
 
Executive Summary: 

• FIA-FSP project number and title:  Y071314, Determining stand level structures in dry Douglas-
fir forests that maintain appropriate levels of ectomycorrhizal genetic diversity to facilitate 
Douglas-fir regeneration.  

• Project purpose and management implications:  We are characterizing the spatial extent, structure 
and genetics of common mycorrhizal networks linking overstory Douglas-fir trees with understory 
cohorts with mature forests in the Interior Douglas-fir zone.  These results will be helpful in the 
design of green tree retention patches in Variable Retention silvicultural systems. The specific 
objectives for this project are: (1) determine the spatial and genetic structure of CMNs formed 
between Pseudotsuga menziesii trees and Rhizopogon spp. Ectomycorrhizas; (2) describe the 
architecture and connective potential of these networks; (3) contrast networks between dry and 
moist moisture regimes in the IDFdk subzone of southern interior British Columbia; (4) determine 
the spatial distribution of CMNs and how this affects natural regeneration patterns in the field; and 
(5) conduct a field experiment to determine if CMNs contribute to kinship selection in P. 
menziesii seedlings. 
Project start date and length:  Started July 1, 2006, and will be completed April 30, 2009 (3 year 
length).  

• Former project numbers or funding sources:  None. 
• Methodology overview:  

Objective 1: Thirty neighboring trees of varying age and distribution in one site within the IDFdk 
subzone will be used to address the first objective. Approximately 120 (4 samples/tree x 30 trees) 
5 x 15cm soil cores from the outer perimeters of tree fine-root production will be sampled. All 
samples will be placed immediately on ice for transport and then stored at 4°C for no more than 
two weeks before further processing. Roots and ECM from cores will be washed in deionized 
H2O, sorted, and Rhizopogon-like tuberculate morphological types will be frozen for molecular 
analysis. Needles from each tree will also be collected and stored as reference material for root 
genotype delineations. All trees and sample points within the site will be mapped and measured 
using GPS reference, stem-mapping field survey equipment, and tape measures. Site 
characteristics such as soil moisture and nutrients, vegetation and ground cover, elevation, slope, 
and aspect will be recorded.  
Objective 2: The architectural characteristics of 5-10 focal CMNs (focal sites) will be investigated 
in the area adjacent to the site used in objective 1. Rhizopogon genets will be located by removing 
small amounts of litter from the soil surface and searching visually for tuberculate mycorrhizas 
and/or sporocarps. Each location will then become the center point for the systematic excavation 
of 10 x 10 x 10cm soil blocks, proceeding in 50cm intervals from the point of location. The upper 
(½) and lower (½) soil horizons from each sample block will be characterized in the grid boxes of 
standard graphing paper. Gridlines will extend from the point of location to track evident fungal 
mycelia, rhizomorphs, and P. menziesii roots colonized by Rhizopogon. Thus, the area of 
sampling will depend on the size of observable fungal features. Root mats will be visually scored 
as colonized or uncolonized by Rhizopogon, and any evident extraradical hyphae will be scored as 
dominated by mycelial mat, diffuse hyphae, rhizomorphic, tuberculate, or sporocarpic types. 
Samples will be collected from each block (~2 samples from 36 sampling blocks = approx. 75 
samples per plot), and needles from neighboring trees will be collected as genetic reference for 
root sample origin. Sporocarp samples will be collected and dried, and wet-mounts of hyphae and 
rhizomorphs will be prepared on glass slides in the field. Samples of mycorrhizas and rhizomorphs 
will be placed immediately on ice in 2ml polypropylene tubes and later washed in deionized H2O 
and frozen for molecular analysis.  
Objective 3: Sample collection for cross-site comparisons will proceed as described for objective 1 
from five additional sites in the IDFdk. In short, three site replicates of subxeric (upper slope 
position) or permesic (lower slope) soil moisture regimes will be sampled. Vegetation cover type 
and abundance will be used to characterize soil moisture regimes and site-series according to 
Lloyd (1990), and confirmed using a soil moisture probe. Cores will be obtained from 4 sides of 
approximately 30 trees per site, or 600 soil samples in addition to the 120 collected to meet 
objective 1. All samples of Rhizopogon spp. ECM obtained from cores will be cleaned, dried, and 
frozen for molecular analysis.  



