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understanding the life cycle
and dynamics of Armilfaria
ostoyae is critical to better for-
estmanagement

NELSON FOREST REGION

The Life Cycl_e and Dynamics of Armillaria ostoyae

INTRODUCTION
Armillaria ostoyae is the primeary oot pathogen of

- conifers in the southern helf of British Celumbiar. In

order fo manage sites infected by A. ostoyae, the
life cycle end dynamics of the fungus must be
undeistood.

DISEASE LIFE CYCLE

Armillarict ostoyae can survive in two distinet
phases: o5 d parcsite actively colonizing living
trees, or as a saprophyte using o dead host's root
system as a food base.

Parasitic Phase:

The most damaging phase of A, osfoyae is the
parasitic or pethogenic phase. In this phese, the
fungus infects o living host plant, colenizes it, cnd

. often kills it The time fiom infection o decth

varies considerably emd may take anywhere

;- u hSle E/E}S On from a few yecus to several decades,
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shaped pattern through the bark of the newly
infected host. As the infected bark area increases,
the fans begin fo penefrate into the combium of
the new host. Eventudily they spread up the roois,
to the cambium ot the root coller, girdling the
stem and killing the tree (6).

' Armillerict ostoyde also initiates new infections vig

thizomorphs. Rhizomorphs are root-like structures
{1 to 3 mm. in diameter) that originate on a colo-
nized root system cnid spread from there through
the soil. Rhizomorphs of A. ostoyae con grow up
to armette from o host tree’s root system. When o
hizomorph éncounters a suitable host root, it

" attaches itself to the root end afternpts to infect it

_Chamctec mcehql fams of Armillaria osfoyae

by penetrating its bork (6). Rhizomorphs have
only a limited inoculurn potential (see below) and
this decreases with increasing distence from the
host martsricl. Colonization of a potential host &
often only successful within 30 cm or so of the
origined host material, and on the 1oots of young
trees (i.e. less than 10 years old). RFhizomorphs ote
o impoartent mechomism for the spread of oot
disease in juvenile stomds, and may also play o

-1ole in disecse intensification within reot systems.

Armillaria cstoyee may olso be present os inac-
ive lesions on the root system of a living host

without spreading significcmitly of causing disease

symptoms, This equilibrium may be disiurbed by
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biotic factors such cis bark beetles or blister rust, of by humaon
fuctors such os partial cutting. Factors such as these appear to
upset the bolance between the tree and the furigus, and the
fungus begins to spread. This shift fom an incctive state to an
active parasitic stcrte is poorly understood (Morrison, pers.
comm.).

Saphrophytic Phase:

The saprophytic phase of A. ostoyde occurs following host tree
death. This phese cdiows the fungus to persist in a dead host
so it com take full advemtage of the food supplies found in the
host's tissues. Armillaric ostoyae Is o weak scorophytic com-
petitor so it must colenize its hosts prior to thelr death. In this

© way, it con become established ahead of other more compet!-
tive scprophytic fungl. Once esiablished in a host fres or
stump, the fungus con persist as a scphrophyte for decades
(depending cn the size of the host) until the food base
becomes depleted.

Armilioriar estoyde may persist on a site indefinitely (i.e. for
cenhuries) beccse of its ciility to act both parcsitically omd
saphrophytically. The parcsitic phase of the fungus con infect
a continuad supply of living, susceptible hosts. As these hosts
die, the fungus acts scphrophytically to utilize the food sub-
sircrtes contained in them (6). The fungus decays its host's tis-
sues cnd uses the cellulose n them as d food base. The fungus
In the tissues is a source of Inoeulum which is cegpeble of
attocking ond infecting new hosts.

Some scurces suggest that mushroom spores may be cn addi-
tional mechanism respansible for the leng distance spread of
A. osteyae (Reiche pers. comm.}. However, current indications
are that disease spread from spores is Ielatlvely insignificcnt
for A, ostoyae (Merrisen, pets. cornm.).

