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Final Executive Summary 

  
Project purpose and management implications 

In forest soils, ectomycorrhizal (ECM) fungi give roots increased access to nutrients such 

as nitrogen and phosphorus by releasing enzymes that break down soil organic matter. 

However, ECM fungal species differ from each other in this ability. Work from an earlier 

FSP project was the first to determine that it takes approximately 65 years for the species 

composition of the ECM fungal community to stabilize in ICH forests after disturbance 

(Twieg et al. 2007. New Phytol. 176: 437-447). However, we do not know how long it 

takes for the ECM fungal community to develop a full complement of nutrient cycling 

abilities. This might occur prior to stabilization of the fungal species composition because 

of redundancy in function amongst the 15,000 ECM fungal species that may exist. In 

addition to studying the enzyme activities of ECM hyphae, we will isolate and identify 

unique actinobacteria from the ECM-influenced bacterial community and visualize the 

interaction of these bacteria with ECM to determine if they play an important role in 

mycorrhiza function. 

 The results of this study will allow forest managers to plan cutting regimes with an 

increased understanding of the development of ICH soils. It is important that sites with a 

complement of physiologically diverse ECM fungi be present in the landscape. Some 

ECM fungi do not disperse effectively from spores and rely primarily on root-to-root 

spread. Therefore, patches of mature forest soils will act as sources of inoculum of 

mycorrhizal fungi with specific functional traits. Our comparison of sites regenerating 

from wildfire and clearcut logging will give forest managers a concrete baseline for 

evaluating whether forest management practices are maintaining soil microbial 

community functionality compared to natural disturbance regimes.  

 

Project start date: April 2007 

Project end date: March 2009  

Length of project: 2 years 

 

Former project numbers or funding sources:  

Y05-1064- Ectomycorrhizae and networks: their role in facilitating Douglas-fir 

regeneration under water, site and climatic stresses – With this funding, the 

chronosequence sites were selected and the taxonomy (but not function) of the ECM 

community was determined. 

Additional funding for this project comes from a University Graduate Fellowship to 

Denise Brooks and from an NSERC Discovery Grant awarded to Melanie Jones.  

Additional travel and consumables costs have been paid for by this grant. 

 

Methodology overview 



Root window study of fungi associated with phosphatase 

We installed root windows in 12 mixed Douglas-fir (Pseudotsuga menziesii) paper 

birch (Betula papyrifera) stands located in moist, warm (ICHmw2, ICHmw3) or moist, 

cool (ICHmk2) variants of the Interior Cedar-Hemlock (ICH) biogeoclimatic zone. There 

were three replicate stands of four age classes, representing a chronosequence of stand 

development stage: the stand initiation stage, when Douglas-fir and paper birch establish 

concurrently (4–6 yr old); the canopy closure stage, when Douglas-fir and paper birch 

compete intensely for resources (21–30 yr old); the stem exclusion stage, when birch 

starts to senesce, creating canopy gaps (60–70 yr old); and the stand re-initiation stage, 

when Douglas-fir dominates over remaining paper birch (90–103 yr old). The youngest 

stands were the result of recent clear-cutting and tree planting while the three older age 

classes were natural forest stands initiated after stand-replacing wildfires.   

Root-windows consisted of transparent acrylic panels, each with a trap door. After 

installation, they were left for one to two years in order for organisms to re-colonize the 

disturbed soil immediately adjacent to the window.  Then phosphatase activities were 

localized using an imprinting technique. Filter paper sheets were impregnated with a 

reagent that releases a stable red precipitate when acted on by phosphomonoesterases. 

This allowed us to see the intensity and distribution of phosphatase activity across the soil 

face.  After the imprint was removed from the window, the locations of phosphatase 

activity were traced onto a transparency film and that, in turn, was used as a guide for 

selecting and sampling three phosphatase ‘hot-spots’ and three spots in the centers of 

patches where no activity was detected. A micro-sample of soil was collected from each 

spot using sterile forceps. 

