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Abstract 

The overall objective of this project is to test birch competition thresholds (for Douglas-fir 
productivity) experimentally derived by Simard et al. (2001) and as described in the current free-growing 
guidelines (acceptable broadleaf densities) for British Columbia (B.C. Min. For. 2000).  It is comprised of 
four studies that experimentally test for birch threshold densities, that examine brushing methods for 
achieving those densities, and that study the effects of birch brushing and site preparation practices on 
conifer performance, Armillaria root disease, and soil chemical, physical and biological properties.  These 
four studies are called the (a) Site Preparation Study, (b) Soil Transfer Study, (c) Radii Study (Crop-tree 
Response to Manual and Chemical Brushing at Various Radii), and (d) Birch/Conifer Thinning Study.  In 
2004-05, we collected tree, disease and soil data for the Site Preparation Study, Soil Transfer Study, and 
Birch/Conifer Thinning Study, and analyzed all of the results.  We have completed draft journal article 
manuscripts for the Soil Transfer Study, Radii Study, and Birch/Conifer Thinning Study.  We have 
prepared a report summarizing the results for the Site Preparation Study, after receiving the final soil 
analysis data sets in March 2005, and this report will form the basis for a journal article to be completed 
in 2005-06 as planned.  In addition to these draft articles and report, we have also produced draft 
manuscripts for two Extension Notes and one LINKS newsletter as planned.   
 
Introduction 
 

Conifer plantations are routinely weeded of competing broadleaf trees to increase productivity and 
meet reforestation requirements in northern temperate forests of Canada (Lieffers et al. 1996; Comeau et 
al. 2000). Most treatments involve complete broadleaf removal because it greatly reduces the costly risk 
of not meeting free-growing standards (Comeau et al. 2000). Conifer productivity has been shown to 
increase following complete removal treatments (Harrington and Tappeiner 1997, Simard et al. 2001), but 
there are increasing concerns that there are associated costs to forest health and biodiversity (Burton et al. 
1992). There is evidence, for example, that broadleaf removal increases disease and insect infestations 
among residual conifers (Woods 1994, Taylor et al. 1994, Simard et al. 2001) and reduces habitat quality 
for cavity nesting birds (Aitken et al. 2002).  Extensive application of broadleaf removal treatments also 
has the potential to reduce the diversity of stand types in semi-natural landscapes, which should include a 
mosaic of mixed and managed conifer plantations that have a range of compositional and structural values 
(Lautenschlager 2000). Management of mixed stands requires an understanding of competitive relations 
among species, and competition thresholds have been used in some plant communities to identify residual 
broadleaf densities that balance short-term conifer productivity gains with other beneficial interactions in 
the community (Burton 1996, Wagner et al. 2001, Comeau et al. 2003). Competition thresholds that 
define the broadleaf density at which conifer growth dramatically declines have been proposed for mixed 
stands in interior British Columbia (Simard and Hannam 2000, B.C. Ministry of Forests 2000, Simard et 
al. 2001), but none of these thresholds have been rigorously tested for productivity and ecosystem effects 
using manipulative experimental approaches. 

While high densities of birch can negatively affect understory conifer growth, there are studies 
suggesting these effects are small and variable at low to moderate birch densities (Simard et al. 2004, 
submitted). Based on examination of un-manipulated birch densities in 10 year-old Douglas-fir 
plantations, Simard (1990) suggested that retention of 340-2100 stems ha-1 of 3-m tall paper birch should 
reduce maximum short-term conifer growth by only 10%, with higher threshold densities on lower quality 
sites.  In a later study in 10-15 year-old Douglas-fir plantations, Simard et al. (2001) found highly variable 
conifer growth at low densities of 2-3 m tall birch, and consistent diameter suppression only at densities 
above 2500 stems ha-1. By contrast, Simard and Hannam (2000) found that reductions in 3-m tall birch 
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from 2500 to 50 stems ha-1 resulted in significant improvements in diameter growth of 8-year-old interior 
spruce. In older 11-m tall, 33 year-old mixed birch-white spruce stands, Comeau et al. (2003) found that 
spacing to 1200 and 600 birch stems ha-1 resulted in 40% and 60% full sunlight, respectively, which they 
predicted will result in 72% and 83% volume increment compared with open-grown spruce. Currently, 
reforestation standards in British Columbia allow retention of 600 taller stems ha-1 for 5-15 year-old free-
growing Douglas-fir, which is lower than that proposed by Simard (1990). Although the standards agree 
with Comeau et al. (2003), their stands were considerably older and taller than those of free-growing age. 
There remains a need to experimentally test competition thresholds that encompass a wide range of birch 
densities at plantation ages commensurate with the free-growing regulations.  

