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ABSTRACT 
This work assesses a trial that was established in 1996-97 in the area of Nakusp, BC, to 
look at the efficacy of pushover logging (root removal technique with large machines) 
over handfalling type logging to reduce the severity of post-harvest Armillaria root 
disease.  Pushover logging did not seem to reduce levels of root disease over handfalling 
type harvesting.  High variability within treatments lowered the power of the trial.  
However, in addition to being statistically insignificant the mean differences between the 
two main treatments were small and biologically uninteresting. 
 
The trial also included four retention levels as treatments and there seems to be a trend of 
declining root disease with increased retention of stems.  This phenomenon could be 
further investigated for its potential to be part of a protocol for harvesting high Armillaria 
stands.  The relationship between soil disturbance, tree damage and Armillaria root 
disease should be studied further. 
 
There was a very strong difference between susceptibility of natural and planted 
seedlings to Armillaria root disease.  Natural regeneration should be favoured in 
Armillaria affected areas. 
 
Western red cedar seems to offer much better survivability than other species in areas 
affected by Armillaria, whether planted or natural regeneration. 
 
INTRODUCTION 
Armillaria root disease is one of the most important tree disease issues in the Southern 
Interior of British Columbia (SIBC) (Cleary et al, 2008).  The primary disease organism 
in SIBC is Armillaria ostoyae (Romagnesi) Herink.  In badly affected stands, mortalities 
can be 3% per year starting at about three years after harvest (Chapman, unpublished 
data) and can continue to 12 or 15 or 20 years depending on site conditions, after which 
time mortality levels tend to decline (Reeves et al, 1993; Cleary et al, 2008; Wargo and 
Kile, 1992).  For young trees in SIBC, most commercially valuable species, except, 
perhaps, Western Red Cedar ((Thuja plicata Donn ex D. Don) have the potential to suffer 
significant losses in the correct conditions. 
 
In British Columbia one of the recommended procedures for treating to mitigate losses to 
Armillaria root disease is to remove roots after harvesting and prior to planting (Cleary et 



al, 2008).  The usual procedure for doing this is to pull stumps from the ground using an 
excavator.  Some concern has been raised that this approach is costly and has the 
potential to create large amounts of soil disturbance (Mike Curran, personal 
communication).  An alternate approach to root removal that has been proposed and used 
on an operational scale, is called pushover logging.  In this technique an excavator pushes 
the trees over, using the bole as a lever to assist lifting the root.  In theory, this should 
reduce the shear stresses on the soil.  Soil disturbance measurements were carried out as 
part of the Ice Road Trial, though they are not dealt with here.  One of the major reasons 
for establishing the Ice Road Trial was to evaluate the efficacy of the pushover type of 
root removal technique. 
 
Root removal techniques have gained a fairly wide degree of acceptance in Southern 
British Columbia.  However, there remains a dearth of published peer reviewed literature 
establishing the efficacy of the techniques, while to the contrary, a number of peer 
reviewed publications question the efficacy of the techniques (Leach, 1939; Reaves et al, 
1993; Roth et al, 2000).  The technique is based on the logical argument that reduction of 
inoculum should necessarily reduce the incidence of disease.  Two pieces of evidence 
argue against this deduction.  The first is that Armillaria ostoyae is known to affect a very 
wide range of hosts (Kromroy et al, 2005) and so on many sites it is probable that high 
levels of inoculum will remain even after removal of the roots of harvested trees.  The 
second objection is that even very tiny pieces of inoculum are able to re-establish 
infection and once established, the infection grows exponentially and quickly reaches 
untreated levels (Reaves et al, 1993. Bruhn et al, 1998).  In addition, the techniques are 
costly to apply and the ecological ramifications of removing root systems from large 
areas have not been studied, including the possibility of destroying existing fungi in soils 
that may have anti-Armillaria tendencies.  Because of the cost and potential for 
unforeseen consequences from root removal, it would seem imperative to at least confirm 
the efficacy of the technique for mitigating losses due to Armillaria root disease. 
 
