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Armillaria Species and Relative Pathogenicity

NABSa Species Pathogenicity Primary Host

I
VI

A. ostoyae
A. mellea
A. tabescens

High
High
High?

Conifers
Hardwoods
Hardwoods

II
IX

A. gemina
A. nabsnona

Moderate?
Moderate?

Hardwoods
Hardwoods

III
V
VII
XI

A. calvescens
A. sinapina
A. gallica
A. cepistipes

Low
Low
Low
Low

Mixed
Mixed
Mixed
Mixed

X Unnamed Rarely pathogenic Mixed

aNABS = North American Biological Species



IFTNC Armillaria species summary

During the 1999 and 2000 field seasons over 8,500 
trees were sampled for Armillaria, 1,310 isolates of  
Armillaria were collected from 23 IFTNC sites. 
Based on over 8,000 somatic-incompatibility tests, 
these isolates were found to consist of  221 genets 
(individual clones).

Of  the 10 North American Biological Species 6 were 
associated with the IFTNC sites.
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NABS I – Armillaria ostoyae
62 genets collected from 17 IFTNC sites

 Serious plant pathogen found throughout the Northern 
Hemisphere that causes root and butt rot on diverse 
woody plant hosts. 

 Adversely impacts commercial timber production by 
causing tree mortality and growth reduction. 

 Genetically diverse and may be comprised of  several 
races. Intraspecific hybrids are common.



NABS X – Unnamed Armillaria species
69 genets collected from 16 IFTNC sites

 Unnamed Armillaria species found in the northwestern 
United States. 

Mainly saprophytic, living on dead organic matter. 



NABS III, V, VII complex –
A. calvescens, A. sinapina, A. gallica
58 genets collected from 14 IFTNC sites

 Group of  similar species of  Armillaria found throughout 
North America. 

 Primarily saprophytic with low pathogenicity (less than 
5%). 

Hybridization is common between species.

Hybrids are difficult to identify.



NABS X / NABS III, V, VII 
complex hybrids
31 genets collected from 
12 IFTNC sites

 Common within the Inland 
Northwest. 

 Previously grouped with NABS X 
until their discovery using molecular 
techniques.

Mainly saprophytic (less that 5% 
pathogenic). 



NABS IX – Armillaria nabsnona
1 genet collected from 1 IFTNC site

 A rare species found primarily on hardwoods, such as 
Alnus species, in riparian areas of  western North America. 

 IFTNC’s isolation of  this species from Abies g randis is 
one of  the first reports of  this species being isolated from a 
conifer.

Thomas J. Volk



Types of information collected from 
Nutrition Co-op sites

 Isolate ID
 Location
Host Species
 Collection Type (Bark Fan, Rhizomorph, or Wood)
Host Collection (Dead or Alive)
Habitat Type
 Fertilization Treatment
 Species ID
 Rock Type



Bark fans from live trees indicate high pathogenicity
of  an Armillaria individual  

Dead trees with bark fans and resinosus and or wound 
periderm may indicate pathogenicity 

Dead trees with bark fans without resinosus indicate 
saprophytic behavior

Bark fan collection type



Wood samples are usually taken from trees that have
recently been killed or are infected with a 
pathogenic Armillaria individual.  

Often dark lines known as zone lines can be seen in 
infected wood.

Wood collection type



All species of  Armillaria form rhizomorphs. 

Most rhizomorphs are found on the surface of  a root, some grow 
freely through the soil, and others can be found under the bark of  a 
highly infected tree.  

Presence of  rhizomorphs does not necessarily indicate pathogenicity 
of  an Armillaria individual.

Rhizomorph collection type



Nuclear Small rDNA

ITS-1IGS-2 ITS-2
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DNA Sequencing

Ribosomal DNA regions currently being investigated for
phylogenetic signal include IGS, ITS, and LSU.
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analysis of  850 base-pairs in the nLSU rDNA region. Scale bar = 0.001 substitutions per 
site.
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Phylogenetic tree showing genetic diversity of  Armillaria ostoyae 
based on the IGS-1 DNA region

NC588 N. Idaho - Soldier Creek
NC542A N.E. Oregon - Enterprise
NC435A N. Idaho - Stanton
P416A N. Idaho - Stanton
NC403 N. Idaho - Stanton
NC666A N. Idaho - Dick’s Creek
P2399 N. Idaho - Priest River
NC436A N. Idaho - Stanton
NC94 N. Idaho - Huckleberry
NC435B N. Idaho - Stanton
P4352 N. Idaho - Priest River
P416B N. Idaho - Stanton
NC1126 N. Idaho - Whiskey
NC436B N. Idaho - Stanton
NA142 S.W. Washington - T.T. Munger
NC542B N.E. Oregon - Enterprise
NC666B N. Idaho - Dick’s Creek
NM120A New.Mexico - Jemez
NM115 New.Mexico - Jemez
NM120B New.Mexico - Jemez
HUA9242 Japan - Terashima et al. 1998
P255A N. Idaho - Priest River
P255B N. Idaho - Priest River

Pacific
Northwest B

Pacific 
Northwest A

Rockies



 Adaptation to a variety of  environments

May be responsible for differing levels of  
pathogenicity and virulence

 “Hybrid vigor” may contribute to enhanced 
growth, survival, and/or pathogenicity

Hybrids may adapt better to environmental 
change

Factors associated with genetic races and 
intraspecific hybridization within A. ostoyae



Does Armillaria affect tree growth?



Volume loss has been shown as high as 40% over 4-8 years
in eighteen-year-old Douglas-fir (Cruickshank, 2000).

Impact of  Armillaria Root Disease on Tree Growth



Average mortality rates in a 10-year period for sites 
covering northern Idaho, northeastern Oregon, 
and eastern Washington vary from 8.8% for 
Douglas-fir, 4.2% for grand fir, and 1.5% 
for redcedar habitat types based on 8 sites
(Moore et al., 2000).

Growth loss and mortality due to Armillaria
in British Columbia have been cited as 
between 1.4 and 3.8 million m3 annually
(White and Morrison, 1999).
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Does Armillaria affect tree growth?



6-year Net- and Gross-Basal-Area Growth (sq.ft/a) in GREEN
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6-year Net- and Gross-Basal-Area Growth (sq.ft/a) in GREEN
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Factors that interact with Armillaria to
influence tree growth

Interacting Factors :

Habitat Type
Soil Characteristics
Parent Material
Fertilization
Other Pests



Future Studies

Better characterize Armillaria species with molecular 
genetic techniques to better understand pathogenicity 
and virulence

Assess direct effects of  Armillaria ostoyae on tree 
growth

Evaluate effect of  Armillaria species interactions on 
tree growth

Investigate saprophytic Armillaria species as a possible 
biological control of  Armillaria ostoyae



Tree growth is affected by a multitude of  interacting 
factors that include Armillaria. 

It is difficult to assess how nutritional treatments affect 
Armillaria impacts on growth without knowledge of  
pre-existing Armillaria influences.

Pretreatment studies of  Armillaria distribution and 
impacts across a range of  environments are needed as  
baseline information. This baseline would help forest 
managers better understand how treatments affect 
Armillaria and overall growth of  a stand.
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