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Project Purpose and Management Implications: 
The overall objective of this project is to investigate the role of ectomycorrhizae (ECM) and 
common mycorrhizal networks (CMNs) in facilitating Douglas-fir regeneration in the interior of 
British Columbia.  It is comprised of three studies being conducted by four graduate students of 
Dr. Suzanne Simard, Dr. Melanie Jones, and Dr. Dan Durall. In the first study, PhD student 
François Teste is conducting a series of experiments in the IDF zone (1) to examine the influence 
of advance regeneration size on Douglas-fir seed and seedling regeneration, (2) to examine the 
influence of green tree distance on Douglas-fir seedling performance, and (3) to determine 
whether importance of the CMN to Douglas-fir establishment increases with site disturbance. In 
Francois’ first experiment, Douglas-fir was planted and seeded near established Douglas-fir 
advance regeneration of different sizes, and in his second experiment, at different proximities to 
pole-sized trees. In the third experiment, a range of organic matter removal treatments were 
applied in the border areas of the Long Term Site Productivity study sites near Kamloops (Berch 
2000), and advance regeneration were transplanted to these treatments to serve as EM inoculum 
sources to seedlings being planted in 2005.  In the second study, MSc student, Brendan Twieg 
examined a chronosequence of mixed Douglas-fir – paper birch forests to (1) characterize 
successional patterns of the below-ground ECM community with increasing age and (2) examine 
relationships between soil properties and ECM community measures.  In 2005-06, Brendan 
completed his thesis (deliverable attached).  Within the same chronosequence study, MSc student 
Denise Brooks has been addressing a third objective, (3) to determine whether the Douglas-fir 
ECM fungi on clearcuts are better adapted to those sites than are forest fungi by comparing the 
phosphatase activity among stands of different ages.  In the third study, being conducted by PhD 
student Justine Karst, the primary objective is to determine the role of ectomycorrhizal fungi in 
establishment of Douglas-fir across a range of soil moisture conditions. 

 This project has important implications for managing Douglas-fir forests in the IDF and 
ICH zone of the southern interior of British Columbia.  The series of integrated studies are 
investigating the role of early mycorrhization and CMNs in facilitating Douglas-fir regeneration, 
which is a problem due to drought in the IDF and competition in the ICH.  Our results will help 
managers design better regeneration and harvesting systems for Douglas-fir, and these will be 
particularly useful as climate changes.  
 
Project start date, completion date, and any former project numbers or funding sources. 
This research was designed as a multi-year project, requiring a minimum of three years to 
complete the studies. Work on the project commenced during the 2004/05 fiscal year.  In 2005-
06, work commenced May 1, 2005 and completed March 31, 2006.  The project was not 
previously funded by FSP or FIA or FRBC, but funds are supplemented by NSERC Discovery 
Grants of Simard, Jones and Durall. 
 
Methodology overview: 
 
Study 1: The role of common mycelial networks in facilitating artificial and natural regeneration 
of Douglas-fir (François Teste’s PhD research).   



To meet objectives 1 and 2 in Study 1, Douglas-fir were planted and seeded in the neighbourhood 
of other trees that varied in size and proximity. The study is being conducted in three 100 year-
old Douglas-fir forests north of Kamloops, BC.  Non-mycorrhizal (NM) Douglas-fir seedlings 
grown at UBC were-planted in the spring of 2004.  Seedlings and seeds were planted without and 
with mesh barriers that restricted different sizes of ECM hyphae in order to separate CMN from 
non-CMN effects, and subjected to the following treatments: (1) size effects - located in the 
neighbourhood of different sized advance Douglas-fir regeneration; and (2) proximity effects - 
located at different distances from mature Douglas-fir trees. After planting in 2004, seedlings 
were monitored for survival and initial size.  In 2005 and 2006, seedlings are being measured for 
water stress, photosynthesis, transpiration, and relative growth rate. In 2006 we will apply 
isotopic labeling to quantify C transfer between Douglas-fir and neighbours using methods of 
Simard et al. 1997a. We will harvest the remaining replicates for biomass, nutrient content, wood 
NA 13C, root morphology, and ECM using morphological and molecular techniques that include 
DNA extraction, amplification with established primers, and DNA sequencing. ECM molecular 
work will be done at OUC.  For objective 3 in Study 1, we are using the LTSP sites near 
Kamloops where we have established a range of soil disturbance levels through forest floor and 
mineral soil removal. These treatments were applied in 2004 using an excavator and shovels.  In 
2004, advance regeneration were planted into these treatments, and in 2005 seedlings were 
planted nearby with or without hyphal barriers. Near the end 2006 growing seasons, we will 
assess seedling water stress, foliar nutrients, growth, and bi-directional C transfer as above. Some 
will be harvested for biomass, nutrient content, wood NA 13C, root morphology, and ECM using 
morphological and molecular techniques.  

