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Introduction: 
Phellinus sulphurascens Pilat (syn. P. weirii), the cause of Laminated root disease, occurs across 
a variety of biogeoclimatic ecological classification (BEC) zones in the southern interior of 
British Columbia (BC) (Lim et al. 2005). The disease causes mortality and growth loss in natural 
and planted stands of Douglas-fir (Thies and Sturrock 1995) and other conifers are also 
susceptible to infection by the fungus. Phellinus-caused mortality usually begins on infested sites 
five to seven years after stand establishment and may continue throughout a rotation. Chronic 
(non-lethal) infections on roots of older trees can result in growth loss. Some research has been 
conducted in coastal BC, Oregon and Washington to determine the distribution and impact of P. 
sulphurascens in second-growth stands of Douglas-fir. The disease has been estimated to occur 
in more than 80% of such stands in the Vancouver Forest Region of BC (Paul Wood as cited in 
Bloomberg and Reynolds 1985) and substantial reductions in timber volume and growth have 
been demonstrated in several stands on Vancouver Island (Bloomberg and Wallis 1979, 
Bloomberg and Reynolds 1985). The disease is estimated to occur on eight percent of the 
commercial forest land base in Washington and Oregon and cause a 40 to 70 percent reduction in 
wood volume on affected areas (Goheen and Hansen 1993).  
 
Much less is known about the distribution and impact of Phellinus root disease in BC’s southern 
interior, due in some part to research being focused on Armillaria root disease, another serious 
pest occurring in many BEC zones in southern BC. Phellinus sulphurascens is known to occur in 
the IDF, ICH, MS and SBS biogeoclimatic zones of the southern interior and its distribution 
appears to be quite patchy, with patch sizes ranging from 1 ha to more than 10 ha. Phellinus root 
disease often occurs in stands together with Armillaria root disease caused by the fungus, 
Armillaria ostoyae and Douglas-fir bark beetle (Dendroctonus pseudotsugae). Just how these 
disturbance agents interact and influence individual tree and stand susceptibility to fungal 
infection and/or insect attack is not well understood. 
 



 
In general, the presence of pathogens in BC’s forests and their impact on productivity are greatly 
underestimated. This is perhaps especially true for root disease and decay pathogens. For 
example, the 2005 Summary of Forest Health Conditions in BC (BC MFR 2006) report lists only 
four diseases (none of them root diseases) as causing any damage that was detectable from aerial 
overview surveys. Although the report acknowledges that “some forest health concerns, 
particularly diseases…, are not usually discernable” from such overview surveys, it does not 
state where to find damage information for diseases. One of the end results of this situation is 
that there is little quantitative information on root disease incidence in the province. In a survey 
of client needs conducted by a Research Partnership in the province (Gregory and Satterfield 
1999), more information about root disease, as it pertains to timber harvesting and management, 
was identified as a priority by a number of Partnership clients including licensees, provincial 
operations/policy, private consultants and other research groups. Finally, recent communications 
with Forest Health District staff and with foresters working in Industry reveal that Phellinus root 
disease and the paucity of information about its incidence and impact are of significant concern 
to them. Thus, the goal of this project is to begin the research needed to accurately determine the 
incidence and impact of Phellinus root disease in the southern interior of BC. This will require a 
step wise research approach that starts from a landscape level view of occurrence and/or 
incidence and moves to a stand level view of Phellinus incidence and impacts. 
 
Phellinus root disease poses a long-term threat to the productivity of managed stands in BC’s 
southern interior. This is partly because current silvicultural practices increase the amount and 
potential of fungal inoculum on affected sites putting regeneration or residual trees at greater risk 
of becoming infected. Forest productivity is also impacted where P. sulphurascens overlaps with 
other disturbance agents and suitable multiple disturbance agent management practices are not 
properly implemented. Unfortunately, Phellinus root disease is not being adequately detected in 
immature stands in free-to-grow surveys because the disease is typically not fully expressed at 
the time of free-growing assessments. Nor is its presence in mature, harvestable timber being 
properly acknowledged due to the lack of information about its long-term impacts. These current 
inadequacies regarding Phellinus root disease have serious implications on the accuracy of future 
yield predictions for managed stands and timber supply analyses in BC’s southern interior 
forests.  
 
Forest managers, including those providing stewardship on forested lands owned or managed by 
First Nations, need to make informed decisions about best management practices for DRL. 
Growth and yield analysts also need to accurately assign losses to this disturbance agent as an 
Operational Adjustment Factors (OAFs) for Provincial Timber Supply Reviews. The first thing 
required to implement best management practices and make loss estimates is information on the 
occurrence and incidence of Phellinus root disease in Douglas-fir-leading stands. This 
information can then be used to guide on-the-ground growth loss and mortality measurements in 



representative Phellinus-affected stands, and then generate management and impact scenarios 
with existing root disease models such as the Root Rot Tracker or ROTSIM. Results from this 
project will enhance and refine the research conducted in the past on the effects of root diseases 
on growth and yield and expected site productivity in BC’s forests (Bloomberg and Wallis 1979, 
Bloomberg and Reynolds 1985, Cruickshank 2000, Lewis 1997). Overall, these results will 
increase the Province’s body of knowledge on the incidence and behaviour of an important 
disturbance agent. 
 
