
 

Executive Summary 

 

1) FIA-FSP project number: Y093262 

  

2) Title:  Effects of partial retention and common mycorrhizal networks on seedling 

recruitment in Douglas-fir forests across British Columbia  

 

3) Project purpose and management implications: 

With climate change on our doorstep in southern interior BC, concerns are 

increasing about forest recruitment following harvesting or natural disturbance.  The 

purpose of this project was to conduct field and growth chamber studies examining 

interior Douglas-fir seedling establishment as a function of regional climate (BEC zone), 

proximity to residual trees, links into mycorrhizal networks with residual trees, seedling 

origin, and atmospheric CO2 concentrations. 

We found that residual trees remaining in openings harvested with variable 

retention have potentially facilitative effects on seedling growth and survival via 

mycorrhizal networks.  Natural regeneration and planted seedlings both perform best with 

access to the network when they are regenerating outside the canopy dripline of the 

residual trees.  The canopy and root competitive effects of the canopy trees are 

pronounced.  These effects appear more pronounced in dry than wetter forests, and 

therefore should be taken into consideration in forest estate planning. A major conclusion 

from this study is that residual trees don’t necessarily have to be alive, but they must be 

standing, for networks to have facilitative effects on seedling recruitment. 

Our research will provide insight into the ecology of mycorrhizal networks and 

the role they play in the establishment, growth, and productivity of interior Douglas-fir 

forests of southern interior BC. Results of our research will be used by industry and 

government to better manage these forests (harvesting and reforestation practices) in our 

changing climate by considering mycorrhizal ecology in management prescriptions. This 

will help protect the cultural, ecological and economic value of these very important 

ecosystems to the public, First Nations, and the forest industry.  

Two journal article drafts submitted to the Ministry of Forests Library website 

serve in place of our final report (as approved by Goran Vajistanac), and include all or 

part of: Abstracts, Introduction, Methods, Results, Discussion, Conclusions and 

Management Implications, and Literature Cited Sections. 

 

The two articles are: 

 

Simard, S.W. Mycorrhizal networks and complex systems: contributions of soil 

ecology science to managing climate change effects in forested ecosystems.  

Canadian Journal of Soil Science, accepted. 

 

Bingham, M., Simard, S.W. Mycorrhizal networks:  A mediator for plant 

facilitative-competitive interactions across stress gradients.  Draft manuscript for 

submission to Journal of ecology. 

 



4) Project start date, length of project, and any former project numbers or funding sources 

that apply 

 

This was a three year project that started on April 1, 2006 and ended March 31, 2009.  

The FSP funding was leveraged with two additional funding sources:  (1) NSERC 

Discovery Grant to SW Simard, and (2) NSERC Research Tools and Instruments Grant 

to SW Simard. 

 
5) Methodology overview 

 

For greater detail on methodology, please see the manuscript by Bingham and Simard 

(2009) (deliverable).  Methods are briefly described as follows: 

 

Objectives:  

(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 pCO2, and temperature 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.  

 

Experimental Design: 

The overall goal of this field study is to determine the effect of climate change on 

Douglas-fir seedling establishment via C-transfer from mature residual Douglas-fir trees 

through CMNs using spatial climatic variability as a proxy for temporal climatic change.  

To do this, we conducted a field study covering three interior (Pseudotsuga menziesii var. 

glauca) BGC subzones (IDFxh2, IDFdk, and ICHwm3) that include forests with a major 

component of Douglas-fir.  Douglas-fir was chosen for 5 reasons:  (1) It has a broad 

geographic range and environmental tolerance throughout the Western Cordillera; (2) Its 

range is likely to expand upward in elevation and latitude with warming, but contract at 

its driest boundaries (e.g., forest-grassland interface); (3) Regeneration success has been 

shown to depend on mycorrhization; (4) It is one of the most well-studied tree species in 

the world; and (5) It is one of the most important tree species commercially and 

ecologically in southern BC.  The project also separated the adaptive, phenotypic effects 

that vary with genotypic provenance from the more universal effects of climate on 

functional interactions of plants and fungi with respect to competition and facilitation 

between individual plants. It is possible, for example, that differences between BGC units 

are due to provenance rather than climate. Thus, three replicate sites were distributed 

across a broad area in each BGC unit to capture within-BGC unit variability, and 

provenances from each BGC unit were planted at each site.  