Study 2: The influence of birch on the ectomycorrhizal fungal community in Douglas-fir stands 
of different ages (Brendan Twieg and Denise Brooks’ MSc research). 
 
To meet objectives 1 and 2 of Study 2, we selected 20 sites in 2002/03 representing a 
chronosequence of mixed Douglas-fir/paper birch forests in the Interior Cedar Hemlock zone.  
The chronosequence consisted of four age classes (6, 26, 65, and 100 years-old) of wild-fire 
origin stands, and two age classes (6 and 26 year-old) of clearcut origin. Five replicate sites per 
age class and stand origin were located in the North Okanagan Forest District.  The forest tree and 
plant communities were assessed using the methods of Biring et al. (1997) and soils analyzed for 
nutrient and water status.  Soil cores (5 cm diameter by 15 cm) or seedlings were collected from 
each site and the ECM fungi associated with Douglas-fir and paper birch roots identified using 
morphological and molecular methods (Goodman et al. 2003; Kennedy et al. 2003).  

 
For addressing objective 6 of Study 3, Plexiglas root windows at 16 of the chronosequence sites 
were established.  Each window has a 30 X 30 cm trap door, allowing access to the mycorrhizae 
and their hyphae for in situ assays of enzyme activity and nutrient uptake. Fungal phosphatases, 
which are enzymes that break down various forms of soil organic matter to release P, are being 
assayed using a soil-imprinting method (Grierson and Comerford 2000), where nitrocellulose 
membranes are applied directly to ectomycorrhizas and their hyphae exposed on the soil face. 
After 15 minutes contact with the soil, the membranes are transported on ice to the lab, where 
they are placed in a ‘developing bath’ containing a chromogenic substrate for the enzyme. 
Enzymes bound to the membranes retain their activities, so coloured patches develop on the 
membranes where there are located.  In order to generate a standard curve for quantifying enzyme 
activity, a second membrane, with known amounts of the enzyme, are developed at the same time 
as the root imprint. After colour development, the membranes are scanned into a computer.  The 
location of activities are matched digitally to the locations of mycorrhizas on digital photos taken 
of the soil face.  We will compare activity of the enzymes an index of the ability of ECM fungi in 
the stands to access organic P.  These assays will tell us whether the range of nutrient-mobilizing 



and absorbing activities has been narrowed in the clearcut ECM community compared to the 
forest community or whether it has remained the same. If it has narrowed, it suggests that 
silvicultural approaches to increasing ECM diversity, through the use of CMNs, will be of benefit 
to Douglas-fir seedlings. 
 

Study 3: The role of ectomycorrhizal fungi in establishment of Douglas-fir across a wide range of 
sites that vary in soil moisture regime. (Justine Karst’s PhD). 
 
This study examined soil water content effects on the ectomycorrhizal community of Douglas-fir. 
We tested the influence of elevation and watering regime on the abundance and species 
composition of EM fungal inoculum. Ectomycorrhizal inoculum was sampled at low (350-750m 
asl) and high (1300-1400m asl) elevations, two ends of a gradient along which soil moisture was 
hypothesized to play a particularly important role in structuring both plant and mycorrhizal fungal 
communities. We planted non-mycorrhizal Douglas-fir (Pseudotsuga menziesii var. glauca) 
seedlings into these soils and watered them at various rates to obtain gravimetric soil moisture 
conditions ranging from <10 to 30%.  Five response variables were measured or calculated for 
each seedling alive at the end of the experiment: EM morphotype richness (# of morphotypes), 
percentage of root tips that were mycorrhizal, root and shoot dry weight, and root:shoot ratio. 

 
Project Scope and Regional Applicability: 
This project is being conducted in the Interior Douglas-fir and Interior Cedar Hemlock zones in 
the Southern Interior Forest Region.  The information is applicable for design of alternative 
silviculture systems in the IDF and ICH. 
 
Interim Conclusions: 

 
Study 1: The role of common mycelial networks in facilitating artificial and natural regeneration 
of Douglas-fir (François Teste’s PhD research). 
 