This study aimed to:  

(1) Determine the occurrence and/or incidence of Phellinus root disease using a matrix of 
inventory type groups, age classes and BEC zones across five forest Districts that cover 
the known distribution of Phellinus root disease in the southern interior, and  

(2) Estimate losses due to Phellinus root disease in Douglas-fir stand types obtained from a 
network of growth and yield permanent sample plots (PSPs) in the southern interior. 

Results of this study will permit the development of a first-approximation OAF specific for 
Phellinus root disease and/or a combined root disease OAF for both Phellinus and Armillaria 
root diseases (where appropriate) that can be used in Timber Supply Analyses.  
 

Methods: 
In the 1970s, the BC Ministry of Forests established a number of inventory PSPs in a full range 
of stand types throughout the province. These plots provide information on rates of tree growth 
and mortality and on changes in stand structure from establishment to maturity. The growth and 
yield data obtained from PSPs are used to develop yield tables and provide information 
necessary for the development and calibration of growth and yield models. Due to the 
widespread but rather hidden nature of root disease (i.e., underground and difficult to detect), it 
is likely that a large number of inventory PSPs in the southern interior were established on 
infested sites and the effect of Phellinus root disease (and other disturbance agents) on forest tree 
growth, yield, and survival would likely be captured in many of these inventory plots.  

In a previous study, use of inventory PSPs and a three-variable sampling matrix comprised of 
inventory type groups (ITG), age class, and BEC zones derived some estimates on the 
distribution and impact of Phellinus in the coast region of BC (S. Zeglan, pers.comm.). For the 
intent of this study looking at the distribution and impact in the southern interior, we used similar 
methodology.   
 
The intent was to sample a target of 120 Douglas-fir leading stands representing different age 
classes and BEC zones from an inventory list of PSPs across five districts thought to represent 
the known range of P. sulphurascens in BC’s southern interior: Kamloops, Okanagan, Arrow 
Boundary, Cascades, and 100 Mile House. The sample population was comprised of stands with 



Douglas-fir as a leading component), age classes 5 through 8, located in the ICH and/or IDF 
zones, and containing one or more growth and yield inventory PSPs (including those with the 
status of active, badly disturbed or inactive/abandoned).  Only those that were deemed accessible 
my main logging road were considered.  PSPs were randomly selected to represent the required 
number of stands for each biogeoclimatic zone in each TSA/District.  

In candidate stands containing one or more inventory PSPs, a series of five variable-width, 100m 
long contiguous strip surveys were established across a given polygon. The width was density 
dependent and varied between 2-5 m, adjusted to meet the target of 20 Douglas-fir trees within 
the dominant layer (L1), for a total of 5 plots/stand (500m in length.). Transect widths may have 
varied between plots but not within plots. Two strip widths were used to capture the target 
number of trees in the L1 layer and the other for all remaining layers (L2-L4). The transect 
intersected as many PSPs as possible within a 500m continuous sample. For each continuous 
strip plot, the following was recorded: tree species, tree status (healthy, dead or infected with 
Phellinus and/or Armillaria root diseases); incidence of root disease in each of the silviculture 
layers (L1-L4), and any other forest health factors. Trees infected or killed by P. sulphurascens 
were confirmed by the presence of brown incipient or pitted, laminar advanced decay and/or 
light, tawny ectotrophic mycelium characteristic of the fungus. Incidence of other pests and 
pathogens (e.g. Armillaria ostoyae) were also recorded and confirmed by mycelial fans on 
live/dying trees, rhizomorphs and/or mycelial fan impressions under the bark of dead trees.  
 
All surveys were conducted during the field season between 2007 and 2009.  A tabulated 
summary containing species composition (ITG), age class, BEC info, and measured variables for 
the five TSAs/Districts was compiled for stands and PSPs indicating presence/absence of 
Phellinus (and Armillaria) root disease. Mortality caused by root disease and/or other damaging 
agents were noted.  Disease incidence based on our sampling methodology was mapped to show 
its distribution among sampled PSPs across all five TSAs/Districts. 

 A preliminary data analysis was conducted which included reconciliation of the root disease 
dataset with the growth and yield PSP dataset. 

 

Results: 
Between 2007 and 2009, 106 stands and 137 PSPs were sampled across a range of subzones in 
the IDF and ICH biogeoclimatic zones in five TSAs/Forest Districts: Cascades (Merritt TSA), 
Kamloops, Okanagan, Arrow-Boundary, and 100 Mile House. The distribution of stands was 
based on proportional representation of the ICH and the IDF in the Timber Harvesting Land 
Base within those units. Many more PSPs were attempted than sampled, but deleted for various 
reasons (e.g. logging, forest fire, private land issues). Table 1 shows the sample population of 
stands and PSPs in all five TSAs/Districts by BEC zone 



Table 1. Sampled Stands and PSPs by BEC zone in the Kamloops, Okanagan, Cascades, Arrow-
Boundary, and 100 Mile House TSAs/Districts. 

 
  

Kamloops 
 

Okanagan Cascades Arrow-Boundary 100 Mile House 

 IDF ICH IDF ICH IDF ICH IDF ICH IDF ICH 

No. of 
Stands 22 2 16 11 25 0 7 12 12 1 

           
No. of 
PSPs 

 
29 3 24 13 28 0 8 17 14 1 

 

Phellinus root disease incidence 
Tables 2 and 3 summarize stand and PSP level incidence of Phellinus root disease, respectively.   
 
