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Abstract

Thies, Walter G.; Sturrock, Rona N. 1995. Laminated root rot in western North America. Gen. Tech. Rep. PNW-
GTR-349. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.
32 p. In cooperation with: Natural Resources Canada, Canadian Forest Service, Pacific Forestry Centre.

Laminated root rot, caused by Phellinus weirii (Murr.) Gilb., is a serious root disease affecting Douglas-fir and other
commercially important species of conifers in northwestern North America. This report gives an overview of the dis-
ease as it occurs in the Pacific Northwest in Canada and the United States. Information on recognizing crown symp-
toms and signs of the disease is presented. The disease cycle of laminated root rot, from initiation to intensification
and distribution within infected stands, is described. Finally, disease management strategies during stand develop-
ment and at stand regeneration are discussed. Features on the nomenclature of the fungus and on its management
by silvicultural and mechanical approaches also are included. The report is intended as a general reference for a
wide audience.

Keywords: Inonotus sulphurascens, laminated root rot, Phellinus sulphurascens, Phellinus weiri, Poria weirii, root
diseases.

Preface

The information presented here has been compiled from many sources and represents both published research find-
ings and observations of forest pathologists and resource managers in the Pacific Northwest in Canada and the
United States. Some of the management recommendations are based on research still in progress. Although much
of the information focuses on high volume coastal stands, it can be generally applied to both coastal and inland (east
of the crest of the Cascade Range) stands. This report is intended as a general reference for a wide audience in-
cluding laypersons, resource managers, students, and members of the research community. Although many primary
references are listed, a complete literature review or listing of all publications on laminated root rot is beyond the
scope of this presentation.

This report updates information in earlier publications intended to provide a guide to resource managers: Hadfield
1985, Hadfield and others 1986, Morrison and others 1992, Thies 1984, and Wallis 1976. These earlier publications
are recommended as sources for additional color illustrations to augment those shown here.




Table I-Susceptibility of western North American tree species to laminated root rot

Level of susceptibility”
and species

Scientific name

Highly susceptible:
Douglas-fir
Grand fir
Mountain hemlock
Pacific silver fir
White fir

Intermediately  susceptible:

California red fir
Engelmann spruce
Giant sequoia
Noble fir

Pacific yew

Sitka spruce
Subalpine fir
Western hemlock
Western larch

Tolerant:
Lodgepole pine
Sugar pine
Western white pine

Resistant:

Alaska-cedar
Incense-cedar
Ponderosa pine
Port-Orford-cedar
Redwood

Western redcedar

Immune:
Hardwoods"-
Bigleaf maple
Mallow ninebark
Ocean-spray
Red alder

Rocky Mountain maple

Vine maple

Pseudotsuga menziesii (Mirb.) Franco

Abies grandis (Dougl. ex D. Don) Lindl.

Tsuga mertensiana (Bong.) Carr.

Abies amabilis Dougl. ex Forbes

Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.

Abies magnifica A. Murr.

Picea engelmannii Parry ex Engelm.
Sequoiadendron giganteum (Lindl.) Buchholz
Abies procera Rehd.

Taxus brevifolia Nutt.

Picea sitchensis (Bong.) Carr.

Abies lasiocarpa (Hook.) Nutt.

Tsuga heterophylla (Raf.) Sarg.

Larix occidentalis Nutt.

Pinus contorta Dougl. ex Loud.
Pinus lambertiana Dougl.
Pinus monticola Dougl. ex D. Don

Chamaecyparis nootkatensis (D. Don) Spach
Libocedrus decurrens Torr.

Pinus ponderosa Dougl. ex Laws.
Chamaecyparis lawsoniana (A. Murr.) Parl.
Sequoia sempervirens (D. Don) Endl.

Thuja plicata Donn ex D. Don

Acer macrophyllum Pursh.

Physocarpus malvaceus (Greene) Kuntze
Holodiscus discolor (Pursh) Maxim.