The Ice Road Trial was initiated in 1993 with harvesting taking place in spring 1996.  
The Ice Road Trial is paired with another trial with similar treatments, called the Mt. 
Seven Trial.  That trial does not have Armillaria root disease present and only has a very 
small amount of Tomentosus root disease to date- in the spruce of the root disease 
mortality plots and so is not discussed here.  The Ice Road Trial is a factorial design with 
treatments consisting of a cross of four retention levels and three harvest methods.  One 
of the four retention levels is full retention and so the only harvest treatment in those 
replications is unharvested.  Not all measurements can be undertaken in the unharvested 
treatment units as there is limited regeneration in those treatments and one of the major, 
monitoring protocols in this study- the Armillaria mortality plots were not established 
there.  In addition to the Armillaria mortality plots, a number of different tree species 
were planted and a variety of natural regeneration established in a separate network of 
Silvicultural plantation plots.  The Armillaria mortality plots consist of Douglas-fir only. 
 
The trial was established by the Nelson Region Forest Sciences section in conjunction 
with the Arrow Forest District and Golden Forest District.  In 2003, the BC Ministry of 
Forests underwent restructuring and the Nelson Region Forest Sciences group was 



absorbed into the Southern Interior Forest Region Forest Sciences.  People involved with 
establishing the trial left the MoFR and responsibility for the trial passed over to Teresa 
Newsome and Michaela Waterhouse of the Southern Interior Forest Region Forest 
Sciences.  Portions of the trial to monitor Armillaria root disease were originally installed 
under the supervision of Eric Allen of the Pacific Forestry Center.  Dr. Allen retained 
certain records of this trial including the Establishment Report for the root disease portion 
of the study and he has assisted in clarifying details regarding the experimental design 
and establishment. 
 
METHODS 
These establishment methods were extracted from Extension Note 30 by Angela Hawe 
(1996). 

Site description:The Arrow Forest District study site is located on Ice Road, about 50 
km south of Nakusp, B.C., in the Interior Cedar-Hemlock moist warm (ICHmw2) 
subzone. The timber type on the site was CwFdLw 633G7. Soils are predominantly silty 
loam and fine sandy loam. The site is north facing with slopes ranging from 25 to 35%.  

Pre-harvest root disease surveys indicated that Armillaria ostoyae is dispersed throughout 
the site.  Phellinus weirii and larch dwarf mistletoe were also reported to be present on 
the sight but the presence of P. weirii was not confirmed during reasssessment. 

Study design: Eight treatments were established in a 2 x 4 factorial design with two 
replicates, for a total of 16 one-hectare (100 x 100 m) blocks. The first factor is 
harvesting method, and the second factor is level of basal area retention (Figure 1).  

Treatments: 

• Handfelled-Clearcut  
• Handfelled-Light-Shelterwood (13m2 residual basal area targeted 15m2 achieved)  
• Handfelled-Heavy-Shelterwood (25m2 residual basal area targeted, 30m2 achieved) 
• Pushover-Clearcut 
• Pushover-Light-Shelterwood  
• Pushover-Heavy-Shelterwood  
• Unharvested (4 TUs in total as opposed to 2 each for all other treatments) 

(see Appendix 1 for TU layout) 



 

Figure 1. Light shelterwood treatment  

Pre-harvest assessments: The Armillaria assessment was conducted at the pre-harvest 
stage in September of 1993 by Heather Pinnell & Al Johnson who sketch-mapped 
Armillaria centres using line-intercept methods by observing above & below-ground 
symptoms in the trees.  Root disease when encountered was classified as centres (C), 
suspects (S), or suspect centres (Sc). 

Before harvesting, inventories of stand structure (Table 1), vegetation and woody debris 
were also completed.  

Table 1. Pre-harvest stand characteristics 
Canopy Layer species  m3/ha m2/ha Stems/ha Avg. dbh
Layer 1 (>12.5cm dbh) Cw,Lw,Fd 436 45 743 29 
Layer 2 (7.5 - 12.5cm dbh) Cw,Hw - - 200 - 
Layer 3 (1.3m ht. - 7.5cm dbh) Cw,Hw(Fd) - - 662 - 
Layer 4 (<1.3m ht.) Cw,Hw - - 1918 - 

In all treatment units, a root disease assessment was completed before harvest. In 
addition, three 20 x 20 m plots were established in each of the clearcut and light 
Pushover-Shelterwood treatment units.  These plots were examined for above- ground 
root disease indicators.  Comparison of above-ground and below-ground signs of 
Armillaria infection confirmed the pre-harvest observation of a high incidence of 
Armillaria throughout, with no clearly delineated infection centres. In the pre-harvest 
above-ground survey, Armillaria was observed on 26% of Douglas-fir, 5% of larch, and 
74% of Western red cedar.  In contrast, below-ground assessment is showing Armillaria 
is present on a high proportion of the roots of larch and Douglas-fir that showed no 



above-ground signs.  However, when Armillaria is present on cedar, it is almost always 
expressed above-ground (mycelial fans are commonly found under the flat side of the 
bole). 