In the Kamloops TSA, Phellinus root disease was found in 5 of the 24 (21%) stands surveyed 
(Table 2). Within these stands, P. sulphurascens was found on layers 1–3 and all P. 
sulphurascens was found on Douglas-fir. None of the Phellinus- infected stands were found in 
the ICH. However, ICH stands comprised only 3.2% of the possible candidates within this TSA 
whereas IDF zone sites represented 91.2% of available candidates; as such all Phellinus-infected 
stands were located in the IDF. The highest stand level of infection was 9.8%. This affected 
10.1% of the L1 Douglas-fir stems present. When all layers were included the highest infection 
levels found are 4.5% of the stand infected and 5.1% of the Douglas-fir infected. Of the total 
number of PSPs assessed, P. sulphurascens was detected in only 2 PSPs (Table 3). 
 
In the Okanagan TSA, P. sulphurascens was found in 13 (48%) of the stands surveyed (Table 2). 
Sixty-one percent of the Phellinus-infected stands were found in the ICH representing 73% of 
the stands surveyed in that BEC zone. The remaining were found in the IDF where 32% of 
stands in that BEC zone were infected with P. sulphurascens. The highest levels of infection 
were found in the ICH with an average 10.9% of L1 stems in the stand infected, representing 
22.5% of the L1 Douglas-fir. Levels in the IDF were lower at 2.7% on average of infected L1 
stems. Phellinus root disease was found in 35% of the PSPs assessed (Table 3).  The incidence of 
root disease was higher in the ICH than in the IDF where 61% of the ICH PSPs were infected 
versus only 21% in the IDF. 
 
All candidate PSPs in the Merritt TSA of the Cascades Forest District were located in the IDF 
biogeoclimatic zone.  Phellinus root disease was found in 11 of 25 (44%) of the stands surveyed 
(Table 2).  Within these stands P. sulphurascens was found on layers 1-3 on Douglas-fir.  The 
average infection rate at a stand level for L1 Douglas-fir was 8.7% (range 1.0%-35.9%), while 
the average for all layers of Douglas-fir was 4.3% (0.4%-16.3%).  Given that these stands are 
almost pure Douglas-fir stands, averages and ranges do not vary much when considering the 



entire stand. Of the 28 PSPs sampled, P. sulphurascens was found in 6 (21%) with an average 
infection rate of 6.7% of all layers of Douglas-fir, and 9.2% of the L1 Douglas-fir (Table 3).   
 
In the Arrow and Boundary TSAs, P. sulphurascens was found in 4 of 19 (21%) of the stands 
examined; all in the ICH (Table 2).  At a stand level infection rates were low, ranging from 
1.2%-5.3%.  Douglas-fir, western white pine and western hemlock were all affected, with 
western hemlock exhibiting infections from both Phellinus and Armillaria root disease. In the 
Arrow TSA, P. sulphurascens was found in one PSP situated near MacDonald Creek, an area 
known to have Phellinus root disease (D.Morrison pers.comm).  In this PSP, 76.9% of the L1 
Douglas-fir were affected, which represented 9.9% of the L1 in the PSP.  In the Boundary TSA,   
P. sulphurascens was found in 2 PSPs; one stand was in the ICH and one in the IDF (Table 3).  
The majority of trees infected were Douglas-fir but one dead western larch was also found.    
 
P. sulphurascens was not detected in any of the stands surveyed in 100 Mile House District 
(Table 2). 
 
A map showing the distribution of Phellinus root disease (and Armillaria root disease) across 
five TSAs/Districts in the southern Interior region can be found in the project deliverables on the 
FSP website. 
 

Armillaria root disease incidence 
Tables 4 and 5 summarize stand and PSP level incidence of Armillaria root disease, respectively.   
 

In the Kamloops TSA, Armillaria root disease was located in 16 (67%) of surveyed stands (Table 
4). Both ICH stands were infected, and 14 of 22 stands (64%) surveyed in the IDF were infected. 
On a stand level, L1 infection ranged from 2.6% to 4.9% in the ICH and between 0.4% and 
23.8% in the IDF. The highest L1 Douglas-fir infection recorded was 10.8% of the stand in the 
ICH and 32.4% of the stand in the IDF. On average when including all layers and species, 
Armillaria infected 10.8% of the stand on average in the ICH, and 5.8% of the stands in the IDF.  
Within the 32 sampled PSPs in the Kamloops TSA, 9 were infected with A. ostoyae (Table 5). 
All PSPs sampled in the ICH were infected and 6 (21%) of the IDF PSPs were infected with A. 
ostoyae. Within the ICH. layer 1 infection peaked at 14.3% of the PSP. The highest infection rate 
for L1 Douglas-fir in the ICH was 30%.  

In the Okanagan TSA, Armillaria root disease was found in 23 stands or 85% of the stands 
surveyed (Table 4). Forty-eight percent of the Armillaria-infected stands were located in the ICH 
and all stands had some level of infection. The remaining stands were located in the IDF where 
75% of stands in that BEC zone were infected with A. ostoyae. The highest levels of infection 
were found in the ICH with an average 15.2% of L1 stems in the stand infected representing 
33.0% of the L1 Douglas-fir. Levels in the IDF were lower with 7.9% of the L1 stems in the 
stand infected representing 11.3% of the L1 Douglas-fir. At a TSA-level infected stands had on 
average 11.3% of the L1 stems affected representing on average 21.6% of the L1 Douglas-fir.  
 
