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Wargo: Armillaria mellea

ARMILLARIA MELLEA: AN OPPORTUNIST1
by Philip M. Wargo
An opportunist takes advantage of the slightest
change of circumstance in his favor, and Armillaria
mellea, the shoestring root rot fungus, does this
very well. Armillaria always seems to be in the
right place at the right time. The fungus is found
throughout the world in both temperate and
tropical climates. Its host list is enormous and
ranges from a variety of herbaceous hosts and
shrubs to trees, both forest and fruit. To
paraphrase Will Rogers, A. mellea hasn't met a
tree it didn't like.
The fungus can take advantage of nearly every
stress that affects trees. Attack by the fungus has
been associated with poor cultural practices such
as too deep planting, transplant shock, and offsite planting; environmental effects such as
drought, flooding, ice damage, defoliation by insects from fire, wind, and lightning; and poor site
conditions such as nutrient-deficient soils, soil
compaction, and poorly drained soils. In short, any
thing that disrupts a tree's normal physiological
functions favors attack by A. mellea (Fig. 1).

The fungus is called a secondary organism or
pathogen because it usually attacks stressed
trees, but the fungus is secondary only in time,
not in importance, since the fungus is responsible
for the death of many trees that would have
tolerated the stress. But stress is not necessary in
some cases; among some tree species, especially conifers, the fungus can attack and kill healthy
trees; this fungus is versatile.
Life habits. The main reason this fungus is so
versatile is its capacity to live as a parasite able to
attack living tissues and as a saprophyte able to
live as a decay fungus on the tissues that have
died (Fig. 2). This saprophytic ability enables the
fungus to live in the soil in an active stage for many
years where it spreads to other trees and, in a
sense, waits for the next stress to weaken these
trees so it can attack.

Fig. 2. A. mellea existing as a decay organism on white
oak root. The black margin indicates the leading edge
of decay.

Fig. 1. A. mellea existing as a parasite colonizing living
tissues between the bark and the wood and killing the
root system.

To take advantage of the changes in a tree
caused by stress requires that the fungus be in
the right place at the right time. A. mellea has a
unique system for doing this which is called a
rhizomorph system (Fig. 3). A rhizomorph is an

1 Presented at the annual meeting of the Midwestern Chapter of ISA, February 1-2, 1979, Clayton, Missouri.
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aggregation of hyphae organized into a rootlike
structure that offers significant advantages to the
fungus. The rhizomorph is much less fragile than
the thin-wall single hyphal strands, and its
toughness enables the fungus to tolerate a range
of moisture and temperature conditions and the
gamut of growing sites.
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wide variety of energy sources, but it does best
when glucose, or compounds made up of glucose
molecules such as maltose (2 glucoses) and
starch (many glucoses), is the source. For protein
production it can use many nitrogen sources, and
when grown in a lab, it requires only one vitamin,
thiamine. When all the free or easily soluble
sugars have been used, it can produce enzymes
that can break down bark tissues into sugars it can
use. This adaptability is what enables the fungus
to exist in two lifestyles, parasite and decayer. A
most interesting feature is that A. mellea utilizes
food better and grows faster when ethanol is present.

Fig. 3. Rhizomorphs of A. mellea on the outer bark of a
white oak root.

Rhizomorphs enable A. mellea to spread from
tree to tree, sometimes at great distances, by
growing from an infected tree through the soil to
an uninfected tree. Once in contact with the roots
of the uninfected tree, the rhizomorphs continue
growth and spread over the surface of the roots,
colonizing the surface of most major roots. This
puts the fungus in the right place awaiting the right
time when stress-caused changes allow the
fungus to penetrate through the bark and begin to
grow, killing the inner bark and wood tissues of
the tree.
The fungus is not limited to rhizomorphs to
spread. In some soils, such as those in Africa
where rhizomorphs are found infrequently or not
at all, the fungus spreads from tree to tree via root
contacts. A. mellea also produces mushrooms at
the base of colonized trees (Fig. 4). The
mushrooms, in turn, produce spores that are wind
disseminated, which possibly results in spreading
the fungus even greater distances.
Food requirements. The fungus is very adaptable when it comes to food. A. mellea can utilize a

Fig. 4. Fruiting bodies (mushrooms) of A. mellea at the
base of a recently killed black oak.

This fungus also has the capacity to tolerate
many compounds that inhibit other decay fungi.
Not only can the fungus tolerate inhibiting phenolic
compounds such as tannins, gallic acid,
chlorogenic acid, and quercitrin, but it is actually
stimulated by some of them, especially in the
presence of a rich sugar source.
How the fungus takes advantage. We have
already noted that in many instances the fungus is
already in place on the root system via its
rhizomorphs. The fungus has probably already
penetrated through the outer bark into the inner
bark and wood tissues; but, because the tree is
healthy, the fungus cannot spread any further.
The fungus is held in check by some physiological
process in the tree, possibly from an enzyme
breakdown of its thin-walled hyphae, or the lack of
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a rich sugar source or ethanol needed for rapid
growth. But Armillaria mellea is in a position to take
advantage should a change occur! When a tree is
stressed by defoliation for example, all sorts of
changes take place, but important to A. mellea are
changes that occur in the roots: the amount of
glucose increases, probably from starch
breakdown, and amino acids that are good
nitrogen sources also increase. These provide
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rich food sources for the fungus and, coupled with
other changes in the root which are yet to be
understood, the fungus takes advantage and attacks the tree — an opportunist par excellence.
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