One way of achieving threshold densities is through individual tree selection, where birch trees are 
selectively removed to release either all conifers or only those that are suppressed, resulting either in 
uniform or clumpy residual birch densities.  A second, cheaper approach is to remove all competing birch 
around crop conifers to an appropriate brush-free radius that maximizes growth while minimizing disease 
incidence.  Each approach has ecological and economic merit, and both require experimental studies to 
determine what the appropriate threshold densities and radii are (hence this project includes the 
Birch/Conifer Thinning Study and Radii Study).   

Armillaria ostoyae is a pathogenic fungus that causes significant mortality (0.1 – 0.2 % year-1) among 
susceptible conifers in young ICH and IDF plantations of interior British Columbia (Morrison and Pellow 
1994). The most common disease management strategy following harvesting involves excavation of 
infected stumps to reduce A. ostoyae rhizomorph production and inoculum loads (i.e., stumping) 
(Morrison et al. 1991). While stump removal reduces inoculum potential and resultant conifer seedling 
mortality, it also creates ideal mineral seedbeds for regenerating broadleaves (Safford et al. 1990; 
Morrison et al. 1991) and can reduce soil productivity on some sensitive sites (Smith and Wass 1991; 
Davis and Wells 1994).  Because stumping is applied extensively in the southern interior of B.C. at high 
economic cost and with poorly understood ecological consequences, there is an urgent need to examine its 
effects on soil and tree productivity on typical ICH and IDF soil types (hence this project includes the 
Site Preparation Study).  In at least one study where stumps were removed for Armillara mitigation 
followed by heavy grass seeding, we have observed a collapse in site and tree productivity, which we 
think is associated with cascading changes in the soil microbial community (hence this project includes 
the Soil Transfer Study).    

An alternative suggested strategy to stumping is managing mixtures of disease-resistant broadleaves 
and less susceptible conifers (Morrison et al. 1991), but this approach has been hindered by free-growing 
regulations that favor conifer production and broadleaf removal. On the other hand, there is evidence 
suggesting that removal of paper birch can increase disease incidence in conifer plantations, either 
because of increased inoculum loads on the site or reduced beneficial effects of birch. In British 
Columbia, (Simard et al. 2001; Simard et al. 2005) found that Armillaria-caused mortality of Douglas-fir 
and lodgepole pine increased 2-3 times after paper birch was manually cut or girdled compared with 
control stands. Even without weeding treatments, conifer disease incidence has been shown to be 
significantly lower in mixed stands with alternating rows of paper birch and conifers than in pure conifer 
stands (Morrison et al. 1988; Gerlach et al. 1997). Broadleaves appear to affect mixed stand susceptibility 
by supporting high populations of Armillaria-antagonistic fluorescent pseudomonads (Delong et al. 
2002), improving stand nutrition (Wang et al. 1996) and therefore resistance to the disease (Wargo and 
Harrington 1991), producing phenolic compounds antagonistic to Armillaria (Entry et al. 1992), and 
interrupting the continuity of susceptible conifer root systems.  

This study takes an integrated experimental approach toward investigating these problems.  In the 
first and second studies, we are investigating tree, soil and microbial responses to stumping and 
subsequent species and soil transfer treatments.  In the third study, we are examining birch-free radii as an 
alternative operational treatment to reduced birch densities to levels where conifer productivity is 
maximized at lower cost. In the fourth study, we are identifying broadleaf density thresholds by 
manipulating natural mixed stands to create a range of uniformly dispersed paper birch densities, and 
examining conifer and disease responses to the treatments. 
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Methods: 

 
This project includes four integrated studies, all of which are designed to provide information about 

management practices and ecosystem function in conifer/broadleaf forests of the southern interior wet-
belt.  The four studies were established at different times between 1991 and 2002. In 2004-05, we 
continued with the existing studies by collection, analysis and presentation of data.  In three of the studies, 
we have prepared manuscripts for journal articles, and we have also completed drafts of two extension 
notes.  In brief, the objectives for each of the component studies in 2004-05 were:  
 
a) Site Preparation Study – This experiment is examining soil properties and tree growth responses 

following mechanical stump-removal treatments to control for Armillaria root disease.  Results will 
help us predict long-term changes in soil nutrients and soil physical properties caused by different 
intensities of stumping, and the growth response of paper birch, lodgepole pine, and spruce. In 2004-
05, our objective was to sample 10-year post-treatment soil chemical and physical properties at the 
third of three replicate sites (Hidden Lake). 