DISEASE DYNAMICS

The dbility of A. ostoyae to spread cnd colonize new hosts (via
mycelial inoculum or thizomorphs} depends on several fac-
tors, These inciude: the hoculum petential on asite, the pres-
ence of susceptible hosts, emd the vigour of the fungus. Each is
discussed below.

" Inoculum Potential
Inoculum potential refers to the energy available 1o a fungus
for infecting potenticd hosts. Unless cn inoculum source has
the potentict to nificte attacks on living trees, it is of little con-
cem as a disease agent. The predominant ineculum of
Armiliaricr ostoyae is miyeelicl noculurn, Severdl factors affect
the abundemee of mycelia cnd their inoculum potenticd.
These include: the size of the substrate In which the miycelia
persist, the nuitient (food) content of the subshrate, end the
presence of cormpeting orgemnisms. '

The effect of subshrete size on the arnount of neculum seems
fadrly stredght forwerd: the lenger the substicte, the more
noculum may be present. A, ostoyae must infect o host while
the host i living. In mony cases, the fungus is held at bay by
the host free’s defence mechenisms cnd does not spread sig-
nificenitly until the host dies (this con take decades). In sorme
cases, the fungus wilt spread throughout the cambium of the
roois cnd lower bele of the host, forming choracteristic
mycelial fons, and killing the fee within o few yecrs. In both
cases, the death of the host allows o very rapid expansion oI
the fungus in the host tissues.

This rapid colenization of the host provides high levels of

inoculum with high moculum potenticd. This cllows the fungus
to attack new hosts through either mycelicd or thizomorph —
inoculum. In crder for the noculum to remain vigorous, the 5{— '
fungus needs new sources of energy. N

The dbility of Armillarics 1o utilize woody subsb,cxtes ass food -
seerns to be enhenced by the presence of sugegs or steeches
(2). Evidence indicates that the suger content in the 1oots of
many tee species may increcse when d free is sressed, and
that phenolic compounds which might combet infection may
be reduced (2). The decline in'phenolic compounds may
increcse a ree’s susceptibility to Armillaria atiack, ond the
elevated sterch and sugen content presumably increcses
inoculum vigour. This resulis in increcsed noculum potential.

Over time, sugcrs and other suitable foeds in a host's tissues
become depleted, and the nocwlum potential of the Armillaria
fungi using that host drops. Other saprophytic orgomisms copa-
ble of using these pocrar subshates more effectively eventually
colonize the tissue, and the energy available to Armilieria for
inoculating new subshates is reduced.

Presence of Susceptible Hosts
The presence of susceptible hests is crifical to the persistence of 7
Armillcrics on asite. A, ostoyae com swrvive sgprephytically in - g,

_ the roots of a leage stump for decades, until the food base

becomes depleted. However, its long term survival on asite
Tequires cm ongoing supply of iving, susceptible hosts. These
cire trees or shrubs that cre not resistemt to attack and are

- available for colonization by the fungus. -

Species Resistamce
Armillagicr ostoyae can attack all free species found in B.C.

- dithough conifers are ifs principal host (12). The fungus mery -

also infect many woody shrubs (i.e. false box, fdlse czalea)
ond some herbaceous plents.

It appears that conifers less them 15 years old (regordiess of
species) cre quite susceptible to A. ostoyae (6} The susceptibili-
ty of older trees veries according to host species. The suscepli-
bility of older trees has been romked by Marrison et. al. (6).
Howevet, there is some evidence that this romking mery very
{12) and it is subject to chemge as new information becomes
aveilable. The remking suggested by Morrison et. dl. (fom
most susceptible to least) is as follows:

Dougles-fir > Abies spp. > spruce > lodgepole pine >
hemlock > cedar > pondercsa pine > birch > larch

Morrisen et dl {6) do not recommend planting susceptible or
moderately susceptible species when tying to 1egenerate
infected sites. Larch and birch cze the only species on this list
that show sufficient potential (as resistant species) to be plant-
ad in Infected areas. However, plantations of these specles
will, In many coses. be limited by silviculhured constreints.
Whete these species cae well suited to o site, even they will be
susceptible to the disecse niticlly.