Molecular and Genetic Analysis: Both tree and fungal DNA will be extracted and PCR performed 
on fungal samples to confirm species identity using the internal transcribed spacer (ITS) region 
between the 18S and 28S rDNA. Following ITS-RFLP species confirmation, microsatellite 
markers developed by Kretzer et al. (2003) for R. vinicolor and R. vesiculosus will be used to 
resolve fungal genets. Root samples that could not be traced to a source tree in the field will be 
genotyped using microsatellite markers and matched to the genomic reference library from tree 
needles.  
Site and CMN mapping: The center of each site will be satellite referenced using a TrimbleTM 
GPS unit. From these points, remaining trees and soil sample locations will be plotted using stem-
mapping field survey equipment and tape measures and mapped in ArcGIS® (Version 9.1) and 
stand visualization software (SVS), with the following exception. Only soil cores with 
Rhizopogon spp. mycorrhizas will be mapped, so that each core location represents =1 
Rhizopogon genet(s) and =1 root(s) matched to a parent tree. Understory vegetation, ground 
cover, and topographic features will be recorded at each sample location and mapped when 
appropriate. After genetic analysis of ECM and root tips, sample locations represented by different 
trees and shared fungal genotypes will be attributed to the number of tree nodes and length of 
fungal linkages in a common mycorrhizal network.  
CMN Structure: The architectural and genetic characteristics ascribed to each half (depth) of the 
excavated 10cm3 soil blocks will be analyzed to obtain simple statistics and test for differences 
among and between sample genotypes, ECM colonization of fine roots, mycelial forms, and upper 
and lower soil depths. Based on this analysis, CMN features will be generalized into high, 
medium, and low connective potentials and delineated to fungal and tree genotypes. This 
information will be illustrated graphically in a 3-dimensional cubic grid, and for each soil layer if 
significant vertical differentiation is detected (Zhou & Hogetsu 2002). General patterns in 
Rhizopogon spp. connectivity will be analyzed using ordination techniques with pooled data from 
each of the 3-5 focal sites. Individual and average Rhizopogon genet sizes will also be 
documented.  
Between-site CMN analysis: Cross-site differences in soil moisture, CMN measures, and ECM 
colonization patterns will be analyzed by ordination (i.e., NMDS or non-metric multi-dimensional 
scaling), presence/absence (Sorenson’s Index), and statistical tests for significance (i.e. paired t-
tests).  
Long-term objectives: Additional tests will be applied to genetic data to address long-term 
objectives. In short, these tests include calculations of allele frequency and number, covariance of 
fungal and seedling genetic patterns, multivariate analyses of population structures, ordination, 
redundancy analysis, and spatial analyses using Mantel correlograms and standardized variograms. 
If needed, additional samples will be collected and included in analyses. To test for kinship 
selection through CMNs, greenhouse grown seedlings inoculated with Rhizopogon ECM will be 
planted adjacent to 15 parent trees in the field in the spring of 2007. In this experiment, three 
replicates of four (2x2 factorial) treatment combinations per parent tree will be analyzed for 
growth rates, survivorship, and CMN development. The two factors will be kinship (parent trees 
and regenerating seedlings genetically related or unrelated) and presence of a CMN (CMN linking 
parent trees with planted seedlings left intact or CMN excluded using mesh barriers). This equates 
to 15 x [1 parent tree + 3 replicates x 2 (trees genetically related or unrelated) treatments x 2 
(CMN left intact or excluded using mesh barriers) treatments] = 180 seedlings.  
 

• Project scope and regional applicability: Dry-belt Douglas-fir forest immediately north of 
Kamloops in the Southern Interior Forest Region. 

• Interim conclusions:  Based on 210 mycorrhizas collected from 55 neighboring trees, we have 
recovered 21 R. vesiculosus genets, 22 R. vinicolor genets, and 77 tree genotypes.  Of these tree 
genotypes, 69 were linked to other trees through shared fungal genets. 

• Contact information: Suzanne Simard at UBC (Suzanne.simard@ubc.ca; tel: 604-822-1955); or 
Daniel Durall at UBCO (Daniel.Durall@ubc.ca). 
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