMENTAL CONDITION OF STUMPS

My data (Shaw 1981a, 1985, 1989) and those
of Morrison (1976, Morrison and others 1986)
indicate that H. annosum becomes a less common
inhabitant of thinning stumps with movement
northward along the west coast of North
America. With movement north, lower
temperatures (Farr and Harris 1979) and higher
precipitation (Farr and Hard 1987) probably
reduce the aerial spore population of H. annosum
(Reynolds and Wallis 1966). The frequent and
often heavy rains also are likely to wash many
spores from stump surfaces. In Scotland, near
the latitude of southeastern Alaska, Redfern
(1982) suggests that infection of Sitka spruce
stumps may be limited by high rainfall, and that
on sites with high rainfall, H. annosum is
absent from stumps with a high moisture
content. These results resemble those found in
southeastern Alaska where rain is common on any
date (Farr and Hard 1987) and where the moisture
contents (on a percent dry weight basis) of
Sitka spruce and western hemlock stumps are
often well over 100 percent (Shaw 1989).

Perhaps the high moisture content of these
stumps reduces the availability of 0, to a
level that inhibits growth of H. annosum--a
reason suggested for the lack of growth by H.
annosum in white fir wetwood (Worrall and
Parmeter 1983). The low temperatures common in
southeastern Alaska could further affect fungal
utilization of the limited 0, available
because they would lower overall metabolic rates
of the pathogen and inhibit the evaporation of
water from stump surfaces.

In vitro studies indicate that H. annosum
(Worrall and Parmeter 1983), Armillaria spp.-
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(Smith and Griffin 1971, Worrall and others
1986), and an array of other wood-decaying fungi
(Jensen 1967, Scheffer 1986, Worrall and
Parmeter 1983) can grow at extremely low levels
of available 0,. Extrapolation of these in
vitro results to decay of stumps in situ may
not, however, be appropriate. Availability of
0, in woody substrates is complicated by the
patterns of water and air distribution in cell
walls and pores, and how this distribution is
affected by decay, moisture content,
temperature, and other microenvironmental
factors (Boddy 1983).

The moisture content of wood at which no air
spaces would remain can be calculated if the
specific gravity (SG) of the species in question
and that of solid wood substance are known. 1
made such theoretical calculations, using 1.5
for the SC of solid wood substance, a value that
is rather constant regardless of tree species
(Wangaard 1950), and a range of values between
0.34 and 0.44 for the SC of wood from young
Sitka spruce and western hemlock trees in
southeastern Alaska (Farr 1973). These
calculations indicate that, at a moisture
content between 161 percent and 227 percent
(depending on SG), all pore spaces in these
woods would be water-filled and thus unavailable
for air. Many stumps in southeastern Alaska
have moisture contents that high (Shaw 1989).

The results of in vitro studies indicate
that decay by certain fungi is inhibited in
Sitka spruce wood at moisture contents around
150 percent and that decay stops near 190
percent (Boyce 1961)--a value within the
theoretical range (as calculated above) for all
available wood pore spaces to be water-filled.
Redfern (1989) suggests that at moisture
saturation levels somewhere between 70 and 80
percent, Sitka spruce wood is unsuitable for
growth of H. annosum. Using a SG of 0.36, this
70 percent saturation level corresponds to a
moisture content of 147 percent, a value that is
exceeded in many of the stumps in southeastern
Alaska, particularly Sitka spruce (Shaw 1989).
Even though in southeastern Alaska, H. annosum
frequently failed to colonize stumps with a
moisture content below that necessary for total
occupancy of the pore spaces by water, these
calculations appear to support the contention
that the reduced availability of 0, may limit
colonization of wet, cool stumps by H. annosum.

Growth of Armillaria spp. also may be
reduced at extremely low levels of available
0, (Smith and Griffin 1971, Worrall and others
1986) . However, three features of stump
colonization by this fungus, in contrast to that
by H. annosum, could allow Armillaria spp. to
survive in 0,-poor stump wood:

1) Typically, H. annosum initially
colonizes the more interior portions of stumps,
while Armillaria initiates colonization between
the bark and wood where more air is likely to be
present.