Three additional factors tested in each BGC unit were presence of a CMN (three 

levels using different sized mesh barriers that exclude roots and hyphae), seedling origin 

(seed or seedling), and provenance.  Treatments were applied in recently partially cut 

stands.  Douglas-fir seeds and seedlings were planted adjacent to mature, residual 



Douglas-fir trees. The experiment was organized as a randomized complete block with a 

split plot design.  Treatements were replicated 10 times within sites, utilizing 30 residual 

trees per site.  The presence of a CMN linking seedlings was controlled using different-

sized mesh barriers restricting ectomycorrhizal roots and hyphae.  Measurements were 

regularly taken to determine establishment success and productivity.  Physiological 

parameters, germination rate, soil parameters, and root morphology were monitored at all 

sites.   

To determine whether there was a difference in the effect of CMNs on newly 

germinated seedlings versus one-year-old seedlings, both seeds and one-year-old 

seedlings were planted as a factor, using nylon meshes (Johnson et al. 2001) to control 

for the presence of a CMN.  Seeds and seedlings were planted at a distance of 2.5 m from 

a central residual tree, and 1.3 m from one another, giving a total of 12 experimental units 

per residual tree.  Those that were randomly predetermined to grow within nylon mesh 

(pore sizes of either 0.5 µm (restricting hyphae, roots and invertebrates) or 35 µm 

(restricting roots and invertebrates)) were planted in the center of a cylinder of soil 

enveloped by the mesh, while those that are not planted in mesh were planted in a 

cylinder of soil that had been disturbed in the same manner for installing the mesh 

treatments.  This method allowed us to:  (a) separate soil water from mycorrhizal hyphal, 

root and invertebrate conduits of nutrient flow; (b) have a CMN and non-CMN treatment 

without the confounding factor of digging large trenches around CMN treatments; and (c) 

ensure that differences between treatments are unaffected by experimental disturbance of 

the soil. 

 

Measurements: 

Seeds and seedlings:  Following germination, each seedling was monitored regularly until 

the first week of October 2006, at all sites.  These measurements were resumed in spring 

2007.  Growth was measured by quantifying root and shoot biomass at the end of the 

study.  At the southern interior sites, 3 seedlings per treatment were randomly selected for 

monitoring of net photosynthetic rate, stomatal conductance, and transpiration rate using 

a LICOR-6200 (infra-red gas analyzer and a portable gas exchange system) (Long et al. 

1996).  These measurements were taken on sunny mornings, followed by harvest of the 

Douglas-fir needles for leaf-area measures following the method of (Johnson 1984).  Gas 

exchange was measured during the second growing season.  

Atmospheric conditions:  Light transmittance was measured at all sites using a LiCor 

Line ceptometer.  Climate data was obtained from the closest Environment Canada 

climate stations and parsed with Climate BC projections.   

Soils: Soil moisture content was measured continuously through the study period using 

TDR probes connected to data loggers.   

 

5) Project scope and regional applicability 

 

This project was conducted in the southern Interior Forest Region and applies 

most directly to that region.  However, the scientific findings will inform the broader 

subject of managing for forest resilience to climate change.  The results are being 

published in international refereed journals and hence the information will be available 

and used world-wide. 



 

6) Any interim conclusions, inference or information that might be immediately useful to 

forest practitioners and other researchers. 

 

We found that residual trees remaining in openings harvested with variable 

retention have potentially facilitative effects on seedling growth and survival via 

mycorrhizal networks.  Natural regeneration and planted seedlings both perform best with 

access to the network when they are regenerating outside the canopy dripline of the 

residual trees.  The canopy and root competitive effects of the canopy trees are 

pronounced.  These effects appear more pronounced in dry than wetter forests, and 

therefore should be taken into consideration in forest estate planning. A major conclusion 

from this study is that residual trees don’t necessarily have to be alive, but they must be 

standing, for mycorrhizal networks to have facilitative effects on seedling recruitment. 

 

7) Contact information:  

 

Dr Suzanne Simard 

 

The University of British Columbia 

Department of Forest Sciences Faculty of Forestry  

Forest Sciences Centre, #3601- 2424 Main Mall  

Vancouver, British Columbia Canada V6T 1Z4 

Phone: (604) 822-1955 

Fax: (604) 822-9102 

Email: suzanne.simard@ubc.ca 