Alnus rubra Bong.

Acer glabrum Torr.

Acer circinatum Pursh

“Levels of susceptibility: high-readily infected and readily killed; intermediate-readily infected, usually not
killed, often develops butt decay; tolerantinfrequently infected unless growing in association with the
most susceptible species, rarely killed; and resistant-rarely infected, almost never killed.

PAll hardwoods are immune.

Sources: Adapted from Filip and Schmitt 1979, Hadfield 1985, Nelson and Sturrock 1993, Wallis 1976.
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Douglas-fir is the most economically important host of
P. weirii, but most conifer species are susceptible to
some degree (table 1). Laminated root rot is estimated
to reduce timber production by about 4.4 million cubic
meters (157 million cubic feet) annually (Nelson and
others 1981). Although timber volume losses to P. weirii
are most conspicuous as mortality or windthrow, tree
growth also may be reduced for several years before
death (Bloomberg and Reynolds 1985, Thies 1983). It
has been estimated that laminated root rot occurs on

8 percent? of the commercial forest land in Washington
and Oregon and causes a 40- to 70-percent reduction
in wood volume on the areas affected (Goheen and
Hansen 1993). The effects of laminated root rot are
variable, but generally stand density and timber produc-
tion fall below those of uninfected stands. Substantial
reductions in timber volume and growth have been
demonstrated in some second-growth Douglas-fir
stands (Bloomberg and Reynolds 1985; Bloomberg and
Wallis 1979; Buckland and others 1954; Lawson and
others 1983; Mounce and others 1940; Thies 1982,
1983).

Reduced volume of preferred timber species due to
disease mortality or growth loss may be partially offset
by regeneration of less susceptible species in the
created openings or by the increased growth of adja-
cent susceptible, but uninfected, residual trees (Oren
and others 1985).

Regardless of its effects, laminated root rot is a signifi-
cant natural force to be considered by resource manag-
ers, whether planning for individual stands or entire
ecosystems. Society today demands an increasingly
broad range of forest products and experiences,
including an ever-increasing volume of fiber from a
continually shrinking base of commercial forest land.
Understanding and properly managing laminated root
rot is imperative to achieving desired management
objectives.

%personal communication, Don Goheen, U.S. Department of
Agriculture, Pacific Northwest Region, Forest Pest Management,
Medford. OR.
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diffuse distribution. A management strategy that
assumes clumped inoculum distribution is unlikely to
yield the desired results if distribution is diffuse.

Disease intensification

The amount of laminated root rot on a site at a given
time and its ability to intensify are determined by the
initial amount of inoculum, rate of disease spread,
existence and distribution of hosts, and time since first
infection. With a fungus such as P. weirii that is spread
vegetatively rather than by spores, initial inoculum is
particularly important in disease intensification. Inap-
propriate management strategies or operational tech-
niques also may increase the disease; for example,
repeated regeneration with highly susceptible species
on a 1? weirii-infested site likely will result in an in-
creased incidence of the disease (Tkacz and Hansen
1982, Wallis and Reynolds 1965).

Unmanaged Stands-In some unmanaged old-growth
stands, inoculum is probably kept at a relatively low
density by natural processes. These stands have fewer
but larger trees than do second-growth stands, and
relatively few trees will be infected. As a tree reaches
advanced stages of the disease, it usually is wind-
thrown, thereby effectively removing the root collar and
often a lot of infected root material from the soil, reduc-
ing the amount of inoculum, and disrupting residual
roots. Breaking of substrate continuity and subsequent
invasion by antagonistic, soil organisms likely reduce
the period of residual inoculum viability. The openings
created by falling trees may well support less suscep-
tible conifers, nonhost shrubs, or hardwood tree
species for many years before highly susceptible host
species reoccupy the site. Thus, natural succession
may provide time for the P. weirii inoculum to be
rendered ineffective before host species occupy the
site.