 
b) Soil Transfer Study – This study was initiated in 2002 in response to repeated plantation failure on a 

site that had been illegally seeded to grasses at very high densities. We hypothesized that plantation 
failure was caused by a transformation of the native microbial community (e.g., predominantly 
ectomycorrhizal (ECM)) to one associated with exotic grasses (e.g., predominantly arbuscular 
mycorrhizal (AM)), which did not facilitate, and may had even be inhibitory to conifer re-
establishment.  We examined Douglas-fir and paper birch survival, growth and nutrition responses, as 
well as soil microbial and chemical responses, to treatments where planting holes were either 
untreated, filled with soil transferred from beneath mature Douglas-fir, or filled with soil transferred 
from beneath mature paper birch trees (from the adjacent forest).  Competitive effects of 
neighbouring vegetation (exotic grasses and herbs) will also be examined by comparing seedlings 
with vegetation removal versus no removal.  In 2004-05, our objective was to examine harvested 
seedlings for biomass, foliar nutrients, mycorrhizae, and actinomycetes, and to analyze rhizosphere 
soils for nutrient availability.  We also were granted extension funding to prepare a journal 
manuscript summarizing the results. 

 
c) Crop-tree Response to Manual and Chemical Brushing at Various Radii (Radii Study) – This 

study is investigating the growth and survival response of three species, lodgepole pine, Douglas-fir 
and paper birch, to the brushing of competing paper birch to various crop tree-centered radii using 
chemical and manual methods. In 2004/05, our objective was to prepare a draft journal article and 
draft extension note on the 5-year growth and survival response of lodgepole pine to these treatments.  

 
d) Birch/Conifer Thinning Study – This study tests birch competition thresholds experimentally 

derived by Simard et al. (2001) and the current free-growing guidelines (acceptable broadleaf 
densities) for British Columbia (B.C. Min. For. 2000). For this study paper birch density was 
experimentally manipulated by Karen Baleshta as part of her MSc research in 1999 (supervised by 
Dr. Simard).  In her thesis, Karen reported on three-year post-treatment Douglas-fir and paper birch 
growth, survival and nutrient responses, as well as effects on light and soil water availability 
(Baleshta 2003). These results were recently published in an international refereed journal (Baleshta 
et al. 2005).  In 2004/05, our objectives were to measure five-year tree growth, survival, and 
Armillaria ostoyae incidence at all four replicate sites; analyze the collected data; and report on the 
results in a draft journal article and extension note.  

 
The overall objectives, experimental design, and basic methods used in 2004-05 for each component 
study are briefly described as follows. 

 3



Simard (Y051065) 

 
a. Site Preparation Study  

The specific objectives of this experiment are: (1) to determine the effects of different intensities 
of stumping and soil disturbances on long-term changes in soil physical and nutrient properties, and 
long-term growth of lodgepole pine, hybrid spruce, and paper birch; and (2) to identify causal 
relationships between soil properties altered by disturbance and long-term growth of different species.  

The study is a randomized block design with three replicate sites. The three study sites are located 
at Adams Lake, Malakwa, and Hidden Lake, all within the ICHmw subzone.  Each site contains two 
replicate blocks, with four main plots within each block, and one of four treatments (control, stumps 
inverted in place, stumps carefully removed, stumps and forest floor removed) randomly assigned to 
each plot.  Each treatment plot is further split into 3 - 50m x 25m sub-plots.  One of three tree species 
(Pl, Sx, or Ep) was planted in each subplot (resulting in 24 subplots per site).   

In 2004/05 we collected 10-year soil chemical and bulk density samples at one of the three sites, 
Hidden Lake (the other two sites have already been sampled). In the spring of 2004, samples were 
collected for determination of bulk density and chemical concentration of total C, N, and S, available 
P, and pH. Five composite samples per plot were collected for soil chemistry and 10 individual 
samples per plot for bulk density within each of the 24 sub-plots throughout the site.  Foliar nutrient 
samples were collected from 30 trees per subplot in the fall of 2004. Soil bulk density samples were 
processed at the soils lab in Kamloops, and the chemical samples were prepared in Kamloops and 
sent to the MoF lab in Victoria for analyses.   

