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Quarter 4         
Activity Description Start  Completion Activity 

Cost 
Status 

Project Management Qtr 4 Ongoing External Ongoing 

Data Compilation and Analysis Qtr 4 Qtr 4 External 

Data from the second year of the field 
experiments and the first year of the growth 
chamber trial are being generated and 
compiled. Lab analyses are ongoing and 
most datasets are not yet complete. Data 
from first year’s height growth in the field 
experiments have been analyzed.  

Report Writing Qtr 4 Qtr 4 External 

Analysis of first year’s height growth in the 
field experiments was presented at the 6th 
North American Forest Ecology Workshop. 

Publication Costs Qtr 4 Qtr 4 External 
Registration for the 6th North American 
Forest Ecology Workshop. 

establish second growth chamber 
trial Qtr 4 Qtr 4 $7,000.00

The first growth chamber trial was completed, 
but the second trial was postponed until 
August of 2008. this was due to sharing of 
growth chambers and a need to 
accommodate other researchers’ timelines 
and due to funding shortages. 

  Total  $ 
7,000.00  

 

 
During the 2007/08 fiscal year, monitoring of the field experiments continued, 

first year’s data were presented at the 6th North American Forest Ecology Workshop,  the 
first cohort from the field was harvested , the first growth chamber trial was completed, 
and lab processing commenced. It was decided during the previous year to extend the 
field experiments an additional growing season, thus data requiring destructive analysis 
are not at the stage originally planned. The second growth chamber trial also had to be 
postponed one year due to scheduling conflicts with other researchers, and because we 
ran out of funds by 2008 (see below). While first year’s height data from the field were 
presented at a conference, second year’s seedling data are still being processed in the lab, 
thus have not been reported.   

Initially, $4000 for the year was budgeted for labor, $9000 for travel, and $37,000 
for supplies. The actual expenditures for the year were $23,166 for labor, $9900 for 
travel, and $39,280 for supplies. Expenditures for travel went $900 over budget as the 



result of an unexpected automatic transmission replacement on the field vehicle, costing 
$5500. expenditures for supplies went $2280 over budget resulting from a cumulative 
underestimate of the cost of a number of different supplies for the growth chamber trials, 
including materials for container construction and mesh bags for the CMN treatments, 
both of which have been purchased for both trials, thus will not incur costs during the 
2008/09 fiscal year. Expenditures for labor were $19,166 over budget…The total over-
expenditure was $18,346 when delivery allowance is included. This was covered through 
$10,800 in additional FSP funding for project Y08-2262 and other funding sources.  
 
Project Objectives and FIA-FSP Theme, Topic and Priority 
 

There were four main Objectives in the original full proposal:   
(1) To determine the effects of regional climate (precipitation and temperature) on CMN 
facilitation of Douglas-fir seedling establishment in BC;   
(2) To determine the interaction among soil water and pCO2 in their effects on CMN-
facilitated seedling establishment and C-transfer between different sized Douglas-fir 
seedlings;   
(3) To determine the importance of Douglas-fir residual trees on regeneration, and how 
this changes with climate; and  
(4) To parse the competitive from facilitative effects of residual Douglas-fir trees on 
small seedlings.  
 

There were two main Priorities identified for 2007/08:  
(1) Monitor seedling survival, growth, and physiological parameters in the field over the 
second growing season  
(2) Conduct first growth-chamber trial 
 

The project continues to serve Objectives (1), (3), and (4) through the two field 
experiments being conducted in the Kamloops Forest District. Monitoring of seedling 
survival, growth, physiological parameters, soil parameters, and atmospheric parameters 
will continue through summer of 2008, Priority (1) having been met. This is the final 
season for the field experiments, thus seedlings will be harvested in the fall of 2008 for 
assessments of biomass, ectomycorrhizal colonization, foliar N, and stemwood natural 
abundance δ13C. Lab analyses are currently underway on the seedlings that were 
harvested in fall of 2007. 

Priority (2) been completed, including isotopic labeling, furthering Objective 
(2). The second trial will begin in fall of 2008. Lab analyses are underway on biomass, 
ectomycorrhizal colonization, δ13C, and xylem water δ2H of harvested seedlings from the 
first growth chamber trial. 
 
 
Deliverables and Outputs

Progress 
report on 
analysis of 
second year’s 

Stated 
completion 
was March, 
2008 

Deliverable 
has not been 
produced and 
submitted 

Deliverable has not been 
produced because labwork is 
ongoing. The data must be 
generated before they can be 



data (serves 
as draft for 
2008 journal 
article). 

 

analyzed. 
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Executive Summary 
 
Project Title:  
 
Effects of partial retention and common mycorrhizal networks on seedling recruitment in 
Douglas-fir forests across British Columbia 
 
Project Number:  
 
Y08-2262 
 
Project purpose and management implications: 
 
1. To determine the effects of residual trees and common mycorrhizal networks on 

Douglas-fir seedling recruitment and growth. 

2. To examine competitive and facilitative mechanisms by which residual trees affect 
seedling recruitment. 

3. To determine how these relationships and mechanisms vary across climatic regions 
(BGC subzones). 

4. To use the results to design partial retention silvicultural systems for Douglas-fir 
recruitment in different climatic regions and under changing climatic conditions.  

5. To develop equations describing these relationships that can be incorporated into 
models of water interactions and climate change. 