In some situations, most often in inland stands, hard-
wood and shrub species do not readily regenerate, and
many susceptible conifer species are a natural part of
the stand. In such places, laminated root rot openings
will be continually regenerated by susceptible species,
and little change is likely to occur in inoculum density
from one generation to the next.

Managed stands-In contrast to the situation for
unmanaged stands, management of second-growth
stands of susceptible species probably encourages
buildup of inoculum. A common scenario for such
stands is this: at the time of conventional harvest,
usually at age 50 to 70 years in coastal stands or 90
to 120 years in inland stands, some relatively large
disease centers exist; they will contain down and
standing dead trees among the live infected trees.

As a result of harvest, nearly all standing live or dead
infected trees will leave behind an infected stump and
root system. The site is then immediately planted or
regenerates naturally, often with Douglas-fir or another
species highly susceptible to laminated root rot. Thus,

in managed second-growth stands, much of the original
P. weirii inoculum is left undisturbed at harvest, and
with the immediate reintroduction of a susceptible
species, the incidence and intensity of the disease

will increase. In starting with a diffuse but detectable
infection and the absence of any successful interven-
tion to mitigate effects of laminated root rot in managed
stands, resource managers may lose more than half
the predicted harvest volume after two or three rota-
tions of a highly susceptible host like Douglas-fir.

Interaction With Bark Beetles

In many areas, a high proportion of P. weirii-infected
trees are actually killed by bark beetles and not by the
fungus. Bark beetles rarely kill healthy, vigorous trees.
Rather, they prefer or are most successful on trees
weakened by fire, drought, defoliating insects, injury,
intense competition, or disease. Laminated root rot is a
particularly significant predisposing agent. Phellinus
weirii-infected Douglas-firs, 30 centimeters (12 inches)
in diameter at breast height (d.b.h.) or greater, are
commonly infested by Douglas-fir beetles (Dencfroc-
tonus pseudotsugae Hopkins), and smaller diseased
Douglas-firs are generally hosts to Douglas-fir pole
beetles (Pseudohylesinus nebulosus (LeConte)) or
Douglas-fir engravers (Scolyrus unispinosus LeConte).
Phellinus weirii-infected white and grand firs are
frequently infested by fir engravers (S. ventralis
LeConte). Managers checking dead and dying trees
should be aware of the common association between
root diseases and bark beetles. The search for cause
of death should not end with discovery of beetle galler-
ies. Roots should be examined also for signs of
disease (Goheen and Hansen 1993).

Phellinus weirii plays a significant role in maintaining
endemic bark beetle populations over time. Phellinus
weirii and other root diseases provide a continuous
source of favorable host material for beetles between
those times when conditions are favorable for epidem-
ics.

Influence of Fire

Most natural and human-caused fires have little effect
on the survival of P. weirii inoculum. Only those fires
intense enough to destroy entire root systems affect
survival of the fungus. Fire does influence root dis-
ease, though, by influencing species composition on
infested sites. Conifer species most favored by fire are
also those generally least susceptible to infection and
damage by P. weirii. Hardwoods, which are immune to
the fungus, are common postfire invaders. In areas
with histories of frequent fires, root disease pockets
probably remain relatively small because of a Constant
flux of low-susceptibility species. Where fire exclusion
is most successful, there is an increase in the propor-
tion of shade-tolerant, susceptible conifers and concur-
rently in the amount of laminated root rot.
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portions of stands, especially where wildlife habitat or
visual objectives are enhanced by the disease.

Strategies During Stand Development

Management recommendations currently include
surveying to determine the extent and magnitude of
disease effects or inoculum load on the site, to locate
all infection centers and mark a buffer around each,
and to either replant the site with suitable, less suscep-
tible tree species or reduce the amount of inoculum.
Intensive silviculture treatments,. such as vegetation
control and fertilization, help increase the volume
recovered from a diseased site and shorten the time
needed for remaining crop trees to reach harvestable
size. These treatments will not make host trees less
susceptible to infection by P. weirii, however. The
ability of P. weirii to infect and colonize roots is not
correlated with tree vigor (Goheen and Hansen 1994).