In the Merritt TSA, A. ostoyae was noted in 8 of the 25 (32%) stands surveyed. Again, all of the 
stands surveyed in this TSA were located in the IDF.  Only one stand had L1 Douglas-fir 



infected.  Infection levels ranged from 0.4% to 7.2% of the stand affected with an average 
infection range of 2.6%.  The Douglas-fir component (for all layers) ranged from 0.5% to 8.3% 
affected with an average of 2.4%.  A. ostoyae was found in only 3 of the 28 (11%) PSPs (Table 
5); all on Douglas-fir with infection levels ranging between 1.6% to 4.9%. 

In the Arrow TSA (including TFL 23), all of the stands and PSPs examined had Armillaria root 
disease with an average 7.7% of all L1 species affected or 19.0% of the L1 Douglas-fir (Table 4).  
Similarly for PSPs (Table 5), the average rate of L1 infection was 11.0% and 20.4% for all stems 
and Douglas-fir, respectively.  In the Boundary TSA, A. ostoyae was found in eight (73%) of the 
eleven stands surveyed, in both the IDF and ICH.  The average infection level within infected 
stands of L1 Douglas-fir was 15.9% (range between 1.5% - 56.2%).  A. ostoyae infected all 
conifer species located in these areas. The stand with the highest level of infection was located 
the IDF and 20.3% of the stand was affected. A. ostoyae was found in 8 of the PSPs in the 
Boundary TSA.  On average, 9.2% of trees were infected. The highest infection rate was in a 
PSP located in the IDF where 43.8% of the L1 Douglas-fir were either infected or dead. 

In 100 Mile House, Armillaria root disease incidence was overall, quite low.  A. ostoyae was 
only found in 4 stands (Table 4) and in only two PSPs (Table 5).   

In general, A. ostoyae was more widely distributed than P. sulphurascens. Plot data indicates that 
in all cases A. ostoyae was more homogeneously distributed and comprised a greater percent 
infection rate than P. sulphurascens. P. sulphurascens distribution in comparison was fairly 
clumpy in nature. This is perhaps the case for all TSAs except 100 Mile House where the survey 
data indicated the distribution of trees infected with A. ostoyae within the stand was less 
continuous than what had been observed in other IDF sites further south.  
 
Long-term impacts are expected to highest in areas where both Phellinus and Armillaria’s 
distribution overlap such as in the Okanagan where 89% of the stands surveyed had either 
Phellinus, Armillaria or both.  Highest levels of root disease typically occurred in the ICH. 
 



Table 2. Summary of Phellinus root disease incidence at a stand level by BEC and TSA/District. 

 Kamloops  Okanagan Shuswap  Cascades  Arrow Boundary  100 Mile House 

   IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District 

# of stands surveyed  22  2  24  16  11  27  25  0  25  7  10  19  12  1  13 

# of stands with  L1 (≥ 12.5 
cm) infected (all spp) 

5    
(23%) 

‐ 
5    

(21%) 
 4     

(25%) 
7        

(64%) 
11 

(41%) 
11 

(44%) 
‐ 

11 
(44%) 

‐ 
4       

(25%) 
4     

(21%) 
‐  ‐  ‐ 

# of stands with  L1              
Fd (≥ 12.5 cm) infected 

5   
(23%) 

‐ 
5    

(21%) 
4      

(25%) 
7        

(64%) 
11 

(41%) 
11 

(44%) 
‐ 

11 
(44%) 

‐ 
3       

(30%) 
3     

(16%) 
‐  ‐  ‐ 

#of stands infected          
(all layers, all spp) 

5   
(23%) 

‐ 
5    

(21%) 
5      

(32%) 
8        

(73%) 
13 

(48%) 
11 

(44%) 
‐ 

11 
(44%) 

‐ 
4         

(30%) 
4     

(21%) 
‐  ‐  ‐ 

# of stands infected            
(all layers, Fd) 

5   
(23%) 

‐ 
5     

(21%) 
5      

(32%) 
7         

(64%) 
12 

(44%) 
11 

(44%) 
‐ 

11 
(44%) 

‐ 
3        

(30%) 
3     

(16%) 
‐  ‐  ‐ 

Infected Stands (Layer 1) 

Range of Infection               
(% of stand)  

0.23 ‐ 9.8

 

 

 

 

 

 

 

 
  ‐  ‐    ‐    ‐     ‐ 

  ‐    ‐    ‐    ‐  ‐  ‐ 

  ‐    ‐    ‐     ‐ 

  ‐    ‐    ‐    ‐  ‐  ‐ 

0.7 ‐ 5.2  1.4 ‐ 26.6 0.9 ‐ 33.0 0.7 ‐ 23.2 
 

‐  ‐  ‐ 

Average (%)  5 5  2.7  10.9  7.9  7.4 7.4 7.2  7.2

Range of infection                 
(% Fd component)  

0.4 ‐ 10.1
 

2.0 ‐ 18.8  1.5 ‐ 45.6 1.0 ‐ 35.6 4.8 ‐ 30.0 
 

‐  ‐  ‐ 

Average (%)  5.1 5.1  6.5  22.5  16.7  8.7 8.7 15.6  15.6

Infected Stands  (All layers)    