Interior Douglas-fir (Pseudotsuga menziesii var. glauca (Beissn.) Franco) is an obligate 
ectomycorrhizal (EM) tree species with broad host receptivity.  Under natural conditions, we 
expect that Douglas-fir seedlings are colonized with native EM by linking into a common 
mycorrhizal network (CMN) with neighboring trees.  Poor regeneration of outplanted Douglas-fir 
seedlings on clearcut sites in the Interior Douglas-fir (IDF) may be partly due to poor, early EM 
and CMN formation.  Variable retention forestry (green-tree retention) may effectively retain EM 
fungal diversity and CMN functionality.  In 2004, three field studies (Advanced Regeneration, 
Distance, and Soil Disturbance experiments) were established to address the role of CMN in 
Douglas-fir establishment, EM status, and carbon transfer.  The Advanced Regeneration and Soil 
Disturbance experiments are in progress, therefore at this time we are only presenting some 
preliminary results for the Distrance experiment.  For the Distance experiment, six variable 
retention sites were selected where Douglas-fir seedlings were planted at 0.5, 1, 2.5, and 5m away 
from residual Douglas-fir trees.  Douglas-fir seedling were planted either with links into the CMN 
of residual trees, or in isolation from the trees.  This was accomplished by surrounding Douglas-
fir seedlings with four different mesh bag treatments (0.5 µm, 35 µm, 250 µm, no mesh bag).  
Preliminary results show that CMNs mildly increased survival of outplanted seedlings.  Seedling 
growth, foliar N, and photosynthesis significantly increased at 2.5 m away from residual trees.  
These results indicate that CMN effects may be ecologically significant for establishing seedlings 
especially during harsh dry growing seasons.  In addition, competition likely overwhelms any 
facilitation effects at very close planting distances to residual trees. 
 



 
Study 2: The influence of birch on the ectomycorrhizal fungal community in Douglas-fir stands 
of different ages (Brendan Twieg and Denise Brooks’ MSc research). 

Objectives 1 and 2: Ectomycorrhizal (ECM) communities of Douglas-fir and paper birch were 
characterized in 5, 26, 65, and 100-year-old stands using ECM root tip morphology and ITS 
region DNA sequences. Stands disturbed by wildfire (all age classes) and clearcutting (two 
youngest age classes) were studied in the Interior Cedar-Hemlock forests of British Columbia. 
ECM community species richness on Douglas-fir was over three times higher in 65- and 100-
year-old stands than in 5-year-old stands; 26-year-old stands were intermediate. In the youngest 
stands, the ECM community of paper birch had ~70% higher species richness than Douglas-fir. 
Roots of sprouting paper birch stumps may support myccorrhizae or inoculum that persist 
through disturbance. Overall ECM diversity increased substantially from 5 to 26-year-old stands, 
but did not change much with further increases in stand age. ECM community composition and 
structure continued to change from 26 to 65-year-old stands, including increases in Russula and 
Piloderma relative abundances. Similar ECM communities occurred on 65 and 100-year-old 
stands.  Available P was correlated with abundance of two dominant taxa, but available N and P, 
mineralizable N, and organic P were not related to ECM diversity or community structure. Host-
specific ECM fungi were more dominant in the youngest stands, and host-generalists were more 
common on paper birch than Douglas-fir at younger ages. There were minor differences between 
clearcuts and wildfire origin sites. 

Objective 3:  In-situ phosphatase activity increased with stand age, reaching a maximum at stem 
exclusion (60-70 years).  However, the distribution of phosphatase intensity in older sites was 
similar that of the stem exclusion sites.  Areas of in-situ phosphatase activity also became larger 
and more intense as stands reach stem exclusion.  There was a substantial increase in areas of less 
intense activity at stem exclusion, while older sites show a more even distribution in the intensity 
of phosphatase activity. The pattern of intense phosphatase activity at stem exclusion coincide 
with intense self-thinning, particularly of paper birch. 

 
Study 3: The role of ectomycorrhizal fungi in establishment of Douglas-fir across a wide range of 
sites that vary in soil moisture regime. (Justine Karst’s PhD). 
 
Species turnover within ectomycorrhizal (EM) fungal communities may facilitate host species 
establishment along environmental gradients. In particular, variation in soil moisture along 
elevational gradients may drive changes in the composition of EM communities. We tested the 
influence of elevation and watering regime on the abundance and species composition of EM 
fungal inoculum. Ectomycorrhizal inoculum was sampled at low (350-750m asl) and high (1300-
1400m asl) elevations, two ends of a gradient along which soil moisture was hypothesized to play 
a particularly important role in structuring both plant and mycorrhizal fungal communities. We 
planted non-mycorrhizal Douglas-fir (Pseudotsuga menziesii var. glauca) seedlings into these 
soils and watered them at various rates to obtain gravimetric soil moisture conditions ranging 
from <10 to 30%. Seedlings grown in soil collected from low elevations had lower richness of 
EM morphotypes and had colonization levels that were less than half of those grown in soil 
collected from high elevations. These responses coincided with changes in soil characteristics. 
We also observed an inverse relationship between EM colonization and soil moisture. Contrary to 
our prediction, elevation and watering regime had no effect on EM community composition when 



measured by abundance. Our findings suggest that pioneer EM fungi, such as would be expected 
on seedlings establishing after disturbance, occupy a broad range of soil moisture conditions. 
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