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Impacts of Armillaria root disease on stand productivity in the southern interior  
 
 

Introduction 
 

Armillaria ostoyae (Romagn.) Herink causes Armillaria root disease (DRA) 
of conifers and has a circumpolar distribution in the northern hemisphere 
(Watling et al. 1991), including the southern one-third of British Columbia (BC) 
(Morrison et al. 1985). In the southern interior, the disease is found in the IDF, 
MS, SBS, ICH and ESSF (lower elevations) biogeoclimatic (BEC) zones 
(Morrison et al. 1992). The fungus is a normal component of the flora on (nearly 
all) sites in those BEC zones, with incidence of diseased trees in mature stands 
ranging from 10% in the IDF to 80% in the ICH (Morrison et al. 2001).  After 
harvest, stumps of infected trees are colonized by the fungus and become 
inoculum. Infection of plantation trees begins about age 6 in the ICH, with 
incidence of diseased trees increasing gradually until it is 30-35% at age 20 
(Morrison et al. 2000).   The fungus has a very broad host range, including all 
species of trees and many shrubs. Damage occurs throughout the rotation and is 
caused as growth loss in trees with non-lethal disease and mortality at a rate up 
to 2% per annum.  Precommercial and commercial thinning and selective cutting 
increase the incidence of trees with DRA by increasing the amount of fungal 
inoculum (Cruickshank et al. 1997, Morrison et al. 2001).  Use of these practices, 
especially selective cutting, is increasing in the southern interior, and their use 
increases the incidence of mortality and living, DRA-diseased trees.  The primary 
objective of this ongoing project is to quantify the growth loss attributable to sub-
lethal Armillaria infection in Douglas-fir plantations in the southern interior.  

 
Methods 
 

About 1000 trees in approximately 25-10meter radius plots are removed from the 
soil at each site after stem mapping.  For a random sample of 150 Douglas-firs, 
root systems are mapped and examined for root infections, stem discs are taken 
for volume determination, crown characteristics are measured, and the infection 
age of all lesions is determined.  Losses are determined by the volume or basal 
area difference between the healthy and infected trees.  Multiple regression 
analysis is used for determining fungal spread rates and losses.  In 2004-05 two 
ICH sites were sampled, Hidden Lake and Kingfisher.     
 

Results 
 

Two managed Douglas-fir stands were sampled this year in the ICH ecosystem.  
The belowground incidence of trees infected with Armillaria root disease (DRA) ranged 
from 39-53% in the plantations aged 24 and 30 respectively.  The fungus continues to 
infect both within and between roots as the trees age, but symptoms are mostly not 
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apparent because most infections do not result in immediate mortality.  As the root 
systems become progressively infected over time, the tree becomes less able to mount 
a successful defense against the fungus.  Trees with all root lesions contained 
(callused) ranged from 21% to 31% at these two stands.  There are still many trees with 
spreading lesions that probably represent new infections as the fungus repeatedly 
infects new areas (primarily with rhizomorphs) in the root system.  Mortality is expected 
to stabilize somewhat between the ages of 30 and 60, but then is expected to increase 
after this time as the root system becomes progressively infected.  

Trees that are able to contain the fungus completely and survive suffer growth 
losses of about 7-13% in these stands.  Stand losses are underestimated in older 
stands because the remaining healthy trees tend to be smaller and losses are 
calculated by the difference between healthy and infected tree growth.  The healthy 
population is represented by smaller trees because their size reduces the probability of 
contact with the fungus.  

Compensatory growth, where healthy trees have increased growth due to their 
proximity to infected neighbors, did not occur.  Increases in basal area of neighbor trees 
surrounding a dead center tree also did not occur.  Compensatory growth, if it did occur, 
would be short lived as the percentage of healthy trees in stands steadily diminishes to 
a low percentage by age 60.  Healthy trees cannot be relied upon to compensate for 
growth losses in infected trees mostly because of the high incidence of infection as the 
stands age.     
 DRA changes significantly the relationship between measures of foliar biomass 
and bole volume increment.  For a given crown volume, infected trees produce less 
radial increment on the bole.  These factors have been programmed into TASS growth 
and yield model to account for impacts in the stems of infected trees.  
 ROTSIM, a Phellinus root disease model, was updated to simulate DRA in 
Douglas-fir plantations in the ICH.  ROTSIM represents the root system, and is 
linked to TASS, which simulates the aboveground stem and crown and disease 
impacts.  Both models operate concurrently.  ROTISM required some extensive 
modifications in order to handle DRA correctly.  This year sampling was 
completed to determine how long infections on the roots and at the root collar 
(bole) spread before callusing, and how fast they moved over time.  These 
factors are incorporated into the model in order to correctly simulate the fungal 
spread.  Impacts over 100 years can be as high as 70% if the initial inoculum 
levels are high to begin with.  Early stand losses are slightly underestimated and 
the model overestimates late stand losses, but the overall effect is correct by age 
100.  This will require some calibration next year to fix, but is not serious.  
 
 
Conclusions and implications 
 

Since Armillaria infects all tree species, knowledge gaps still exist for 
impacts in other species, especially mixed stands.  To fill these gaps, the basic 
biology and modeling infrastructure developed in our oldest plantations (Douglas-
fir), could be adapted for other species stands.  To do this, a calibration of losses 
with some additional sampling and funding, not a total alteration of models or 
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basic biology is needed.  Research from this project combined with past research 
has clearly identified that Armillaria root disease exerts a strong effect on 
Douglas-fir stand development including:   
 

• Minimum harvestable age (volume and piece size) 
• Stand tending 
• Planting 
• Species composition 

 
Research here and abroad also suggests that these effects are not solely limited 
to Douglas-fir as all conifers and many deciduous species also become infected.  
Unfortunately, most of the disease effects occur well after the free-growing 
assessment.  
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