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ARMILLARIA ROOT

DISEASE

(IDAHO DEPARTMENT OF LANDS)

Introduction

Root diseases are the most damaging native
forest diseases in northern Idaho. They are
also, unfortunately, the most difficult to
recognize and manage. Infected trees suffer
reduced growth, mortality, and increased
attractiveness and susceptibility to bark beetle
attack. At the stand level, root diseases
reduce timber volume and stocking, alter the
rate and direction of forest succession, and
interfere with short- and long-term forest
management objectives.

Root diseases are caused by fungi that
colonize and gradually decay tree roots,
causing a loss of root system function and
structure. Loss of root function gradually
weakens and kills trees. Loss of root structure
can result in windthrow of live trees and
accelerated collapse of dead ones.

The most important root diseases in Idaho are
Armillaria root disease, laminated root rot, and
annosus root disease. Any combination of the
fungi that cause these diseases, referred to as
Airoot disease compl exe
same stand, and sometimes on the same tree.

Recognition and consideration of Armillaria
root disease is critical for forest management
planning in northern ldaho. In southern Idaho
it is found in higher-elevation lodgepole pine
but infrequently in lower-elevation, dry sites.

Susceptibility to Armillaria Root
Disease

e Highly susceptible: Douglas-fir, subalpine
fir, and grand fir.

e Moderately susceptible: Engelmann
spruce, western redcedar, and western white
pine.

e Least susceptible: Western larch,
lodgepole pine, and ponderosa pine
(generally).

Key Point: Variation in host
resistance to Armillaria root
disease is not expressed before
approximately age 15 to 20.
Prior to this age, conifer species
are considered equally
susceptible.

Biology

Armillaria root disease is caused by the fungus

Armillaria ostoyae. Other Armillaria species
Siffect cAhfeds infd8ho, fok thetdareityBicafiyh €

found on trees dead or dying from other

causes. The mushrooms, or fruiting bodies, of

A. ostoyae are golden-colored and grow in

clumps from the base of infected stumps or

trees, often after fall rains (Figure 1).
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Figure 1. Cluster of Armillaria fruiting bodies at base of
infected tree. (Photo by Gregory M. Filip, USDA Forest
Service).

Spores from these fruiting bodies establish new
clones, or genets, of the fungus. Rates of spore-
spread appear higher in relatively moist versus
dry forests in the Inland West. Variable numbers
of A. ostoyae genets can exist within a stand,
occupying separate areas or abutting as they
expand. Spore infection by A. ostoyae is
considered relatively rare in the short-term and is
not considered in disease management.

Around an established genet, the mycelium, or
vegetative tissue of the fungus, spreads
approximately one to several feet per year along
roots and tree-to-tree at root contacts. The
mycelium grows between the bark and inner
wood, subsequently decaying root wood from the

outside. Armillaria ostoyae also grows short
distances through the soil and along root surfaces
by means of fine, root-like structures called
rhizomorphs.

Armillaria ostoyae can stay alive in infected root
systems of dead trees for several decades,
causing new infections as roots of non-infected
trees contact inoculum, or fungus-infected woody
tissue, of the previous stand. Because of the
ability to persist on a site, cause mortality in
successive forest generations, and expand when
susceptible hosts are present, root disease is
referred to as a

Disease severity in a forest occupied by one or
more genets of A. ostoyae can be highly variable
and expressed as any combination of large
centers of concentrated mortality; small, widely-
distributed centers of concentrated mortality; or
diffuse mortality (s e e di scussi on
of disease expression within Armillaria root
disease). Genets can expand over just fractions of
an acre to tens or even hundreds of acres, but it is
unlikely the fungus occupies all areas equally; this
will affect the amount of disease that develops.
Many other factors such as stand structure and
composition, habitat type, fire history,
management history, and most likely genetic
variation in the fungus, affect genet dynamics and
disease expression. Long-lived genets may also
become discontinuous, or
forest generations. All of these variables interact

in complex ways, many of which we do not yet
understand, to influence disease severity.

