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Armillaria Root Disease 

Armillaria root diseases are among the most 
damaging and broadly distributed group of forest 
diseases in the world (Lockman et al. in press). 
Armillaria root disease is typically more severe in 
highly susceptible tree species and in trees that are 
maladapted due to rapidly changing climatic 
conditions (Ayres and Lombardero 2000, 
Kliejunas et al. 2009, Sturrock et al. 2011) . 
Unfortunately, Armillaria root disease is 
notoriously difficult to manage in forests . Because 
Armillaria root disease impacts are dependent on 
complex ecological interactions among the host, 
soil microbial community, and environment, we 
propose the development of metagenetic tools to 
examine soil interactions that suppress (or 
enhance) Armillaria root disease. Tools to identify 
these interactions are paramount to develop 
effective management approaches for Armillaria 
root disease. 

Potential Application of Metagenetics in Disease 
Management 

Several studies have previously demonstrated the 
potential biological control of Armillaria root 
disease (e.g., Reaves et al. 1990, Raziq 2000 , 
DeLong et al. 2002, Chapman et al. 2004, Raziq 
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and Fox 2005). Previous evaluations of biological 
control have typically focused on myco-parasitic 
fungi (e.g. , Trichoderma spp) or saprophytic wood­
decay fungi (e.g., Ganoderma spp, Hypholoma 
spp). However, they focus on only one or a few 
microbes, and applications are restricted by the 
need for massive inoculum. More importantly, 
inoculations with biocontrol agents must consider 
the risks of introducing biological organisms in 
nature, and navigate a lengthy and expensive 
process to obtain federal licensing and permits for 
applications within even small areas. 
Metagenomics and metagenetics have illuminated 
our understanding of how microbial communities 
relate to health and disease. An alternative 
approach to developing biological control methods 
for Armillaria root disease is based on the natural 
microbial community of the soil, which can be 
assessed using recently developed metagenetic 
technology. With this approach, 1,000s to 10,000s 
of microbial taxa are identified or assigned to 
Operational Taxonomic Units from a 1-g sample of 
soil (or other substrate) with accompanying 
environmental and soil properties. Through 
replication , key microbial taxa associated with 
suppressed disease activity are identified, along 
with the environmental factors that favor those 
microbial taxa. Subsequent tests can use 
management methods that favor natural microbial 
communities for biological control of Armillaria 
root disease. 

Approaches 

Metagenetic tools can be used to characterize soil 
microbial commumtles that may suppress 
Armillaria root disease . Identifying environmental 
factors , such as soil temperature, moisture, pH, and 
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organic matter , associated with these communities 
can inform effective management of Armillaria 
root disease. Similar tools have been developed to 
characterize root disease-suppressive soils in 
agricultural systems , and identify appropriate 
disease management practices (~.g . , Mendes et al. 
2011 , Damon et al . 2012, Bonito et al. 2014, 
Penton et al. 2014, Qiu et al. 2014, Stursova et al. 
2014) . 
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Figure 1. Does Armillaria altimontana help 
protect trees from A. solidipes (formerly known as 
A . ostoyae), or does A . altimontana reflect 
environmental conditions that are unfavorable for 
A. solidipes? The map depicts locations of A. 
altimontana, A. solidipes, and mixed A. solidipes 
and A. altimontana associated with a western white 
pine (Pinus monticola) provenance plantation at 
the Ida Creek site (Priest River Experimental 
Forest, northern Idaho) . For this proposed study, 
sampling will focus on individual genets of A. 
altimontana (green areas) and A. solidipes (yellow 
areas). 

Proposed Methods 

The proposed tool will be assessed on six plots of 
each A. altimontana and A . solidipes for a total of 
12 plots established within the Priest River 
Experimental Forest in northern Idaho (Figure 1). 
Total DNA will be extracted from each soil sample. 
Double-barcoded and pooled PCR products will be 
sequenced for multiple amplicons to assess the 
eukaryotic and prokaryotic microbial communities. 
Forest soil microbial communities will be analyzed 
to 1) determine differences among subplots, 2) 

assess how differences relate to the soil properties 
(chemical and physical) , and 3) examine how 
communities compare between plots associated 
with saprophytic A. altimontana and pathogenic A. 
solidipes. 

Anticipated Outcomes 

This project will develop metagenetic tools to 
characterize soil microbial communities and soil 
properties/environmental factors related to 
Armillaria root . disease (i.e ., trees colonized by 
saprophytic A. altimontana and pathogenic A . 
solidipes) . This study will contribute tools for 
developing management practices that suppress 
Armillaria root disease and enhance forest 
resilience . 
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