Woods (12) questions the position of larch in the remking, cand
suggests thort more resecrch is needed prior to meking meomn-
agement decisions based upon the species susceptibility remk-
ing. Vem der Kamp (UBC, pers. comim.) suggests that the rela-
tve susceptinility ranking of older rees may very depending
¢on foctars such as site productivity. Others suggest that site
moisture, cnd the cccunence of hecrt rot, mistletos, and other
darndging agents may dlso affect species susceptbility.
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Host Condition

The condition, or vigewr, of potential hosts alse has o signifi-
cant influenice on susceptibility to infection. Potential host rees
have mechanisms, such as resinosus or the formation of callus
tissues, by which they can fight off Armillaric infections.
Young trees (up to age 15) generally have poorly developed
defence mechanisms and care uncble to resist Armillaria infec-
tion. In healthy older ttees however, cm A, osfoyae atfack
may be held in check indefinitely if the vigow of the fungus is
not too great. The ability of a tree to resist an attack is in pant
determined by the level of stress it may be under due to vari-
ous factors.

There are a number of hypotheses to explcin why some trees
cre more susceptible to A, ostoyae than others. Morrisen (pets.
comm) suggests that the incidence cnd demmage of A. ostoyae
care greater in creas with better site productivity (pers. comm.
1994). Hezvey (3) discusses the susceplibility of poorly site-

" adapted species to infection. Nutrient levels and pH levels low
enough to cffect seedling vigour result in more infection cnd
mote moriclity from Armillaria reot disease (10). Moore et. dl.
(5) suggest that it mery be possible to memipulats « tree's nuti-
tional stertus (through potassium fertilization) so that the free’s
oot chemistry is cliered to the detriment of A. ostoyae.
Vigorous seedlings show more resinosus and callus formation
(sigms that they cze fighting the attack) than less vigorous
cnes. However, vigorous growth caused by ferfilization may
mesk the symptoms of infection rather than reduce the level
of infection (%). Suppressed trees appect to be mote suscepti-
ble to A.osfoyae infection (1). Other commen stress factors that
mary increase susceptibility include drought, insect defoliction,
and light or nifrogen deficiency (11). Hurmnen activities such as
site disturbemee {4) or peliution con alse influence host vigow
and may have d sighificemt influence on suscepfibility.

Armilleria Vigour

The vigowr of A. cstoyae is determined pnmc:rﬂy by focd base
characteristics. However, various environmental cheracteris-
tics may also affect vigor and rate of spread. These include
soii conditions such as moishie, temperctture 02/C02 bal-
ance, and fextue.

Another significomt factor affecting the vigourof Armilicria
appects to be humam disharbanee. Partial cutting, precom-
mercial thinning, ond broad-leaved brush contel have the
potential to increcse noculum loads on forested sites (6).

Fire cem affect Armillaria vigor by modifying o number of site
veriables. Fire alters the vegetation community present on a
site ond post fire species may have different susceptibility to
Armlicriar root disease them species previously present. Fire
alse alters soil cheraicteristics such as pH, nutrent status, and
orgamic meatter content. This may affect the vigowr of various
soil fungi, including A. ostoyae and fungi that are cntagonis-
tic to A. ostoyae. For example, popudations of Hypholoma cnd
Trichoderma tungi, both of which are antagonistic to
Armillegia, may be increased by fire (7, 8).

A better understomding of the lifecycle and dynamics of
Armillaria fungi is criticat to ensuring that forest menagement
activities do not increase the intensity of Armiliariaroot dis-
ecse in forested creds.
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