2) Rhizomorphs of Armillaria spp., which
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are common on interior surfaces of bark on these
stumps and in the surrounding soil, can absorb
0, at their growing tips (Smith and Griffin
1971) . Although it is unclear how far back
along the rhizomorph such absorbed 0, might be
transported and utilized, certain ions can be
transported basipetally within rhizomorphs
(Granlund and others 1985, Morrison 1975).
Morrison (1976) also suggested that, when
Armillaria grows from buried wood blocks with a
high moisture content (170 percent), which thus
have a limited supply of 0, available in the
food base, the 0, requirement for fungal
growth may be met by absorption from the soil
atmosphere. Depending on the effective distance
of 0, transport along the rhizomorph, this
mechanism may allow for growth of mycelium that
is located in an 0,-poor, wood environment.

3) Growth of Armillaria may be stimulated,
even at low levels of 0, (Worrall and others
1986), by ethanol (Weingold and Garroway 1966),
which can be a by-product of metabolism in
Armillaria spp. (Tarry 1968) and other common
soil microorganisms often associated with
Armillaria spp.

The frequent occurrence of Armillaria spp.
in stumps from southeastern Alaska (Shaw 1989,
Tait and others 1985) agrees with data from
northern British Columbia (Morrison and others
1986) where 32 percent of the non-pine stumps
were infected with an Armillaria sp. identified
as North American Biological Species (NABS) V
(Anderson and Ullrich 1979). The NABS of
Armillaria spp. in stumps from southeastern
Alaska are poorly understood, but NABS V and IX
are common in the region (Shaw and Loopstra
1988) . Because these two species have limited
pathogenic capabilities on coastal species and
sites (Morrison and others 1985, Shaw and
Loopstra 1988, Wargo and Shaw 1985), their
common occupancy of stump wood may deter spread
of the limited H. annosum that does inhabit
stumps, rather than act as an incitant of
disease (Greig 1962, Morrison and Johnson 1978,
Shaw 198la, 1989).

WHAT DOES IT ALL MEAN?

Some might consider these ramblings to be
rash, data-free analysis. 1 challenge those
active in research on H. annosum, however, to
critically evaluate the following scenarios, to
find the researchable topics, and go at it!
Heterobasidion annosum is markedly less able to
incite disease in managed, young stands growing
under cool, wet conditions than in other
climates. This situation develops because in a
cool, wet environment the airborne population of
spores is reduced and many of those that are
deposited on stump surfaces are washed away. In
addition, low temperatures reduce evaporation of
water which helps to maintain a high moisture
content in stumps. This condition reduces the
availability of 0,, thereby inhibiting
infection by, and survival of, H. annosum in
stumps. Low temperatures also reduce the
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ability of H. annosum to utilize the limited
0, that is available by lowering overall
metabolic rates. In contrast, the primarily
saprophytic Armillaria spp. survive under those
conditions and, through rather rapid
colonization of stump and root wood, limit the
opportunity for whatever H. annosum does become
established to spread and incite disease in
surrounding trees.

An alternate scenario is that H. annosum
becomes established in aboveground wounds on
standing, live trees rather than through contact
with roots of infected stumps (Pawsey and
Gladman 1965). Such aboveground wounds may
offer a dryer, more hospitable infection court
than water-logged stumps. They are likely the
sites where H. annosum became established
decades ago in old-growth trees in southeastern
Alaska that now contain extensive decay columns
caused by H. annosum. Even though substantial
levels of stump infection are generally
considered a prerequisite to development of
damaging disease levels in managed, young
stands, a preponderance of stem wounds, if
infected with H. annosum, could be important in
disease development. The importance of
aboveground wound infection increases when there
is an extended time period between thinning and
final harvest (that is, 50 or more years), as is
anticipated for managed, young stands in
southeastern Alaska. Thus, this possibility
also needs investigation.