Marking: All leave trees in the shelterwood blocks were marked with blue paint before 
logging. Stands were marked to a specific residual basal area (either 13 or 21 m2/ha) to 
achieve a uniform distribution of acceptable stems, but favouring larger stems of 
Douglas-fir and larch.  Markers used a combination of prism sweeps and target inter-tree 
distance to ensure they were approximating the target residual basal area.  The species 
composition in the heavy shelterwoods was different than the light shelterwoods because 
as the residual basal area goes up, flexibility over what is marked goes down. 

Table 2. Marked stand 
Measure light shelterwood heavy shelterwood 
m3/ha 131 209 
m2/ha 13 21 
Stems/ha 97 200 
Avg. dbh (cm) 40 30 
Species Lw,Fd,Cw Fd,Cw,Lw 

Harvesting: Harvesting began the first week of January1996, and was completed by the 
second week of March.  In general, over 50 cm of good, compressible snow was on site 
during harvesting.  

Harvesting was completed by 3-two-person logging crews (1 pushover and 2 
handfalling).  The pushover crew required approximately 40 days to harvest and skid 
1800 m3 of wood.  Accurate productivity figures for the two handfalling crews are not 
available due to missed days, breakdowns, and periods with just one crew member 
working.  A total of 2050 m3 was removed by the handfalling crews.  

The pushover crew used a Linkbelt 2700 excavator for falling, and a small Caterpillar 
(D4) for skidding.  The excavator was equipped with a bucket and thumb rather than a 
clamshell head.  To improve the bucket and thumb head for pushover logging, the 
operator welded a large spool onto either side of the bucket (Figure 2).  This allowed 
greater control of tree placement because the head could be used to both push trees 
backwards or pull them forward, thereby reducing damage to both residual and felled 
stems. 

 



 

Figure 2. Pushover harvesting equipment  

For more details of the harvesting procedure, see Extension Note 30 (1996). 

Post-harvest: In the summer of 1997, five 3m radius Armillaria mortality plots were 
established in each TU (except in the 4 untreated TU’s).  It is unknown whether plots 
were randomly placed in the TU’s or strategically located within confirmed Armillaria 
centres.  Within each plot 10 one-year old Douglas fir seedlings (PSB415B) were planted 
– one in the centre and nine spaced around the plot perimeter.  Each tree was marked with 
a 45 cm wire stake (pigtail) & aluminum identification tag with yellow flagging. 

A formal soil disturbance survey was completed in all blocks after harvesting (Table 3 
and 4).  Counted soil disturbance was generally higher in the Pushover treatment units. 
Disturbance levels varied little between treatments in the handfelled treatments, but 
disturbance levels in the Pushover treatment units tended to increase with the increase in 
basal area removed. 

Table 3. Counted soil disturbance (%) by treatment. 
Treatment Handfelled logging Pushover logging 
Heavy shelterwood 2.9 7.4 
Light shelterwood 5.4 8.3 
Clearcut  3.0 19.7 

Unplanned skid trails were built in two of the handfelled units (Light-Shelterwood and 
Clearcut).  Therefore disturbance levels could have been lower had the logging plan been 
followed.  Higher-than-expected disturbance levels also occurred in the Heavy-



Shelterwood-Pushover treatments.  One of the Heavy-/shelterwood-Pushover treatments 
had clumpy tree distribution that made the pushover more difficult.  

Table 4. Average forest floor displacement (%) by treatment. 
Treatment Handfell logging Pushover logging 
Heavy shelterwood 3.6 12 
Light shelterwood  5.9 11.5 
Clearcut 2.2 20.7 

Damage to overstory residuals: Injuries to residual trees were counted and 
characterized in each of the treatment units.  Similar levels of damage were found in the 
Light and Heavy Shelterwood units, but the percentage of injured trees was much higher 
in the Pushover treatments than in Handfelled ones (41% compared to 13%).  A higher 
proportion of cedar trees sustained injuries (36%) than Douglas-fir (18%) and larch 
(19%), probably due to cedar's thinner bark. Cedar injuries also tended to be larger. Most 
gouged the wood to a depth of more than 1 cm. Values for injury intensity were similar 
for cedar, larch, and Douglas-fir. The median injury size was 306 cm2 (it is considered 
that injuries of 900 cm2 or greater would result in significant decay).  

