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Materials and Methods
Landscape level field surveys for root disease were conducted in two BC Ministry of Forests and Range (BCMFR) Timber 
Supply Areas (TSAs): Okanagan and Kamloops (Figure 1). The sample population consisted of stands occurring in the Interior 
Cedar Hemlock (ICH) and Interior Douglas-fir (IDF) biogeoclimatic zones where Douglas-fir was a leading component 
and overlapped with BCMFR growth and yield Permanent Sample Plots (PSPs). A target of 30 survey stands per TSA was 
attempted; stands and PSPs were randomly selected and proportionally represented the ICH and the IDF zones in each TSA. 
Only stands deemed accessible by road were considered. 

Stand survey plots consisted of continuous variable width strips 100-m in length, with a total of 5 plots/stand (500 m) and 
intersecting as many PSPs as possible. All trees within each PSP first encountered were measured as were any subsequent 
PSPs within the same stand. For each tree encountered, the following was recorded: disease status, silviculture layer (L1, ≥ 
12.5cm dbh; L2, 7.5-12.5cm dbh; L3, <7.5cm dbh and > 1.3cm ht; L4, <1.3m ht), comments on other major pests (e.g. DRA), 
and tree species affected. For each PSP sampled, PSP number, tree number, tree species, disease status, silviculture layer and 
other forest health factors were noted.

In the Kamloops TSA:
Phellinus root disease (DRL) was found in 5 of the 24 (21%) stands surveyed (Figure 2). Within these stands DRL was found on layers 1–3 with all DRL found 
on Douglas-fir. None of the DRL infected stands were found in the ICH zone. The average level of infection in the stands affecting L1 Douglas-fir was 5.1%. Of 
the total number of PSPs assessed, DRL was detected in only 2 PSPs (6%, n=33). All DRL was found in PSPs located in the IDF zone and L1 Douglas-fir infection 
averaged 12.8%.

Armillaria root disease (DRA) was found in 16 of the 24 (66.6%) of stands surveyed on all silviculture layers and primarily on Douglas-fir and spruce. Stand level 
L1 infection for Douglas-fir averaged 7.1% and 8.3% in the IDF and ICH zones, respectively. The average incidence across all layers of Douglas-fir in the ICH was 
20.3%. Of the 33 PSPs sampled within these stands, 30% were infected with DRA. All PSPs located in the ICH zone were infected with DRA compared to only 
23.3% of PSPs in the IDF zone. Layer 1 infection averaged at 13.3% and 52.6% in the ICH and IDF, respectively. 

In the Okanagan TSA:
DRL was found in 48% (n=27) of the stands surveyed (Figure 2). Of those stands with DRL, 61% were found in the ICH and 39% were found in the IDF zone. 
The highest levels of infection were found in the ICH zone compared to the IDF, with an average 22.5% of L1 Douglas-fir stems infected. DRL incidence in PSPs 
located within stands was 35% (n=37) with a higher incidence occurring in the ICH zone (61%) compared to the IDF zone (21%). The average level of infection 
in Douglas-fir was more than 6X higher in the ICH than in the IDF, for both L1 and all layers. 

DRA was found in 85% of the stands surveyed and of those DRA-infected stands, 75% and 100% occurred in the IDF and ICH, respectively. Infection levels for 
all layers in were about 3X higher in the ICH than in the IDF. Similarly, PSP-level incidence for DRA was higher than for DRL and higher in the ICH than in  
the IDF.

Across both TSAs:
Between 75-89% of the stands surveyed had either DRL, DRA, or both. Armillaria tended to be more homogeneously distributed within the stand compared 
to DRL. Plot data indicated that in all cases DRA was distributed more widely and comprised a greater percent infection rate than DRL. 

Douglas-fir root infected by Phellinus sulphurascens showing 
laminations and pitted decay.

Disease centre in a Douglas-fir stand showing tree 
mortality, typical of both Phellinus and Armillaria  
root diseases.

Figure 1. Map of British Columbia showing 
surveyed Timber Supply Areas.

Figure 2. Map showing Permanent Sample Plots surveyed for disease incidence 
in 2007.

Results from 2007 surveys
Table 1 shows the stand and PSP level incidence for Phellinus and Armillaria root disease in the Kamloops and Okanagan 
Timber Supply Areas (TSA) by Biogeoclimatic zone.
Table 1: Stand and PSP level incidence of Phellinus (DRL) and Armillaria (DRA) root disease in the Interior Douglas-fir (IDF)  
and Interior Cedar-Hemlock (ICH) biogeoclimatic zones in the Kamloops and Okanagan Timber Supply Areas (TSAs). 

Kamloops TSA
(% Incidence)

Okanagan TSA
(% Incidence)

IDF  ICH IDF  ICH
Phellinus (DRL)

DRL (Stand Level)  21.0  - 61.0  39.0

L1 (infected Fd stands)   5.1  -  6.5  22.5

DRL (PSP Level)   6.1  - 20.8  61.5

L1 (infected Fd stands)  12.8  -  6.2  39.3

Armillaria (DRA)

DRA (Stand Level)  63.6  100.0 75.0   100.0

L1 (infected Fd stands)   7.1   8.3 11.3  33.0

DRA (PSP Level)  23.3  100.0 54.2  84.6

L1 (infected Fd stands)  52.6   13.3 18.2  34.6
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Introduction
Phellinus sulphurascens Pilat (syn. P. weirii), the causal agent of Laminated root disease (DRL), is a major disturbance agent that 
occurs throughout most of the range of Douglas-fir in western North America. While research has been conducted in coastal 
British Columbia (BC) to determine the specific distribution and impact of DRL in second-growth Douglas-fir stands, much less 
is known about the disease in BC’s southern interior. DRL is known to often co-occur with Armillaria root disease (DRA) and 
Douglas-fir bark beetle (Dendroctonus pseudotsugae) throughout its range.

To both implement best management practices and accurately estimate losses to DRL in BC’s southern interior, data are 
needed on its occurrence and incidence. Analysis of this information will enable growth and yield specialists to determine 
Operational Adjustment Factors (OAFs) for Phellinus root disease that can be used in Provincial timber supply determinations.

The objectives of this study are to 1) determine the occurrence and/or incidence of DRL in Douglas-fir-leading stands in BC’s 
southern interior and 2) estimate the stand level impact of DRL on Douglas-fir growth and survival.

Future work
Work in 2008 – 2010 includes surveying stand and PSP-level incidence in two additional BC TSAs: Arrow-Boundary (DAB) and Cascades (DCS) (Figure 1). 
Analyses of TSA-level incidence and tree growth data associated with sampled PSPs will determine stand level losses, or a first approximation OAF, for DRL/
DRA to be incorporated into Timber Supply Reviews.