Range of Infection                  
(% of stand)  

0.6 ‐ 4.5

 

 

 

 

  ‐  ‐    ‐    ‐     ‐ 

  ‐    ‐    ‐    ‐  ‐  ‐ 

  ‐  ‐    ‐    ‐     ‐ 

  ‐    ‐    ‐    ‐  ‐  ‐ 

0.3 ‐ 4.0   0.3 ‐ 7.3 0.3 ‐ 13.3 1.2 ‐ 5.3 
 

‐  ‐  ‐ 

 Average (%)  2.4 2.4  1.3  3.4  2.6  3.7 3.7 2.8  2.8

Range of infection               
(% Fd component)  

1.5 ‐ 5.1 0.5 ‐ 14.3  1.2 ‐ 29.4 0.4 ‐ 16.3 3.8 ‐ 11.8 
 

‐  ‐  ‐ 

Average (%)  2.9 2.9  3.5  12.4  8.7  4.3 4.3 7.1  7.1

 

 

 

 

 

 

 



Table 3. Summary of Phellinus root disease incidence at a PSP level by BEC and TSA/District. 

Kamloops  Okanagan   Cascades  Arrow Boundary  100 Mile House 

   IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District 

# of PSPs surveyed  29  3  32  24  13  37  28  0  28  8  17  25  14  1  15 

# of PSPs with  L1 (≥ 12.5 
cm) infected (all species) 

2       
(7%) 

‐ 
2      

(6%) 
 3     

(12%) 
6   

(46%) 
9     

(24%) 
5         

(18%) 
‐ 

5     
(18%) 

1 
(12%) 

2       
(12%) 

3 (12%)  ‐  ‐  ‐ 

  ‐  ‐  ‐ 

  ‐  ‐  ‐ 

  ‐  ‐  ‐ 

# of PSPs with  L1 Fd              
(≥ 12.5 cm) infected 

2      
(7%) 

‐ 
2      

(6%) 
 3   

(12%) 
6   

(46%) 
9    

(24%) 
5          

(18%) 
‐ 

5     
(18%) 

1 
(12%) 

2       
(12%) 

3 (12%)

#of PSPs infected                 
(all layers, all spp) 

2      
(7%) 

‐ 
2      

(6%) 
5   

(21%) 
8   

(61%) 
13 

(35%) 
6         

(21%) 
‐ 

6     
(21%) 

1 
(12%) 

2       
(12%) 

3 (12%)

# of PSPs infected               
(all layers, Fd) 

2      
(7%) 

‐ 
2      

(6%) 
5   

(21%) 
6   

(46%) 
11 

(30%) 
6         

(21%) 
‐ 

6       
(21%) 

1 
(12%) 

2        
(12%) 

3 (12%)

Infected PSPs (Layer 1) 

Range of Infection             
(% of PSP)  

10.0‐
17.0 

‐ 
10.0‐
17.0 

2.0‐5.5  3.4‐44.3  ‐    ‐  ‐  ‐ 

  ‐    ‐    ‐  ‐  ‐ 

  ‐    ‐  ‐  ‐ 

  ‐    ‐    ‐  ‐  ‐ 

1.3‐25 10.2‐17.1 
 

‐  ‐  ‐ 

Average (%)  13.5 13.5  3.6  21.4  15.4  9.9 9.8  2  13.6  9.7

Range of infection            
(% Fd component)  

12.5‐
17.1 

‐ 
12.5‐
17.1 

2.0‐13.6  4.5‐77.1 1.8‐28.6 26.9‐76.9 
 

‐  ‐  ‐ 

Average (%)  14.7 14.7  6.4  42.9  30.6  11.2 11.2  2.7  51.9  35.5

Infected PSPs (All layers) 

Range of Infection           
(% of PSP)  

13.0‐
15.3 

‐ 
13.0‐
15.3 

1.5‐5.3  0.9‐33.2  ‐    ‐  ‐  ‐ 

  ‐    ‐    ‐  ‐  ‐ 

  ‐    ‐  ‐  ‐ 

  ‐    ‐    ‐  ‐  ‐ 

0.4 ‐ 20 4.3 ‐ 5.5  
 

‐  ‐  ‐ 

Average (%)  14.2 14.2  2.6  11.3  7.9  6.1 6.1  1.2  4.9  3.7

Range of infection                 
(% Fd component)  

13.3‐
16.2 

‐ 
13.3‐
16.2 

1.5‐13.6  6.6‐76.9 0.5 ‐ 22.6 5.0‐73.3 
 

‐  ‐  ‐ 

Average (%)  14.7 14.7  4.3  42.5  25.1  6.7 6.7  1.4  39.2  26.6

 

 

 



Table 4. Summary of Armillaria root disease incidence at a stand level by BEC and TSA/District. 