This new data was combined with existing 10-year data and analyzed using ANOVA and 
ANCOVA to test for differences in soil physical and chemical properties between silvicultural 
treatments.   

 
b. Soil Transfer Study  

The specific objectives of this experiment are: (1) to determine the effects of soil transfer from 
different forest tree species on growth and survival of planted Douglas-fir and paper birch, and on soil 
chemical and microbial characteristic, and (2) to determine the effect of grass removal on survival 
and growth of Douglas-fir seedlings. 

This study was established at Malakwa on a single study site that has experienced repeated 
plantation failure for the past 12 years.  Three blocks were installed at the site and an equal mix of 
Douglas-fir and paper birch was planted.  Two treatment factors were applied in a 3x2 factorial 
design: (1) soil inoculum (none, soil transferred from beneath a mature birch tree, or soil transferred 
from beneath a mature Douglas-fir tree); and (2) grass competition (all vegetation completely 
removed from a 1 m x 1m plot centered on the planted tree, or no vegetation removed).  Each of these 
treatments was replicated 6 times in each block.  In 2004-05, we measured seedling growth and 
condition, and then destructively sampled them for biomass, foliar nutrients, and mycorrhizal 
quantification.  Rhizosphere soils were also collected for soil chemical analyses and actinomycete 
quantification.  Data was analyzed using a mixed model ANOVA for a factorial experiment in a 
randomized block design with three replicates. 
 

c. Crop-tree Response to Manual and Chemical Brushing at Various Radii  
The specific objectives of this experiment are: (1) to determine the effect of a range of brush-free 

radii on survival, growth, and disease or insect incidence of lodgepole pine, (2) to examine the effects 
of these treatments on the diversity and abundance of the plant community, and (3) to identify 
appropriate birch-free radii where conifer productivity is maximized without adverse effects on forest 
health or diversity. 

The experiment is located on a single study site at Rushton Creek in the Kamloops Forest 
District.  It is one experiment of several established on a range of sites to examine the effects of point 
brushing around crop-trees. Other experiments in this study have been testing responses of Douglas-
fir and paper birch crop-trees to similar treatments (Simard and Zimonick 2005). The Rushton Creek 
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experiment involves lodgepole pine crop-trees to which six different birch-free radii treatments, 
ranging from 0 m to 2.5 m, were applied using a motor-manual method or a chemical method. The 
2x6 factorial set of treatments was applied in a completely randomized design, where each treatment 
combination was randomly assigned to individual trees and replicated 22 times.   

Five-year data was collected at Rushton Creek with previous FII funding.  Crop-tree growth and 
survival, and target birch response, were analysed using two-way ANOVA and planned contrasts.  In 
2004-05, we prepared a draft journal article and draft extension note for publication. 

 
d. Birch/Conifer Thinning Study  

The primary objective of this study is to determine paper birch density reduction effects on the 
growth, nutrition, and Armillaria infection of understory Douglas-fir. A second objective is to 
identify birch density threshold that maximize conifer productivity. 

The study is located in four mesic Douglas-fir plantations in the ICHmw3 and IDFmw2 variants 
in the Adams River drainage.  The clearcut study sites originally had a minimum density of 7,000 
stems ha-1 paper birch, had been mechanically site prepared with slash burning, and planted with 
Douglas-fir.  At the time of treatment, all sites were dominated by mixed stands of Douglas-fir and 
paper birch, with minor densities of trembling aspen and black cottonwood.   

Five density treatments were replicated four times in a randomized block design, where site 
location was used as the blocking factor.  The five treatments represent a gradient in paper birch 
density, decreasing from the control to 4444, 1111, 400 and 0 stems ha-1 paper birch.  Douglas-fir 
density was not manipulated and averaged 1190 stems ha-1.  Treatment plots were 0.25 hectares, and 
included a central 0.09-hectare measurement plot with a 10-meter surrounding buffer.  Paper birch 
trees were selected based on these criteria: (1) dominant or co-dominant crown class, (2) uniform 
spacing relative to other paper birch, (3) single, straight, healthy stem, and (4) seed-origin.  The birch 
density treatments were achieved by manually cutting the paper birch at the root collar. 