Survey-The first and most important step in develop-
ing a management strategy for a stand with laminated
root rot is to assess the root disease. This may be
done in several ways, such as ground surveys or
remote sensing. Personnel conducting surveys must
be well trained and experienced in identifying signs and
symptoms of the disease.

Before harvest- After P. weirii has been confirmed

in a stand, disease distribution and intensity should be
determined. This information is critical to successfully
managing the disease. Resource managers should be
aware that the design and intensity of root disease
surveys differ among regions and jurisdictions, depend-
ing on the experience and preferences of personnel
who develop and conduct the surveys and on the kind
of information required. Survey data also provide
information required to develop and use root disease
models.

Survey designs range from regularly or randomly
spaced transects to systematically spaced, variable- or
fixed-radius plots. For example, distribution and size

of disease centers and total area affected can be
estimated by using variations of the following: (1) an
interval traverse grid method (suggested 50-meter
[160-foot] interval) is established and crews sketch map
centers based on aboveground symptoms only; (2) a
transect-intercept method that uses aboveground
symptoms and presence of pathogen-specific signs,
such as superficial mycelia, setal hyphae, or pitted
laminated decay; or (3) aerial photographs may be
used where species composition, age, and past
disturbance do not obscure root disease signatures
(Bloomberg and others 1980a, 1980b; Hadfield and
others 1986; Morrison and others 1992; Williams and
Leaphart 1978). Relative levels of root disease severity
have been efficiently assessed for inland stands by
using 1/25,000-scale true color or color infrared aerial
photographs (Hagle 1993, Hagle and others 1992).

20

This method is used routinely to characterize the root
disease in ecosystem management project analyses in
northern ldaho and western Montana. Problems have
been encountered when aerial surveys have been used
to estimate the area affected by root disease in stands
of pole-size and larger trees west of the crest of the
Cascade Range.

After harvest-Although surveys of laminated root rot-
affected stands are necessary to plan any management
activity, if a mitigative strategy (such as inoculum re-
moval) is planned after harvest, then an after-harvest
survey may be necessary to further assess the extent
of the disease. Before harvest, openings are easy to
locate and map; however, only obvious openings, down
trees, or trees with severe crown symptoms will be
detected. If the disease has a diffuse distribution, many
infected trees will be missed and survey results will not
accurately estimate disease distribution and intensity.

Timber fallers familiar with the stain and decay caused
by P. weirii may provide assistance to after-harvest
surveys by marking the stump tops of infected trees
with distinctive chainsaw cuts. They could, for ex-
ample, make an “X” or shallow parallel cuts perpendicu-
lar to the hinge (fig. 24). Stump tops marked with
chainsaw cuts can be readily identified after logging or
slash burning, the presence of the fungus confirmed,
and the locations noted on a map. Although most
infected stumps will be found after harvest by using this
procedure, a few will be missed because the fungus
has invaded the roots but has not yet reached stump
height and caused the characteristic stain. Alterna-
tively, after-harvest surveys can be conducted, and
infected stumps can be mapped or marked with paint
or tags.

Precommercial stands- If root disease centers are
numerous and widely distributed in sapling stands,
consideration should be given to destroying the planta-
tion and either replanting with immune or low-suscepti-
bility species or reducing inoculum and replanting with
any suitable species. Although this option may be
unattractive because of lost time and investment, the
treatment could significantly increase final yield. It is
also possible to mitigate disease impacts during
precommercial thinning. Immune and low-susceptibility
species should be retained to create barriers to the
spread of P. weirii by preventing root contacts between
susceptible trees. An area with scattered dead and
dying individual trees could be interplanted with tolerant
or immune species. If distribution of inoculum in a
stand is known to be aggregated and not diffuse, trees
in disease centers and an adjacent buffer could be
removed to reduce spread of the fungus to the rest of
the stand. If stocking needs to be increased, resistant
or immune species can be planted in disease centers
and buffers.