Kamloops  Okanagan   Cascades  Arrow Boundary  100 Mile House 
   IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District 

# of stands surveyed  22  2  24  16  11  27  25  0  25  7  12  19  12  1  13 

# of stands with  L1 (≥ 
12.5 cm) infected (all 
spp) 

10     
(45%) 

 2    
(100%) 

12 
(50%) 

11 
(69%) 

10     
(91%) 

21 
(78%) 

1       
(4%)  ‐ 

  ‐ 

  ‐ 

  ‐ 

1 
(4%) 

6      
(86%) 

9     
(75%)  

15 
(80%) 

3     
(25%) 

1 
(100%) 

4 
(31%) 

# of stands with  L1 Fd 
(≥ 12.5 cm) infected 

8       
(36%) 

2     
(100%) 

10 
(42%) 

11 
(69%) 

10     
(91%) 

21 
(78%) 

1      
(4%)

1 
(4%) 

6      
(86%) 

9     
(75%)  

15 
(80%) 

3     
(25%) 

1 
(100%) 

4 
(31%) 

#of stands infected 
(all layers, all spp) 

14      
(64%) 

2     
(100%) 

16 
(67%) 

12 
(75%) 

11     
(100%) 

23 
(85%) 

8     
(32%)

8 
(32%) 

7     
(100%) 

9     
(75%) 

16 
(84%) 

3     
(25%) 

1 
(100%) 

4 
(31%) 

# of stands infected 
(all layers, Fd) 

14      
(64%) 

2     
(100%) 

16 
(67%) 

12 
(75%) 

11    
(100%) 

23 
(85%) 

7     
(28%)

7 
(28%) 

7    
(100%) 

9     
(75%) 

16 
(84%) 

3     
(25%) 

1 
(100%) 

4 
(31%) 

Infected Stands (Layer 1) 

Range of Infection      
(% of stand)   0.4 ‐ 23.8  2.6 ‐ 4.9  0.7 ‐ 24.3  6.5 ‐24.2  ‐ 

  ‐ 

  ‐ 

  ‐ 

‐  1.3 ‐ 41.2  1.7 ‐ 31.6  0.9 ‐2.7 

Average (%)  4.9  3.8  4.7  7.9  15.2  11.4  0.6 0.6  9.9  8.2  8.9  1.6  4.8  2.4 

Range of infection      
(% Fd component)   0.4 ‐ 32.4  5.8 ‐ 10.8  0.7 ‐ 60.0  11.1 ‐ 61.1 ‐  1.5 ‐56.2  3.0 ‐ 44.4  1.3 ‐ 8.3 

Average (%)  7.1  8.3  7.3  11.3  33  21.6  0.7 0.7  13.8  21.8  18.6  3.7  8.7  4.9 

Infected Stands (All layers) 

Range of Infection      
(% of stand)   0.6 ‐ 24.7  8.7 ‐ 12.9  0.3 ‐ 18.3  1.0 ‐ 18.8  0.4 ‐ 7.2  ‐ 

  ‐ 

  ‐ 

  ‐ 

0.5 ‐ 20.3  1.2 ‐ 11.2  0.4 ‐ 0.9 

Average (%)  5.8  10.8  6.4  5.2  9.3  7.2  2.6 2.6  4.7  5.7  5.3  0.7  4.7  1.7 

Range of infection     
(% Fd component)   0.4 ‐ 9.2  13.8 ‐ 26 .8  0.5 ‐ 34.9  0.7 ‐ 61.6  0.5 ‐ 8.3 0.6 ‐ 25.1  2.4 ‐ 50.0  0.5 ‐ 1.2 

Average (%)  7.6  20.3  9.2  7.2  29.9  18.1  2.4 2.4  5.7  18.7  13  0.9  8.7  2.9 

 

 

 



Table 5. Summary of Armillaria root disease incidence at a PSP level by BEC and TSA/District. 

Kamloops  Okanagan   Cascades  Arrow Boundary  100 Mile House 
   IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District  IDF  ICH  District 

# of PSPs surveyed  29  3  32  24  13  37  28  0  28  8  17  25  14  1  15 
 
# of PSPs with  L1 (≥ 12.5 
cm) infected (all spp) 

4 
(13%) 

3    
(100%) 

7   
(22%) 

12 
(50%) 

11 
(85%) 

23 
(62%) 

1      
(4%)  ‐    ‐ 

  ‐    ‐ 

  ‐ 

  ‐ 

1      
(4%) 

5       
(62%) 

13      
(76%) 

18 
(72%)

1 
(100%) 

1      
(8%) 

# of PSPs with  L1 Fd            
(≥ 12.5 cm) infected 

4 
(13%)  2    (66%) 

6    
(18%)  9 (38%) 

10 
(77%) 

18 
(48%) 

1      
(4%)

1      
(4%) 

4       
(50%) 

13     
(76%) 

17 
(68%)

1 
(100%) 

1      
(8%) 

#of PSPsinfected (all 
layers, all spp) 

6 
(21%) 

3   
(100%) 

9    
(28%) 

13 
(54%) 

11 
(85%) 

24 
(65%) 

3     
(11%)

3     
(11%) 

6       
(75%) 

14      
(82%) 

20 
(80%) 

1 
(9%) 

1 
(100%) 

2     
(15%) 

# of PSPs infected              
(all layers, Fd) 

6 
(21%) 

3    
(100%) 

9    
(28%) 

11 
(49%) 

10 
(77%) 

21 
(57%) 

3     
(11%)

3     
(11%) 

5       
(62%) 

14     
(82%) 

19 
(76%) 

1 
(9%) 

1 
(100%) 

2     
(15%) 

Infected PSPs (Layer 1) 

Range of Infection           
(% of PSP)   4.9 ‐ 52.0  1.9 ‐ 14.3  1.1 ‐ 25.6  0.7‐27.3    ‐ 