In 2004, we collected five-year post-treatment growth response of Douglas-fir and paper birch, 
and recorded the incidence of A. ostoyae.  While conducting the measurements, we maintained the 
experiment by replacing missing tree tags, maintaining corner posts, re-marked stem diameter 
indicator lines where necessary, and took photographs at each treatment corner plot.   

Data analysis was conducted using ANOVA, mean separation tests, and planned contrasts. 
Finally, we prepared a draft manuscript for publication in an international peer-reviewed journal, and 
a draft extension note. 
 
  

Results 
 
All project objectives for this year were achieved.  As planned, the following activities were completed in 
the order: 

 
• Collected soil chemical and bulk density samples at Hidden Lake for the Site Preparation Study.  
• Examined Soil Transfer Study site and planned sampling. 
• Prepared soil chemical and bulk density samples for lab analysis for the Site Preparation Study.  
• Collected foliar samples at Hidden Lake for the Site Preparation Study.  
• Collected seedling growth and condition data, destructive sampled seedlings, and collected 

rhizosphere soil samples at Malakwa, for the Soil Transfer Study.   
• Conducted fieldwork for the Birch/Conifer Thinning Study.  
• Analyzed seedling, soil chemical and rhizosphere samples for Soil Transfer Study. 
• Analyzed data for Soil Transfer Study. 
• Analyzed data for Birch/Conifer Thinning Study  
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• Completed chemical analyses of soil and foliar samples at the MoF lab in Victoria for Site 
Preparation Study.  

• Analyzed data for Site Preparation Study 
• Prepared draft report, which is the basis for a journal article, for Site Preparation Study (note: as 

anticipated, the chemical analyses were completed too late in the winter to complete a draft 
journal article or extension note; this possibility was included in our workplan). 

• Completed draft journal article for Radii Study. 
• Completed draft extension note for Radii Study. 
• Completed draft journal article for Birch/Conifer Thinning Study. 
• Completed draft extension note for Birch/Conifer Thinning Study. 
• Completed draft journal article for Soil Transfer Study. 
• Metadata stored on servers at UBC and Ministry of Forests, and on computers of research team 

individuals. 
 

Included in this list is the draft journal article for the Soil Transfer Study, which was added as a new 
deliverable upon receipt of $7,000 additional funding in March, 2005, which we had applied based on 
early completion of the research one year ahead of schedule. 
 
The titles of the deliverables (draft journal articles, report, extension notes, and LINKS newsletter) 
included in this report are listed below. 

 
a) Site preparation study  

 
Hope, G.D. (2005). Tree productivity and soil chemical and physical responses to stumping 
treatments for Armillaria root disease mitigation.  (Report, which will form the basis for a 
manuscript that will be submitted to the journal, Canadian Journal of Soil Science). 
 

b) Soil Transfer Study  
 
Kazantseva, O., and Simard, S.W. (2005). Soil transfer effects on regeneration and rhizosphere 
biology of Douglas-fir on degraded sites in the southern interior of British Columbia.  (Draft 
manuscript for submission to the journal, Mycorrhiza).   
 

c) Crop-tree Response to Manual and Chemical Brushing at Various Radii (Radii Study)  
 
Simard, S.W., and Zimonick, B.J. (2005). Growth, crown morphology and mortality response of 
Pinus contorta to removal of paper birch neighbours. (Draft manuscript for submission to the 
journal, Forest Ecology and Management).   
 
Zimonick. B.J., and Simard, S.W. (2005). Selective brushing of paper birch affects lodgepole 
pine growth in the Mixed Broadleaf Shrub complex.  (Draft Extension Note for publication either 
in BC Journal of Ecosystems and Management, or in the Ministry of Forests Extension Note 
series). 
 

d) Birch/Conifer Thinning Study  
 

Baleshta, K.E., and Simard, S.W. (2005). Effect of paper birch density on growth and mortality of 
Douglas-fir in the southern interior of British Columbia: 5 year responses. (Draft manuscript for 
submission to the journal, Scandinavian Journal of Forest Research).   
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Baleshta, K.E., and Simard, S.W. (2005). Retaining low birch densities increases Douglas-fir 
growth while minimizing Armillaria root disease.  (Draft Extension Note for publication either in 
BC Journal of Ecosystems and Management, FORREX LINKS, or in the Ministry of Forests 
Extension Note series).   