REFERENCES

Anderson, J.B.; Ullrich, R.C. 1979. Biological
species of Armillaria mellea in North
America. Mycologia 71:402-414.

Boddy, L. 1983. Microclimate and moisture
dynamics of wood decomposing in terrestrial
ecosystems. Soil Biology and Biochemistry
15:149-157.

Boyce, J.S. 1961. Forest Pathology. New York:
McGraw-Hill. 572 p.

Cooke, W.B. 1955. Some fungi from Alaska.
Northwest Science 29:127-138.

Cooke, W.B.; Shaw, C.G. 1952. Notes on Alaskan
fungi. Washington State College Research
Studies 20:15-20.

Farr, W.A. 1973. Specific gravity of western
hemlock and Sitka spruce in southeast
Alaska. Wood Science 6:9-13.

Farr, W.A_.; Hard, J.S. 1987. Multivariate
analysis of climate along the southern coast
of Alaska--some forestry implications. Res.
Paper PNW-372. Portland, OR: Pacific
Northwest Forest and Range Experiment
Station, Forest Service, U.S. Department of
Agriculture; 38 p.

Farr, W.A.; Harris, A.S. 1979. Site index of
Sitka spruce along the Pacific coast related
to latitude and temperatures. Forest Science
25:145-153.

Farr, W_A.; Labau, V.J.; Laurent, T.H. 1976.
Estimation of decay in old-growth western
hemlock and Sitka spruce in southeast

103



Alaska. Res. Paper PNW-204. Portland, OR:
Pacific Northwest Forest and Range
Experiment Station, Forest Service, U.S.
Department of Agriculture; 24 p.

Florance, E.R.; Shaw, C.G., 11l1. 1988. Surface
morphology of basidiospores from decay fungi
that are common in Pacific Northwest
forests. Northwest Science 62:233-241.

Granlund, H.1.; Jennings, O.H.; Thompson, W.
1985. Translocation of solutes along
rhizomorphs of Armillaria mellea.
Transactions of the British Mycological
Society 84:111-119.

Greig, B.J.W. 1962. Fomes annosus (Fr.) Cke.
and other root-rotting fungi in conifers on
ex-hardwood sites. Forestry 35:164-182.

Harris, A.S. 1974. Clearcutting, reforestation
and stand development on Alaska®s Tongass
National Forest. Journal of Forestry
72:330-337.

Jensen, K.F. 1967. Oxygen and carbon dioxide
affect the growth of wood-decaying fungi.
Forest Science 13:384-389.

Kimmey, J.W. 1956. Cull factors for Sitka
spruce, western hemlock and western redcedar
in southeast Alaska. Sta. Paper No. 6,
Juneau, AK: Alaska Forest Research Center,
Forest Service, U.S. Department of
Agriculture; 31 p.

Morrison, D.J. 1975. lon uptake by rhizomorphs
of Armillaria mellea. Canadian Journal of
Botany 53:48-51.

Morrison, D.J. 1976. Vertical distribution of
Armillaria mellea rhizomorphs in soil.
Transactions of the British Mycological
Society 66:393-399.

Morrison, D.J.; Chu, D.; Johnson, A_.L.S. 1985.
Species of Armillaria in British Columbia.
Canadian Journal of Plant Pathology
7:242-246.

Morrison, D.J.; Johnson, A_L.S. 1978. Stump
colonization and spread of Fomes annosus 5
years after thinning. Canadian Journal of
Forest Research 8:177-180.

Morrison, D.J.; Larock, M.D.; Waters, A_.J.

1986. Stump infection by Fomes annosus in
spaced stands in the Prince Rupert forest
region of British Columbia. Inf. Rep. BC-X-
285. Victoria, BC: Pacific Forest Research
Centre, Canadian Forest Service. 12 p.

Pawsey, R.G.; Gladman, R.J. 1965. Decay in
standing conifers developing from extraction
damage. H.M.S.0. London: Forestry Commission
Forest Record No. 54. 25 p.