Damage to advance regeneration: Pre-harvest surveys indicated an average of more 
than 2500 stems/ha of Layers 3 and 4 regeneration (Table 1). Post- harvest surveys 
indicated that much less advance regeneration (16%) survived in the Pushover treatments 
than in the Handfelled treatments (48%). Within the same falling treatment, a slightly 
higher proportion of regeneration survived harvesting in the shelterwoods than in the 
clearcut blocks.  

Planting: All blocks, except the Heavy-Shelterwoods, were planted in the spring of 1996 
with Douglas-fir, larch, and cedar. The Heavy shelterwoods were not planted because of 
higher residual stocking of all layers.  Greater effort was required to find plantable spots 
on the Pushover treatments because of slash build-up along skid trails. This is likely 
because of the large crowns present on much of the cedar component, and because much 
of the understory cedar component was destroyed during logging.  

Re-measurement: In May & June of 2008 re-measurements of plot trees were carried 
out on the Ice Road Trial.  Prior to re-measurement, plots had to be relocated, plot 
boundaries had to be re-established and trees for measurement relocated where possible. 
 
Field remeasurements were conducted jointly by consultant Bruce Schellenberg, RPF and 
MoFR co-op student Neil MacEachern.  Each tree was measured using data collection 
parameters, methods & fieldsheet formats developed in consultation with Teresa 
Newsome, Michaela Waterhouse and Eric Allen.  Each tree was measured for 2007 
height & leader growth, basal diameter, root disease, general condition, overtopping, & 
windfall effects.  Plots were additionally assessed for general brush conditions, ingress, 
slopes and surrounding health conditions in forests.  GPS waypoints were taken for each 



plot centre and a digital photograph was taken of each plot.  Located plot trees were re-
flagged with purple arctic weight “PEST” ribbon, but where trees were missing only the 
pigtail stake was flagged.  The plot centre tree or pigtail were flagged in purple PEST and 
orange polka dot or striped ribbon.  An assortment of photos from the assessment are 
shown in Appendix 2 to show current conditions in each Treatment Unit. 

 
Root disease symptoms observed were red or chlorotic foliage with thinning crowns and 
shortened leader growth.  Signs confirming Armillaria were basal resinosis and mycelial 
fans (or fan impressions) on roots & root collars.  Armillaria infected trees were classed 
as either recently infected (chlorotic foliage), newly dead (red foliage), or old dead (no 
foliage).  All infected trees were assigned Condition Code 5, regardless of the stage of 
infection since once Armillaria-infected trees exhibit chlorotic foliage they are effectively 
dead. 
 
For purposes of comparison and to supplement the Armillaria plot data, data from the 
regeneration plots which were established post-harvest in the Ice Rd TU’s and re-
measured in 2005 are also analyzed in this report.  The 2005 data had 26 Armillaria-
killed seedlings within the TU’s from a population of approximately 3000 measured 
seedlings. 
 
RESULTS 
General observations & clarifications: Of the 600 plot trees in the Armillaria plots, 135 
(22.5%) were missing and 38 (6.3%) were confirmed as dead or dying from Armillaria 
root disease.  It was felt that many missing (code 6) trees likely met their demise through 
snow or ice damage, windfall effects or root disease.  Unfortunately none of this can be 
confirmed since there were no remnants of trees. 
 
The mortality results for the Armillaria Plots are summarised in Table 5. 



 
Table 5. Armillaria mortality in Armillaria plots by TU 

Treatment 

Total 
infected 

plot 
trees 

missing 
trees 

(from 50 
planted 
per TU) 

mortality as 
percentage of 

surviving 
trees by TU 

mortality as 
percentage of 
surviving trees 

by felling 
treatment 

mortality as 
percentage of 
surviving trees 

by retention 
treatment 

TU 6 - Hand-
felled Clearcut 

(Conv CC) 
8 7 18.60% 

TU 16 - Hand-
felled Clearcut 

(Conv CC) 
4 9 9.76% 

14.29 % 

TU 3 - 
Pushover 

Clearcut (Conv 
PO) 

4 11 10.26% 

TU 14 - 
Pushover 

Clearcut (Conv 
PO) 

5 1 10.20% 

10.23 % 

12.2% 

TU 10 - 
Handfelled 

Light 
Shelterwood 
(Conv 15)

2 15  5.71% 

TU 17 - 
Handfelled 

Light 
Shelterwood 
(Conv 15)