Commercial stands-Commercial thinning is a stand
improvement operation, and managers should consider

Continue
















considerable effort to be focused on this approach in
the last two decades. Concepts that have been or are
currently being tested include planting low-suscept-
ibility species: planting a mixture of immune or low-
susceptibility species with susceptible species to break
continuity of susceptible root systems and thereby slow
spread of the disease; and rotating the conifer crop with
immune species (hardwoods).

Preliminary results from planting low-susceptibility
species show little or no mortality from laminated root
rot. Preliminary results from mixed species plantings
suggest that this approach does not significantly reduce
mortality of susceptible species (Wallis 1976). Of
hardwoods used in field trials, red alder has received
the most attention because of its hypothesized function
as “a natural biological control of laminated root rot”
(Nelson and others 1978). Red alder functions as a
productive occupier of the site by keeping susceptible
host species out while producing desired benefits (fiber,
cover, and site enhancement), thus allowing time for P.
weirii inoculum to die. Studies with red alder continue.

As a practical matter, while research continues on other
strategies, species manipulation remains the strategy of
choice on sites heavily infested by P. weirii. With the
crest of the Cascade Range in the United States and
the crest of the Coast Range in British Columbia as
dividing lines, to the west red alder, bigleaf maple,
western redcedar, and western white pine are planted,
and to the east, pines (lodgepole, ponderosa, and
western white), western larch, incense-cedar, and
hardwoods are used as alternative species. In south-
west Oregon, the recommended alternative species,
depending on the site, include ponderosa pine, sugar
pine, western white pine, incense-cedar, western
redcedar, and hardwoods.

In northern Idaho, western Montana, and the Blue
Mountains of Oregon and Washington, increasing
species diversity is the strategy of choice for reducing
losses to P. weirii. Commercial tree species resistant to
or tolerant of P. weirii include western white pine,
ponderosa pine, lodgepole pine, western larch, and
western redcedar. Although western hemlock may
prove to be resistant to killing by P. weirii, it often
develops extensive butt rot. Uncertainty about the
ability of this species to survive for extended periods in
the presence of the pathogen suggests caution when
using this species on infested sites.

Resistant Douglas-fir-Given the long life of a natural
stand, the near ubiquitous distribution of P. weirii in
Douglas-fir and grand fir timber types, and the ability of
the fungus to survive in Stumps and roots for extended
periods, it might be expected that highly susceptible
species, such as Douglas-fir, would have been reduced
to scattered pockets. Yet, this is not the case; these
species thrive in extensive stands. The total area of
commercial forests with reduced fiber production due to

laminated root rot is significant, but less than might be
expected, given the spread rate of the pathogen. The
cause for moderation in disease losses is undetermined
but may be associated, at least in part, with variable
resistance within host species.

Differential resistance of Douglas-fir to attack by P.
weirii is reported by Buckland and others (1954), who
suggest that trees showing tolerance to the fungus are
those able to compensate for killed roots by producing
callus tissue and adventitious roots (fig. 6) and thus
maintain their vigor. Differential resistance of rooted
cuttings to infection by P. weirii was observed among
selected Douglas-fir clones (Entry and others 1994).
Another host response to infection may be the active
production of either mechanical or chemical defenses,
which limit the wood colonized by the pathogen.
Evidence of this can be seen in stumps having centers
hollowed by P. weirii (fig. 20), but excavation and
examination reveal no sign of the fungus in any of the
major roots. These are only two of likely many forms of
host adaptation to P. weirii. Whether these responses
are genetically controlled, environmentally controlled, or
a combination of the two is not known. Additional
research is needed on P. weirii -host interactions. As
yet, tree improvement programs have not been estab-
lished to select trees with apparent resistance to P.
weirii.