Tree species vary in this susceptibility to Armillaria
root disease beyond age 15 to 20, but prior to that
are considered equally susceptible, so species
such as western larch and pines can be readily
killed in young stands. Depending in part on host
resistance, infections of A. ostoyae can be either
progressive or callused. Progressive infections
grow unimpeded and kill the host upon girdling the
taproot or root collar. Callused, resin-soaked
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lesions can localize an infection until the tree dies
from other causes, at which point the fungus is
well-positioned to colonize the cambial region of
the root system. Such increases in Armillaria
inoculum, or fungal-colonized woody material,
may be responsible for mortality of adjacent,
disease-susceptible trees in following years.

Fire can reduce the impact of Armillaria root
disease by killing disease-susceptible, fire-
intolerant hosts such as Douglas-fir and grand fir,
while promoting the more disease-tolerant seral
species such as western larch and pines, but

obvious (Figure 2).

Variously aged snags and trees with symptomatic
crowns will be dispersed in and around such
centers, or diffusely throughout a stand. Death of
susceptible species cause gaps in the overstory
canopy that promote conifer regenerationd most
often of mid- or late-successional, disease-
susceptible species or ingrowth of brush. Small
groves of hardwoods such as aspen, birch, or
maple can be a clue that root disease has had a
long-term impact on the site, allowing space and
resources for hardwoods to grow. Hardwoods such

there is no evidence t hhptasbirdhand ashea are, howdver,lalsoasmsseptiblg o
effect on underground root disease inoculum. In

theory, inoculum could actually increase after fire,
due to colonization of fire-k i | | ed tr ees|0
systems that had pre-existing infections.

Figure 2. Concentrated mortality of Armillaria root
disease showing various snag ages and stages of tree
decline. (Photo by Gregory M. Filip, USDA Forest
Service).

Recognizing Root Disease in a Stand

Stand-l e vsighatuidssd6 can ai d i n i
presence of root disease. Root disease centers,
or areas of concentrated mortality, are the most

to Armillaria root disease.

root
Bark beetles and root disease are closely
associated when populations of the former are low.
Reduction in tree vigor and changes in host
physiology caused by root disease make trees
more attractive to bark beetles, and so they are
often found in root-diseased stands. Bark beetles
also work alone, however, to distinguish bark beetle
and root disease mortality, patterns of damage
must be examined. Bark beetles kill groups of trees
in a relatively short period of time (acute mortality),
usually 1-4 years; whereas, root disease results in
chronic decline (long term) and mortality. If you
diagnose bark beetle mortality in a stand, be aware
that root disease may be present as well. However,
since bark beetles kill living trees, evidence of root
disease infection may be subtle or undetectable at
that point.

Identifying Armillaria Root Disease

Descriptions and images of root disease-
symptomati c tr eeAFietdd&nideloe
Diseases & Insect Pests of Northern and Central
Rocky Mountain Conifers. 0 Foresters
trdewnegrss shoulghajvays hawge this guide on hand
when attempting to diagnose forest insect and
disease problems.
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Root diseases cause gradual loss of root function
and structure, an effect reflected in the type of
symptoms that develop in infected trees (Figure
3).

Figure 3. Typical root disease crown symptoms.
(Photo by Susan K. Hagle, USDA Forest Service,
www.forestryimages.orqg).

These include:

e reduced terminal and lateral growth over a
span of several to many years

e thinning of the crown, often proceeding from
the bottom up and inside out

o off-color or chlorotic (yellowing) foliage

o slight to heavy resinosus (pitch-streaming)
around the base of the tree

e flushes of smal | cones

e wood decay with unique features characteristic
of each root disease.

A very common symptom of Armillaria infection is
resinosus at the base of the tree in reaction to its
roots being attacked by the fungus (Figure 4).

Figure 4. Basal resinosus caused by Armillaria
infection.

It can occur around the entire base of the tree or
above just one lateral root. Resinosus often
occurs several years in a row, so there can be
older, dried pitch and fresh pitch at the base of the
same tree. Lesser amounts of basal resinosus
can occur with other root diseases, so this is not
strictly diagnostic for Armillaria.

Armillaria root disease can best be diagnosed by
the presence of fdAmycel.
the lateral roots or at the root collar (Figure 5).

Mycelial fans are fungus tissue that appears
similar to white latex paint. The fungus grows up
to the root collar along infected roots, killing the
roots and then girdling the tree. The best place to
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