 
All datasets are housed on servers at both the BC Ministry of Forest and the University of British 

Columbia.  Both organizations have established protocol for data backup.  Also, each team member has 
retained a copy of the data ensuring data is stored in three locations.  

 
Conclusions and Management Implications 

This project has achieved our overall objective to collect and analyze data for three of the four 
component studies, and to prepare journal manuscripts, reports, and/or draft extension notes for all four 
studies.  This work is aimed at achieving the overall objective to test birch competition thresholds (for 
Douglas-fir productivity) (Simard et al. 2001; B.C. Min. For. 2000).  Conclusions and management 
implications from each of the four studies are: 

 
(a) Site Preparation Study:  In Year 1, the scalping treatment significantly lowered forest floor 

total nitrogen (N), sulphur (S), carbon (C), and available N compared to the other three 
treatments. The mineral soil was less affected by treatment, having lower C and available N 
in the scalped treatments, and lower N and S at some sites in the same treatment.  By year 10, 
the majority of these significant differences had disappeared in both forest floor and mineral 
soil, and the soil chemistry of all four treatments was very similar. There was no significant 
effect of planted species on soil chemistry. The bulk density of the fine mineral soil (that less 
than 2mm) was unchanged by treatment at year 1.  No treatment effects were apparent at 
Year 10.  There was, however, a significant decrease in soil density between year 1 and year 
10. Basic soil properties have not been adversely affected over the medium term by the 
relatively severe site preparation treatments. On more relatively low sensitivity soils, such as 
those in the present study, it appears that site preparation to control root disease can be 
carried out in a manner that maintains soil productivity. The scalping treatment significantly 
increased lodgepole pine height and diameter at both years 5 and 10, but pine growth was not 
increased by the other stumping treatments. Spruce height at both ages and diameter at year 
10 was unaffected by any treatment; stumping treatments increased diameter at year 5. 
Observed treatment differences in foliar nutrients did not reduce foliar nutrient levels from 
adequate to deficient levels, or result in more severe deficiencies than were already present in 
each treatment. Although some nutrients were reduced by the treatments, these changes were 
not reflected in tree growth. Other indirect positive treatment effects such as increased soil 
temperature and reduced above- and below-ground competition may outweigh any nutritional 
effects. 

 
(b) Soil Transfer Study: We examined the effects of grass removal and soil transfer from 

different forest tree species on seedling growth and survival, as well as rhizosphere soil 
chemical and microbial characteristics.  Treatments were applied to a site densely seeded 
with introduced grasses and with a history of repeated plantation failures.  We hypothesized 
that unsuccessful seedling establishment was due to transformation of the site from a native 
ectomycorrhizal microbial community to a non-native community.  Grass removal increased 
seedling survival, diameter growth and biomass in all soil transfer treatments.  Soil transfer 
improved survival without affecting other growth parameters.  Mineral soil nutrients were 
generally unaffected by the treatments, except weeding resulted in higher soil B and Douglas-
fir soil transfer resulted in lower Mn.  Foliar B and S concentrations were affected by soil 
transfer, whereas K and Zn were affected by vegetation removal.  Removal of vegetation 
reduced an N-induced deficiency of K and birch-soil transfer improved K levels.  In addition 
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to grass competition, imbalances of foliar N relative to K, Zn and possibly B, may have 
contributed to seedling mortality. More than 92% of live root tips were colonized by 
ectomycorrhizae and 22-26% of root length by arbuscular mycorrhizae.  Neither vegetation 
nor soil transfer treatments had a significant effect on total mycorrhizal colonization.  
However, more ectomycorrhizal species were found in the treatment with removed 
vegetation.  Grass removal increased the occurrence of Wilcoxina-like and decreased 
Thelephora-like ectomycorrhizal morphotypes.  Douglas-fir soil transfer increased 
Rhizopogon-like 2.5 X compared with either no soil transfer (control) or transfer from 
beneath paper birch trees.  Conversely, the proportion of Thelephora-like decreased up to 
four times following Douglas-fir-soil transfer compared with the control or paper birch soil 
transfer treatment. Endophytes and zoospores of Olpidium were frequently observed in the 
same roots with actinomycetes.  Soil under vegetation contained more actinomycetes than 
without vegetation.   Our results suggest that high densities of seeded domestic grasses can 
cause substantial mortality of planted Douglas-fir, and that this is associated with changes in 
the rhizosphere microbial community and soil nutrient status.  Our results suggest that 
successful reforestation of cedar-hemlock sites requires prompt planting following harvest 
and avoidance of grass seeding.  Rehabilitation of degraded sites could include weeding and 
inoculation of planted seedlings with a native microbial community. 