  ‐    ‐ 

  ‐    ‐ 

  ‐    ‐ 

   ‐     1.9‐34.4  2.0 ‐ 23.5

Average (%)  20.7  7.2  14.9  9.3  13.4  11.2  3.8 3.8  9.4  11.2  10.7 9.7  9.7 

Range of infection           
(% Fd component)   5.0 ‐100.0  3.5‐30  1.1‐51.6  1.5‐56 2.0 ‐ 43.8  1.8 ‐ 56.5

Average (%)  30.7  11.8  24.4  18.1  32.6  25.7  4 4  13.9  19.9  18.6 19.5  19.5 

Infected PSPs (All layers) 

Range of Infection           
(% of PSP)   0.4‐38  0.8‐18.9  1.6‐27.0  0.5‐24.7  1.2‐3.1  ‐ 

  ‐ 

  ‐ 

  ‐ 

1.2‐3.1  1.2 ‐ 35.1  0.5‐27.8 

Average (%)  10.1  9.5  9.9  8.6  10.3  9.4  2 2  10.1  6.4  7.5  0.8  9.1  4.9 

Range of infection           
(% Fd component)   0.9 ‐ 100  3.2‐23.9  1.6‐51.5  6.6‐56  1.6‐4.9 1.6‐4.9  1.2 ‐ 40.0  2.6‐54.0 

Average (%)  36.9  11.5  28.5  17.4  30.7  23.7  3.1 3.1  13.5  17.8  16.7  0.8  16.7  8.7 

 

 



Reconciliation of Root Disease Dataset with the Growth and Yield PSP dataset.  
All field data was collected in a standardized format using Microsoft Excel on handheld palm 
devices.  For the PSP’s tree health data was collected on an individual tree basis with codes 
denoting whether a tree was healthy, dead, or infected with root disease. Tree species and tree 
number were also recorded; the latter only in the PSP.  If the tree tag was missing or illegible 
(faded or broken) a code for “no tag” was assigned to the tree.  If some of the numbers were 
legible on such tags, these were also recorded with an ‘x’ indicating where a number was 
missing i.e. x44.  

A list of the PSP’S was generated and submitted to the regional growth and yield forester whom 
provided all of the requested G&Y data.  Other relevant files were also provided which explained 
the changes which have taken place with growth and yield data collection over time, as well as a 
data dictionary explaining the attributes for each of the files.  All of the field (root disease) data 
was imported into Microsoft Access.   

Merging and Linking 
All year’s data was amalgamated to ensure that all codes and formatting were consistent. A 
query was also conducted to identify any trees which may have been recorded twice in a given 
PSP.  These were identified accordingly. Next, the Phellinus root disease (DRL) data was linked 
with the G&Y data using PSP number and tree number as the linking attributes.  This process 
identified both the trees with a match as well as those trees which did not have a match; a result 
of either no tag, partial number or non-existent number.      

Reconciliation 
It was anticipated that the root disease trees with no match would equate to the number of trees 
without a match from the G&Y data, and thru a simple process using tree layer and species the 
missing or legible number would be easily identified. This however, was not the case as the 
majority of PSP’s had more missing G&Y trees than those identified as No Tag, illegible, or 
double (collectively referred to as DRL missing).   A list of these missing trees was generated 
from the G&Y dataset and a number of a tactics were used to try and allocate a tree number to 
those in the root disease dataset.   

The simplest method was to eliminate all of the G&Y trees which had been identified as dead or 
logged in the last G&Y assessment, and then attempt to match the DRL missing live trees based 
on species and layer.  Some leniency was used for layer as some of the PSPs had not been 
assessed for 10 years so the layer may have presumably changed, especially for those close to the 
layer lower DBH limits. The second tactic included acquiring tree locations from our growth and 
yield forester for those PSPs which still had a large number of G&Y missing trees. This location 
information facilitated designation of a tree number by looking at the number of the surrounding 
trees in the root disease data and determining whether one of the root disease missing trees was 
adjacent to those trees, and was the correct species and tree layer.  This process worked well for 
PSPs with few trees but was not possible for many of the PSPs with many trees. This is due to 



the fact that the original Excel data had been sorted by tree number during the surveys as these 
PSPs were more challenging to survey due to the number of trees.    

Trees which had been recorded twice or had a number but no match were also compared to the 
G&Y missing trees to see if any of the numbers could be matched, and if so, the identified root 
disease tree number was modified.   

In any of the above-noted  scenarios, if a tree number was allocated, a code was assigned 
indicating whether a change had been made (from the original) and the degree of confidence 
associated with that change.  A copy of the original dataset was maintained.  

Results 
Eight of the PSPs had no matches whatsoever indicating that the PSP number had been 
incorrectly recorded.  These were corrected using the original GPS data and GIS tools and/or 
discussion with the individual whom conducted the survey.  One PSP (58001.003G) was 
dropped from the dataset as it could not be matched with any of the GY PSP’s.   

A total of 6696 trees were identified as missing from the root disease PSP dataset i.e. in the G&Y 
dataset but not recorded during the root disease surveys, with only 1 PSP having no missing 
trees.  The reconciliation exercise was able to tag 934 of these missing trees, 7% of which were 
dead in the last assessment.  Of the remaining 5768 trees, 55% were noted as live in the last 
G&Y assessment. Only 11% might be accounted for by the remaining root disease PSP live trees 
with no tags or those with no match.        