Pegler, D.N.; Waterston, J.M. 1968.
Heterobasidion annosum. Descriptions of
Pathogenic Fungi and Bacteria, Set 20, No.
192. London: Commonwealth Mycological
Institute. 2 p.

Redfern, D.B. 1982. Infection of Picea
sitchensis and Pinus contorta stumps by
basidiospores of Heterobasidion annosum.
European Journal of Forest Pathology
12:11-25.

Redfern, D.B. 1989. Factors affecting
infection of Sitka spruce stumps by
Heterobasidion annosum and the implications
for disease development. Pages 297-307 in:

104

D.J. Morrison, ed. Proceedings of the 7th
IUFRO Conference Root and Butt Rot in Forest
Trees; 1988 August; Vernon and Victoria, BC:
Pacific Forest Research Centre. 680 p.

Reynolds, G.; Wallis, G.W. 1966. Seasonal
variation in spore deposition of Fomes
annosus in coastal forests of British
Columbia. Canadian Forest Service Bi-monthly
Research Notes 22(4):6-7.

Scheffer, T.C. 1986. 0, requirements for
growth and survival of wood-decaying and
sapwood-staining fungi. Canadian Journal of
Botany 64:1957-1963.

Shaw, C.G., Ill. 1981a. Infection of western
hemlock and Sitka spruce thinning stumps by
Fomes annosus and Armillaria mellea in
southeast Alaska. Plant Disease 65:967-971.

Shaw, C.G., 1ll. 1981b. Basidiospores of
Armillaria mellea survive an Alaskan winter
on tree bark. Plant Disease 65:972-974.

Shaw, C.G., 1ll. 1985. Colonization of conifer
thinning stumps by root disease fungi in SE
Alaska. Phytopathology 75:1294 (Abstract).

Shaw, C.G., 1ll. 1989. Root disease threat
minimal in young stands of western hemlock
and Sitka spruce in southeast Alaska. Plant
Disease 73:573-577.

Shaw, C.G., 1l1l; Florance, E.R. 1979. Scanning
electron microscopy reveals differences in
surface morphology between basidiospores and
conidia of Heterobasidion annosum. European
Journal of Forest Pathology 9:249-254.

Shaw, C.G., 1l1l; Loopstra, E. 1988.
Identification and pathogenicity of some
Alaskan isolates of Armillaria.
Phytopathology 78:971-974.

Smith, A.M.; Griffin, D.M. 1971. Oxygen and the
ecology of Armillaria elegans Heim.
Australian Journal of Biological Sciences
24:231-262.

Tait, S.M.; Shaw, C.G., 111; Eglitis, A. 1985.
Occurrence of insect and disease pests on
young-growth Sitka spruce and western
hemlock in southeastern Alaska. Res. Note
PNW-433. Portland, OR: Pacific Northwest
Forest and Range Experiment Station, Forest
Service, U.S. Dept. of Agriculture; 16 p.

Tarry, J.C. 1968. The dieback of Ceanothus with
emphasis on some of the physiological
aspects of Armillaria mellea. Pullman, WA:
Washington State University. Ph.D. thesis.
102 p.

Wangaard, F.F. 1950. The mechanical properties of
wood. New York: John Wiley & Sons. 377 p.

Wargo, P.M.; Shaw, C.G., Il1l1. 1985. Armillaria
root rot--the puzzle is being solved. Plant
Disease 69:826-832.

Weinhold, A.R.; Garroway, M.O. 1966. Nitrogen
and carbon nutrition of Armillaria mellea in
relation to growth promoting effects of
ethanol. Phytopathology 56:108-112.

Worrall, J.J.; Chet, I.; Huttermann, A. 1986.
Association of rhizomorph formation with
laccase activity in Armillaria spp. Journal
of General Microbiology 132:2527-2533.

Worrall, J.J.; Parmeter, J.R., Jr. 1983.
Inhibition of wood-decay fungi by wetwood of
white fir. Phytopathology 73:1140-1145.

USDA Forest Service Gen. Tech. Rep. PSW-116