2 9 4.89% 

5.26% 

TU 7 - 
Pushover Light 

Shelterwood 
(PO 15) 

2 10 5.00% 

TU 9 - 
Pushover Light 

Shelterwood 
(PO 15) 

3 16 8.82% 

6.76% 

6.0% 

TU 2 - Hand-
felled Heavy 
Shelterwood 
(Conv 30) 

5 13 13.51% 

TU 12 - Hand-
felled Heavy 
Shelterwood 
(Conv 30) 

1 14 2.78% 

8.22 % 

TU 8 - 
Pushover 

Heavy 
Shelterwood 

(PO 30) 

1 11 2.56% 

TU 13 - 
Pushover 

Heavy 
Shelterwood 

(PO 30) 

1 19 3.23% 

2.86 % 

5.6% 



It was not uncommon to see Armillaria killed trees in close proximity to uprooted stumps 
(Fig 3) 
 

 
Figure 3: TU 3, Plot 5 – Pushover clearcut with Armillaria-killed natural fir adjacent to 
popped stump on edge of plot 
 



Results for the Regeneration plots are summarized in Table 6. 
 

Table 6. Percent mortality by treatment and treatment unit- Regeneration plots 

Treatment Treatment 
Unit 

expressed 
as % of 
all trees 

expressed 
as % of 

surviving 
trees* 

TU 
Combined Treatments 

combined 
6 1.06% 1.82% Handfelled 

CC 16 0.83% 1.11% 
1.46% 

14 0.43% 0.53% Pushover 
CC 3 7.75% 9.65% 4.14% 

2.77% 

10 4.85% 6.78% Handfelled 
Light 17 0 0 3.39% 

7 0.57% 0.79% Pushover 
Light 9 0.56 0.74 0.77% 

1.78% 

2 0% 0% Handfelled 
Heavy 12 0% 0% 0% 

8 0% 0% Pushover 
Heavy 13 0% 0% 0% 

0% 

Unharvested 
(4) 1,5,11,15 0% 0% *excludes missing & non-

Armillaria killed trees 

  

0.87% 
avg. all 

TU's 

1.18% 
avg. all 

TU's   
 
ANALYSIS 
Armillaria mortality in Pushover versus Handfelling Treatments: There is high 
spatial variability within treatments.  For example, for the Regeneration plots, one 
Pushover clearcut treatment unit has an Armillaria mortality rate of 9.6% and the other 
has a mortality rate of 0.5% (Armillaria mortality expressed as proportion of known 
Armillaria killed trees and living trees).  Tables 7 and 8 show the results of a T-test 
analysis, keeping data separate by Treatment Unit, for Regeneration plots and combined 
for Armillaria plots, respectively. 
 



 
 

Table 7 
t-Test: Two-Sample Assuming Equal Variances 

  Handfelled Pushover 
Mean 2.43425 2.9275
Variance 8.937112 20.09803
Observations 4 4
Pooled Variance 14.51757  
Hypothesized Mean 
Difference 0  
df 6  
t Stat -0.18308  
P(T<=t) one-tail 0.430383  
t Critical one-tail 1.94318  
P(T<=t) two-tail 0.860767  
t Critical two-tail 2.446912   

n.b.:  The heavy retention plots were left out as they had no mortality 

 
 

Table 8 
t-Test: Two-Sample Assuming Equal Variances 
   

  Handfelled Pushover 
Mean 9.208333 6.678333
Variance 35.84438 12.29714
Observations 6 6
Pooled Variance 24.07076  
Hypothesized Mean 
Difference 0  
df 10  
t Stat 0.893174  
P(T<=t) one-tail 0.196376  
t Critical one-tail 1.812461  
P(T<=t) two-tail 0.392751  
t Critical two-tail 2 228139

The mean mortalities presented are for the entire period of the trial at the time at which 
the trial was assessed.  The trial was 11 years old at the time of the Armillaria Plot re-
measurement (2008) and 8 years old for the Regeneration plots (2005).  Even with the 
cumulative mortality data for the entire period of the trial, there is no conclusive 
treatment effect from type of harvesting.  For the Armillaria plots the indicated average 
yearly mortality rate is less than 1% per year for either the Handfelled or Pushover 
treatment, and there is no indication of increasing mortality rate with time. 
 