 
Estimated duration of project: 
 
May 1, 2005 through May 1, 2010 



 
Former project numbers: 
 
Y07-1262 
 
Funding sources: 
 
This project has received a number of in-kind contributions from the University of British 
Columbia and the Ministry of Forests. Suzanne Simard has committed a significant 
amount her time to manage the project and provide support for a PhD student. Dr. 
Suzanne Simard (UBC) has committed $7,100.00 worth of her time (15 days) to the 
project. UBC has also supplied office space with computer access, laboratory space and 
resources, and necessary field measurement equipment required to carry out the project. 
An industry partner has also made an in-kind contribution to this project. Our industry 
partner from Adams Lake Lumber contributed a combined total of $750.00 in salaried 
time to help find suitable sampling sites. Marcus Bingham’s salary is being 100% paid 
for by NSERC, while the salary of the field assistant is being paid for 100% by FSP. The 
field assistant is being required to submit a time sheet to be paid. 
 
Financial Plan: 
This grant covers the research costs for a PhD project at UBC. In the proposal for 
2006/07 (and subsequent years), we sought funding for data collection, materials, and 
laboratory analysis. We are acquiring Marcus’ stipend funding through an NSERC 
Discovery Grant to alleviate pressure on limited Forest Science Program funds. 
 
Capital Assets: 
This project does not require the purchase of any large capital assets. The majority of the 
necessary field equipment is being supplied by the University of British Columbia and 
the Ministry of Forests.   
 
Methodology overview: 
 

In the summer of 2006, we established three study sites in each of three BGC 
subzones. At each site in each BGC zone, we established seedlings of two cohorts 
(nursery grown seedlings vs. field-planted seeds) and three provenances in three common 
mycorrhizal network (CMN) treatments. The Fdi seeds and seedlings were planted in 
cutblocks near mature Fdi trees. CMNs were controlled using mesh barriers with 
different pore sizes. Over the following two years, we have been measuring seedling 
mortality and growth at all sites. Seedling physiological parameters, ectomycorrhizal 
status (fungal species colonizing roots as determined using morphotyping and molecular 
analysis), germination rate, soil parameters, atmospheric parameters, and root 
morphology are also being quantified.  

In growth chambers, different sized Fdi seedlings are being grown together in 
terracosms using hyphal mesh barriers, as in the field study. Ambient CO2, temperature, 
soil water, and CMN-status are being manipulated. Measurement variables are the same 
as those in the field studies, and in addition, one-way C-exchange using a modification of 



the isotope labeling method developed by Dr. Simard (Simard et al. 1997) and one-way 
exchange of D2O between seedlings will be quantified.   

Data will be analyzed using univariate and multivariate analysis of variance and 
covariance, and regression. Empirical modeling to describe the relationships tested will 
be developed using data from both experiments. 
 
Project scope and regional applicability: 
 

Seedling establishment in stressed ecosystems is strongly influenced by 
mycorrhizal fungi (Simard and Durall 2004), as they aid plants in the uptake of water and 
provide other benefits that are critical in water-stressed environments. With the predicted 
increase in average annual temperature (T) for British Columbia (BC), water stress has 
become a long-term concern for this region (Hamann and Wang 2005). Ensuring forests 
regenerate and remain healthy under increasing climatic stress, particularly those in the 
most vulnerable ecosystems (e.g., Douglas-fir forest near its climatic limits; Hamann and 
Wang 2006), requires that we design silvicultural systems using a sound understanding of 
the climatic, site and biotic factors regulating recruitment. The role of common 
mycorrhizal networks (CMNs) in establishment of Pseudotsuga menziesii var. glauca 
(interior Douglas-fir; Fdi) in stressed ecosystems is, therefore, a question of increased 
importance. We are building upon the work of Dr. Suzanne Simard, who showed that 
bidirectional carbon (C) exchange occurs between Fdi and Betula papyrifera seedlings, 
presumably through hyphal linkages formed by a CMN (Simard et al. 1997). It advances 
recent findings by Teste (2008) that Fdi seedling recruitment increases near parent trees 
where they have access to the CMN. This study is specifically assessing how the effects 
of mycorrhizal parent Fdi trees on seedling establishment vary across a range of climatic 
conditions; the results will be used to help infer changes in regeneration patterns and 
forest distribution with climate change. It includes quantifying C and water transfer 
between different sized seedlings and through different transfer pathways, including the 
CMN.  

Common mycorrhizal network facilitation of seedling establishment is being 
assessed at a range of field locations selected in collaboration with the BC Ministry of 
Forests & Range and Interfor in southern interior BC, representing different 
biogeoclimatic (BGC) zones. We are examining how seedling recruitment and 
physiology is affected by inter-tree competition, CMNs, and climate change, where 
spatial climatic variability (represented by BGC zone) is used as a proxy for climate 
change. Ambient carbon dioxide (CO2) levels are predicted to nearly double by the year 
2100, so inferences made about changes in plant community dynamics in response to 
climate change will not be accurate without accounting for changes in pCO2. Increased 
pCO2 results in plant physiological changes, including increased water use efficiency 
(WUE) (Mooney et al. 1999). Therefore, to precisely assess CO2 levels as a causative 
factor in their interaction with climatic variables and CMNs, we are also conducting a 
growth chamber experiment.   
 
Interim inference: 
 



Theory predicts plant-to-plant facilitation to be most important under high abiotic 
environmental stress. To date, research has focused on buffering of abiotic stress factors 
by established plants, such as through shading or temperature amelioration, as the 
underlying mechanisms for this facilitation. In this study, we hypothesize that links into 
common mycorrhizal networks (CMNs) from established trees facilitate establishment of 
ectomycorrhizal conifer seedlings of the same subspecies under water-limited conditions; 
this could either occur through nutrient transfer or simply access to the preestablished 
mycelium. First year data from the field suggest that plant-to-plant facilitation is 
occurring through CMNs, and that this facilitation is most prevalent in the driest 
environments. The effects of these various factors on growth and survival of Douglas-fir 
seedlings will be modeled for predicting climate change effects on regeneration of 
Douglas-fir in the drier portions of its range in western North America. 
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