Discussion 
At first glance the large number of outstanding missing G&Y live trees (3183) is somewhat 
disconcerting.  However, upon closer examination of a number of attributes, a different picture 
emerges.    

G&Y assessments collect a multitude of attributes for each tagged tree. These include a category 
for Tree and Crown Class.  The classes assigned to live trees are either live with no pathology, or 
live with pathological indicators.  These indicators are fork or crook, scar, frost crack, dead top, 
broken top, conk, mistletoe, blink conk and rotten branch, and are rated for each third of the tree.   
Crown class has 6 categories ranging from dominant to understory.  When looking at the G&Y 
missing live trees, 78% had been designated as having some pathology in the last G&Y 
assessment. When viewed from a last re-measurement perspective all but 1 year have >50% of 
the G&Y live missing trees classified as having some pathology (Figure 1).   Similarly for the 
Crown Class code the majority of GY missing trees were classified as suppressed or 
intermediate, with very few in the co-dominant categories (Figure 2).  Given these conditions it 
is plausible that many of the GY missing live trees were dead at the time of the DRL assessment, 
and quite possibly on the ground.  

 



 

Figure 1.  Summary of growth and yield missing live trees by presence or absence of pathology 
in the last growth and yeild assessment, by re-measurement year. 

 

 

Figure 2.  Summary of growth and yield missing live trees by crown class for each re-
measurement year.  

 

 



Furthermore, both in the ICH and the IDF the majority of trees which are missing are <12.5 cm 
(Layer 2 and 3), and the majority of Layer 1 trees which are missing are in plots which were re-
measured prior to 2003 (ICH) and 2001 (IDF) (Figure 3 and Figure 4).     

 

 

Fig 3.  Average number of missing trees by last re-measurement year in PSPs sampled in the ICH. 

 

Fig 4.  Average number of missing trees by last re-measurement year in PSPs sampled in the IDF. 



Discussion: 
The end goal of this project is to link the root disease incidence data with historical growth and 
yield data to determine the degree of growth reduction attributable to root disease and whether 
this information can be extrapolated to the larger landbase in the form of an OAF either specific 
to Phellinus root disease or a combined root disease OAF for Phellinus and Armillaria (where 
appropriate) to be used in Timber Supply Reviews. 

A meeting was held in March with key project team members including the regional Growth and 
Yield Forester to discuss the challenges associated with missing data described above. Figure 2 
shows the large majority of the missing data belonging to suppressed and intermediate layers and 
perhaps, to a lesser extent, the co-dominate layers.  Our assumption is that those particular 
layers, by all means, do not contribute significantly to the volume of the plots. Under this 
assumption, the missing data pieces become less onerous, yet are still in need of being attained in 
order to complete reconciliation of the root disease and growth and yield datasets.  

Work this year (funded by our partners at the CFS) is aimed at revisiting a select number of PSPs 
with known presence of root disease in order to retrieve missing data.  This should facilitate 
complete linkage to the growth and yield dataset and allow us to quantify how these PSPs have 
changed over time as a result of root disease presence (i.e. what are the expected mortality rates 
and impact on growth, and successional changes in species particularly for ecosystems like the 
ICH).  However, the funding for this work is limited and additional funding is required in order 
to (1) do a complete analysis of the reconciled datasets and to simulate, and (2)confirm impact 
scenarios using root disease models such as the Root Rot Tracker or ROTSIM, prior to making 
any recommendations for a root disease OAF based on this study. 

 

Conclusion and Management Implications 
This project addresses key research priorities and information gaps on stand-level losses caused 
by Phellinus (and Armillaria) root disease. Changes to existing management strategies in areas 
with known presence of root disease could reduce the negative effects of the fungus which 
include decreased yields, undesirable species changes, and loss of long-term ecosystem stability 
and resiliency. Since the presence of the disease represents a significant change in site 
productivity, the value of the land could be increased by considering the disease at the stand and 
landscape level. Ultimately, the results of this project will allow the effects of Phellinus root 
disease to be incorporated into growth and yield models, be accurately accounted for in Timber 
Supply Reviews and result in better decision making by practicing foresters. The end result will 
also help facilitate practicable prescriptions for sustainable forest management on sites infested 
with root disease and permit economic evaluations of remedial treatments (e.g. stump removal) 
for Phellinus root disease. 
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Deliverables Completed Under this Project: 
The project projected the following deliverables and extension products: 

‐ A tabulated summary of Douglas-fir leading stands with Phellinus root disease (and 
Armillaria root disease) by inventory type groups, age class, and BEC zones/subzones for 
all five TSAs (Kamloops, Cascades, 100 Mile House, Okanagan-Shuswap and Arrow-
Boundary) 

‐ A digitized Map showing occurrence/incidence of Phellinus and Armillaria root disease 
in inventory PSPs and adjacent stands surveyed 

‐ Awareness article published in Information Forestry – Canadian Forest Service 
Newsletter 

‐ Awareness article in FORREX LINK newsletter 
‐ Growth and yield dataset to determine volume losses in Douglas-fir caused by P. 

sulphurascens and a first-approximation OAF for DRL 
‐ Postings of project information and key results on Ministry of Forests and Range Forest 

Health websites/annual reports 
‐ A draft SEDA for Phellinus root disease for the southern interior forest region 
‐ Oral and poster presentations at regional, national, and international forest health 

meetings. 
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