Mortality by retention: Both the Regeneration and Armillaria plot data show a trend of 
decreasing Armillaria mortality with decreasing intensity of removal (See Figure 1). 
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Figure 3 

 
 
Mortality by Planted Versus Natural: In the Regeneration data, there is a very clear 
trend in that of the 26 trees identified as killed by Armillaria root disease, none were 
naturally regenerated seedlings.  Naturally regenerated seedlings comprised 42% of the 
seedlings assessed.  The Armillaria plots only contained planted seedlings. 
 
Species Effects: Only 22% of the Regeneration plot seedlings were Western Larch  
(Larix occidentalis Nutt.) and 19% were Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco) but 47% of the dead seedlings were Western Larch, with all of the remainder 
(53%) being Douglas-fir.  The measured trees also included 45% Western red cedar and 
12% Western hemlock (Tsuga heterophylla (Raf.) Sarg.). 
 
DISCUSSION 
Pushover versus Handfelling: The differences between Pushover and Handfelled 
treatments are small and would not be considered different by standard convention.  
However the data is highly variable by treatment unit, there are a small number of 
replicates (2) and in spite of the factorial design, there still could be a high risk of 
committing a Type II error.  For example, for the Regeneration-Clearcut data, one 
Pushover treatment unit showed high mortality and the other was low.  For the Armillaria 
plots, Handfelled, Heavy-Retention treatment, one Handfelled treatment unit had high 
mortality while the other was quite low.  In the Regeneration data for Heavy Retention 
treatments, both Handfelled and Pushover treatments had negligible Armillaria.  If there 
is a high risk of a Type II error, it is of little consequence as the mean differences 
between treatments are not biologically interesting, i.e. the annual mortality rates are 
similar enough to each other that they represent no significant difference in the 



probability of meeting reforestation targets.  For example in the Regeneration data, there 
is less than half a percentage point difference in mean total mortality after the whole 8 
year period of the trial while for the Armillaria plots, there is less than half a percentage 
point difference between treatment means averaged per year, with no trend of increasing 
Armillaria mortality incidence with time. (Some researchers have reported that Armillaria 
mortality rates will increase exponentially with time up to age 12 or 15 to 20, after which 
they will decline (Cleary et al, 2008; Reeves et al, 1993, Brenan, 2009) but that does not 
seem to be happening in this trial.) 
 
It is of little consequence whether or not there was an interaction between Retention 
treatment and Harvest type treatment as the mean annual differences between Harvest 
treatments within Retention treatments are again, too small to be biologically interesting. 
 
It is enticing to speculate that there might be a relationship between soil disturbance 
and/or damage to trees and incidence of Armillaria as stress is believed to increase 
susceptibility to Armillaria root disease (Piercey-Normore et al, 2000).  Soil disturbance 
levels during establishment decreased with degree of retention, and the remeasurement 
showed the same trend for levels of root disease.  At least some work (LeGrand et al, 
1996) also suggests that increasing soil disturbance allows the establishment of new 
genets of Armillaria which could affect the balance between disease and host.  Trees 
sustained more damage in the Pushover Treatments, which might have negated beneficial 
effects from inoculation reduction as it seems logical that injured trees would be stressed 
and so could be more susceptible to Armillaria root disease. 
 
Several researchers have found no benefit to root removal techniques (Leach 1939; 
Reaves et al. 1993). Roth et al. (2000) so it is also possible that soil and tree damage 
played no role in the level of Armillaria expression.  This would mean that Pushover and 
Handfelling treatments were not different in their effects on Armillaria root disease.  
Assessing more trees in the treatments by means of, for example, a total count or a grid 
count, might clarify whether or not the differences were statistically significant, but since 
the means of the total population are most likely to center around the means of the 
samples, it is unlikely that further data collection would yield a finding that was 
biologically more interesting (i.e. that the treatments were significantly different in a 
biologically relevant way). 
 
Retention Level: The expected outcomes from increasing retention levels are somewhat 
hard to deduce logically.  Harvesting is believed to exacerbate Armillaria root disease for 
a variety of reasons (Chapman et al, 2004).  However, partial cutting is reported to 
potentially increase Armillaria root disease in some cases and not in others.  In fact, 
partial cutting is beneficial about as often as it has no effect or has a detrimental effect 
(Blenis, 2000, Brenan, 2009).  In this case, both the Regeneration and Armillaria data sets 
are suggestive that there is a decline in severity of Armillaria root disease with increasing 
retention, in spite of increased tree damage in the Pushover treatments. 
 