Spacing strategy-Proper spacing and location of
seedlings may greatly reduce laminated root rot devel-
opment in infected coastal Douglas-fir stands. Observa-
tions made during stump and root excavations in three
coastal stands each growing on sites with deep soils,
led to the conclusion that there are few root contacts
between Douglas-fir aged 60 years or less and spaced
at least 4 meters (13 feet) apart.® Thus, if trees in
regenerating stands are at least 4 meters apart and
growing in deep soil, their roots should not frequently
come in contact until sometime after stand age 60.

The following spacing strategy is proposed for infested
coastal stands with deep soils: plant seedlings at a
normal spacing, then thin as soon as possible after the
stand is considered established but before stand age
10 years. Select as crop trees those seedlings furthest
from residual stumps and spaced at least 4 meters
apart. Stands may have to be treated at 5-year inter-
vals to remove volunteer seedlings of host species.
The goal of this strategy is to lengthen the normal time
to closure of the root systems in the replacement stand.
Although some seedlings will contact residual inoculum
and die from laminated root rot, secondary infections,
which would normally occur across root contacts in a
dense stand, will be reduced. Rooting habit of Douglas-fir
will differ depending on the soil type. This strategy is less
likely to be successful where the soil conditions encour-
age a shallow, spreading root habit.

SUnpublished data, Walter G. Thies.
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. Synopsis

&

Laminated root rot, caused by P. weirii is a serious root
disease affecting Douglas-fir and other commercially
important species of conifers in northwestern North
America. The disease is estimated to reduce timber
volume and growth by over 4 million cubic meters (157
million cubic feet) annually.

Laminated root rot is often first detected during ground
surveys when stand openings with windthrown and
standing dead diseased trees are observed. These
opening or disease centers differ in size from one to
several hectares and may be occupied by hardwoods
or disease-tolerant conifer species.

Crown symptoms caused by P. weirii include reduced
terminal growth, yellowing, and stress-induced cone
crops. Specific signs of the fungus include ectotrophic
mycelia on roots, reddish-brown stain in infected roots
or on Stump tops, laminated decay, and distinctive setal
hypha associated with ectotrophic mycelia or advance
decayed wood.

Phellinus weirii is only known to spread by root contact
between infected trees or infected stumps and suscep-
tible trees. The fungus infects and decays host roots,
which results in reduced uptake of water and nutrients
and weakened structural support. As the fungus
spreads and kills more trees, characteristic stand
openings appear and expand at about 30 centimeters
(1 foot) annually.

When infected trees die, the pathogen may continue to
live saprophytically for at least 50 years in colonized,
old-growth stumps and for several decades in second-
growth stumps. The inoculum potential of colonized
stumps decreases with time. Basidiospores dispersed
by the fungus are believed to be unimportant in initiat-
ing new infections.

The occurrence and distribution of P. weirii and the
effect it has on any one stand will depend on several
factors, including site conditions, stand age, and the
disease history of the stand. The presence of P. weirii-
infected trees may increase other pest problems in a
stand, such as bark beetle activity. Accurate assess-
ment of disease distribution in stands through a root
disease survey is a necessary precursor to the selec-
tion of disease management strategies.

There are several management strategies for laminated
root rot. A resource manager will choose an appropri-
ate strategy based on several factors, including stand
age and site conditions, local economic or other con-
straints, and desired outcomes. Strategies may be
applied during stand development through modifica-
tions to planting or thinning regimes. Most strategies
for managing laminated root rot are best conducted at
the time of stand regeneration when inoculum can be
reduced through stump removal or other means or
when tree species that are immune or of low suscepti-
bility to the fungus can be planted. Research continues
on management strategies and on integrating knowl-
edge of laminated root rot into growth and yield models.
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