 
(c) Radii Study:  In a 9-year-old lodgepole pine plantation, we examined the effects of 

removing naturally regenerated paper birch in neighborhoods of 0, 0.5, 1, 1.5, 2.0, and 2.5 m 
radius using two methods (motor-manual cutting or triclopyr stem application). Zone of 
neighbor perception for target pine ranged between 0.5-1.5 m, depending on the response 
variable. The birch-free radius where neighbors started to reduce target performance was 1.0-
1.5 m for height:diameter ratio, 1.5-2.0 m stem diameter increment, 1.0-1.5 m for absolute 
crown size, and 0.5-1.0 m for relative crown diameter increment. Target mortality was 
greatest in the control areas, and the manual cut areas had more mortality than in the chemical 
treatment. The 2.5 m radius had more target mortality than the 0.5-2.0 m radii. Western gall 
rust appeared to proliferate in target trees where brushing was applied but not in the control. 
Root collar weevil attacked target trees in the control and some brushed areas in both manual 
and chemical treatments. Browsing by ungulates occurred in treated areas but not in the 
control. The proportion of target trees in good condition was similar between the manual and 
chemical treatments and both were slightly better than in the control areas. All birch treated 
with triclopyr died within the first year after treatment. Some manual cut birch sprouted, but 
mortality increased each year and by year five all sprouts had perished. These results 
highlight the need to recognize variation in zone of perception for different response variables 
when evaluating competitive effects or designing removal treatments and the possibility of 
triggering an insect or disease outbreak, and ungulate browsing. 

 
(d) Birch/Conifer Thinning Study: In 2004, Douglas-fir survival was high (97%) and did not 

differ significantly among the five paper birch density treatments (0, 400, 1111, 4444 stems 
ha-1 and an unthinned control of >7,000 stems ha-1).  While not significant, mortality due to 
Armillaria ostoyae tended to be higher with increasing birch density.  The largest 
improvement to mean diameter increment of Douglas-fir occurred in the treatment where the 
broadleaf component was completely removed and heavily thinned (e.g. 0 Ep and 400 Ep).  
Improvements were also found for Douglas-fir in the lightly thinned (4444 Ep) treatment, 
having similar mean diameter increment to those in the heavily thinned (400 Ep) and 
moderately thinned (1111 Ep) treatments.  Height:diameter ratio improved in all treatments, 
most notably where paper birch was completely removed or partially thinned compared with 
the control.  Our results suggest that Douglas-fir growth can be improved, with minimal risk 
of root disease incidence, by thinning paper birch to 4444 stems ha-1 in young mixed stands. 
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	(c) Radii Study:  In a 9-year-old lodgepole pine plantation, we examined the effects of removing naturally regenerated paper birch in neighborhoods of 0, 0.5, 1, 1.5, 2.0, and 2.5 m radius using two methods (motor-manual cutting or triclopyr stem application). Zone of neighbor perception for target pine ranged between 0.5-1.5 m, depending on the response variable. The birch-free radius where neighbors started to reduce target performance was 1.0-1.5 m for height:diameter ratio, 1.5-2.0 m stem diameter increment, 1.0-1.5 m for absolute crown size, and 0.5-1.0 m for relative crown diameter increment. Target mortality was greatest in the control areas, and the manual cut areas had more mortality than in the chemical treatment. The 2.5 m radius had more target mortality than the 0.5-2.0 m radii. Western gall rust appeared to proliferate in target trees where brushing was applied but not in the control. Root collar weevil attacked target trees in the control and some brushed areas in both manual and chemical treatments. Browsing by ungulates occurred in treated areas but not in the control. The proportion of target trees in good condition was similar between the manual and chemical treatments and both were slightly better than in the control areas. All birch treated with triclopyr died within the first year after treatment. Some manual cut birch sprouted, but mortality increased each year and by year five all sprouts had perished. These results highlight the need to recognize variation in zone of perception for different response variables when evaluating competitive effects or designing removal treatments and the possibility of triggering an insect or disease outbreak, and ungulate browsing.