It may have been that the Armillaria was not aggressive enough in this stand to result in 
an increase in disease severity with cutting.  There is currently no good process for 



relating pre-harvest infection level to post-harvest disease severity.  Unfortunately the 
observations in this study to this date will not contribute much to resolving that issue as 
the preharvest report give detailed descriptions of the levels of Armillaria over small 
areas (excavated root plots) but simply indicates that Armillaria was uniformly 
distributed and ubiquitous over most of the trial.  For the Regeneration plots, the 
Armillaria levels in the highest retention and the uncut treatments, were both zero, 
suggesting several possibilities: 

• there was little Armillaria in the uncut or high retention stands to begin with; 
• Armillaria activity has declined in both these treatments; 
• there was and currently is high presence but low expression of Armillaria root 

disease in the uncut treatments and there was high presence of Armillaria root 
disease in the high retention treatment but that initial high level has not resulted in 
an increase in disease expression over course of the study. 

 
The current low levels of Armillaria activity in some of the treatments are difficult to 
square with the pre-harvest observations of Armillaria intensity but least it is clear that 
the high retention level (light cut) did not result in silviculturally significant levels of 
Armillaria root disease in the treatment after 11 years.  Presuming the pre-harvest 
descriptions of the pervasiveness of Armillaria rood disease in the trial were reliable, it is 
tempting to speculate that the light removal of timber could actually have lessened the 
severity of disease.  This possible effect would not be inconsistent with other 
observations of positive effects from partial removals (Blenis, 2000).  The Armillaria 
plots on the high retention treatments showed annual mortality rates (averaged by both 
harvest methods), of less than 1% per year.  This is an annual level of Armillaria 
mortality that could easily be tolerated if there was some other overriding reason for 
implementing a partial cut, though it would be intriguing to investigate whether or not 
light partial cuts could be used as a way of harvesting in Armillaria affected areas without 
exacerbating existing root disease. 
 
There is a discrepancy between the number of dead trees that were reportedly killed by 
Armillaria, by survey method.  In the Armillaria plots, the majority of dead trees had 
Armillaria on them, while in the Regeneration plots, the majority of trees died from 
unknown causes.  This suggests that there may have been a difference in methodology for 
assessing Armillaria between the two types of plots.  There are other possible 
explanations, for example, the trees assessed in the Armillaria plots were all planted 
Douglas-fir which may have meant that those trees were all of a type more susceptible to 
Armillaria root disease.  Whatever the reason for the differences in the magnitude, the 
trends are similar for the two types of plots and so seem to be indicative of real 
phenomena. 
 
Planted Versus Natural Seedlings: The mostly strongly expressed trend observed is that 
all of the Armillaria killed trees in the Regeneration plots were from the planted seedlings 
(all trees assessed in the Armillaria plots were planted), even though natural seedlings 
made up 42% of the seedlings in the plots.  This seems to support previous observations 
(Livingston, 1990), that planted seedlings are more susceptible to Armillaria root disease 
than natural seedlings.  In the Armillaria plots, all the assessed seedlings were planted. 



 
Species Effects: All of the trees monitored in the Armillaria plots were planted Douglas-
fir while the trees monitored in the Regeneration plots consisted of a mix of species, with 
Western red cedar being the most common.  The Western red cedar was roughly half 
planted and half natural regeneration so it could be expected to have fairly significant 
mortalities in the planted stock if there was no species resistance effect and especially if 
there is a planted stock susceptibility effect.  Western red cedar is suspected of being 
more resistant to Armillaria at a young age (Cleary, 2004).  Therefore, it seems consistent 
that the Western red cedar should be under-represented in the Armillaria killed seedlings, 
whether planted or natural.  Douglas-fir and Western larch made up approximately 20% 
each of the seedling mix and they each accounted for roughly half of the seedling 
mortality.  The Douglas- fir made up 4% of the natural regeneration while there was no 
natural larch regeneration. 
 
CONCLUSIONS 
Pushover logging did not seem to reduce levels of root disease over handfelled types of 
harvesting.  High variability within treatments lowered the power of the trial.  However, 
in addition to being statistically insignificant the mean differences between the two main 
treatments were small and biologically uninteresting. 
 
The trial also included four retention levels as treatments and there seems to be a trend of 
declining root disease with increased retention of stems.  This phenomenon could be 
further investigated for its potential to be part of a protocol for harvesting high Armillaria 
stands. 
 
There was a very strong difference between susceptibility of natural and planted 
seedlings to Armillaria root disease.  Natural regeneration should be favoured in 
Armillaria affected areas. 
 
Western red cedar seems to offer much better survivability than other species in areas 
affected by Armillaria, whether it was planted or natural regeneration. 
 
RECOMMENDATIONS FOR FUTURE WORK 
One of the difficult problems facing forest managers is deciding when it is worthwhile to 
intervene to treat Armillaria root disease.  The pre-harvest survey of Armillaria seemed to 
indicate that Armillaria root disease would undoubtedly be a problem on this block and 
the biogeoclimatic subzone where the block is located is known to have Armillaria 
throughout.  The trial has uncut treatments that, in conjunction with preharvest 
observations, might be used to do a forensic reconstruction of the severity and nature of 
the Armillaria in the stand prior to harvest so that this information could be used to help 
build a risk rating scheme for post harvest Armillaria root disease. 
 
Even though it is likely that more intensive sampling will simply narrow the confidence 
limits around mean mortality rates that are biologically indistinquishable, it still would be 
worthwhile to do a more detailed survey of Armillaria within the treatment units.  The 
plots for both kinds of surveys were small and while for some measures, would seem 



adequate, it is these authors opinion that they are inadequate to get a good picture of what 
the Armillaria is doing in this trial.  We recommend either a full stem assessment except 
for buffers along TU boundaries, or a small (<10m) grid survey of Armillaria (with 
buffers).  In either case, the Armillaria should be mapped using GPS and the work needs 
to be done by a highly competent Armillaria surveyor.  This work could be done at the 
next scheduled assessment of the trial. 
 
Other trials that examined the efficacy of root removal techniques need to be assessed 
and the data published as soon as possible, given the continued questions surrounding the 
efficacy and expense of the treatment. 
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Appendix 1 
Ice Road Trial Layout 

 



Appendix 2 
 

Ice Road Trial Armillaria Plot Assessment Photos 
 

 
 

TU 2 - overview of Handfelled Heavy-Retention treatment 



 
 

TU 2, Plot 1 – Handfelled Heavy-Retention shelterwood with subsequent windfall 
across plot (1 plot tree killed) 



 
TU 3, Plot 3 - Pushover Clearcut.  Plot is on edge of a seepage site & is now too wet 
for root disease survival. 



 
TU 6, Plot 3 – Handfelled clearcut with dense HwCwF regen & 1 Armillaria-killed 
plot tree (not visible) 

 



 
TU 7 – overview of Pushover Light-Retention shelterwood 

 



 
TU 8 – overview of Pushover Heavy-Retention shelterwood 

 



 
TU 8 – Armillaria kill visible in eastern edge of TU (only 15m from Plot 4 but with 
no Armillaria in plot).  Pushover-Heavy-Retention shelterwood treatment. 

 



 
TU 9, Plot 3 – Pushover-Light-Retention shelterwood showing stunted growth 
typical of shelterwood TU’s in this trial (one Armillaria-killed plot tree in 
foreground) 

 



 
TU 10 – overview of Handfelled Light-Retention shelterwood with red Armillaria-
killed cedar visible 

 



 
TU 12, Plot 1 – Handfelled Heavy-Retention shelterwood showing typical poor-
quality stunted growth under trees (no Armillaria in plot).   Plot is 35m from TU 
edge. 

 



 
TU 12 – overview of Handfelled Heavy-Retention shelterwood 

 



TU 13, Plot 2 – Pushover-Heavy-Retention shelterwood.   Four recent windfall 
across plot have damaged 3 plot trees (plot is 30m from TU edge).  One plot tree is 
also dead from Armillaria (not visible). 

 



 
TU 14, Plot 2 – Pushover-Clearcut showing two Armillaria-killed fir near popped 
stump (one plot tree and one natural outside of plot) 

 



 
TU 14, Plot 3 – Pushover-Clearcut with recently infected plot tree 

 



 
TU 16, Plot 5 – Handfelled clearcut.  Plot trees are extremely stunted, probably 
from edge effects of TU (snow deformities, dense regeneration, cooler 
temperatures).   Plot is only 10m from TU edge. 



 
TU 17, Plot 3 – Pushover-Light-Retention shelterwood.  Severe needlecast in plot 
trees often simulated symptoms of Armillaria (no root disease observed in this plot). 

 



 
TU 17, Plot 5 – Pushover-Light-Retention shelterwood.  Most trees in this plot are 
bent & distorted from snowpress (plot 25-30m from TU edge). 

 