DNA was extracted from soil micro-samples, fungal DNA was amplified by 

polymerase chain reaction and a fluorescently tagged fingerprint (TRFLP) produced for 

each fungal community from each soil microsample. In order to specifically recognize 

signatures of EcM fungi from within the overall fungal fingerprints, we constructed a 

reference library of TRFLPs from DNA isolated from 66 EcM fungi found on birch and 

Douglas-fir roots at these sites. We compared both the general fungal and the EcM fungal 

community fingerprints by phosphatase activity, soil layer, root window, and stand age 

class. Ectomycorrhizal fungal genera exhibiting strong spatial relationships to soil 

phosphatase activity were identified using Indicator Species Analysis. 

Bacteria – ectomycorrhizal fungal interaction study 

Three types of bags were constructed: (i) bags that allowed hyphal in-growth (35 µ 

mesh), (ii) bags that allowed bacterial colonization, but excluded hyphae (0.5 µ mesh), 

and (iii) bags that allowed colonization by neither bacteria nor hyphae (plastic). Each bag 

was then filled with sterilized sand, because this has repeated been shown to select for 

EcM fungi over saprotrophic fungi, and buried in the F layer of one of the 60-year-old 

sites.  After 3 months, the bags were removed, and bacteria cultured from all three types 

of bags. 

Each bacterial isolate was identified to genus or species following sequencing of 

the 16S rRNA gene, and tested for its ability to produce phosphatase and N-acetyl 

glucosaminidase. A bacterial assemblage representing the total community was also 

constructed by sequencing 384 cloned PCR products amplified from composited samples 

from all bags. 



 

Project scope and regional applicability 
 

The results will be valid in the Interior Cedar-Hemlock Zone in the southern interior of 

BC.  Some of the principles may also apply in other regions, but this couldn’t be 

determined without further research.  
  

Any conclusions, inference or information that might be immediately useful to forest 

practitioners and other researchers 

 

1. Stand age – We found differences in EcM fungal hyphal communities with stand 

age, confirming previous work on EcM root tips at this ICH chronosequence.  

EcM fungi do not seem to play a role in phosphorus mobilization from the forest 

floor until these mixed birch / Douglas-fir stands are 80-100 years old.  

Furthermore, these fungi are present elsewhere in the soil and are present in the 

younger age class.  Taken together with previous work, we conclude that the stem 

exclusion stands contain functionally and taxonomically distinct EcM fungi, but 

no unique taxa are present in the oldest stand age class. However, the shift 

infunction associated with EcM hyphae seen in the oldest forest stands, with a 

transition from hyphae being negatively associated with phosphatase activity to 

being positively associated with phosphatase activity in the organic layer, may 

have important management implications. This change in EcM hyphal function to 

active acquisition of P from organic sources in older stands may be an indicator of 

functional maturity of the EcM fungi community.  If this, in turn, was associated 

with fruiting of some of these fungi, such as those requiring decaying logs of 

which to form their reproductive structures, then this would indicate the 

importance of maintaining these older stands in the landscape in order to renew 

the spore bank of EcM fungal inocula for forest regeneration that best simulates 

natural disturbance. 

 

2. Importance of birch-specific EcM fungi – We found no evidence that birch-

specific EcM fungi play a unique role in the mobilization of phosphorus in these 

stands. However, our library of birch specific fungi was very limited as the most 

common species appear to co-occur with other endophytic fungi making isolation 

and characterization of genomic DNA from these species difficult. 

 

3. Interactions between fungal hyphae and bacteria – We found evidence that fungal 

hyphae interact with competing decomposer bacteria by selecting against bacteria 

with higher capacities to extract and immobilize organic P.  This suppression of 

bacteria by EcM may slow decomposition while at the same time increasing 

nutrient capture by hyphae for transport to host trees.  

 

4. Isolation of synergistic bacteria for use in inocula – We conclude that the strains 

isolated in this study should not be included in EcM fungal inocula. 

 

5. Usefulness of the method in establishing indicators and for monitoring forest soil 

function - By revealing a shift in EcM function with stand age, the fine-scale 



sampling method has provided evidence of a critical stage in forest stand 

development, at the stem exclusion stage, that is closely linked with tree nutrient 

acquisition. By monitoring when this shift in EcM function occurs in managed 

stands compared to naturally regenerating stands, we can better assess and tailor 

management methods that simulate natural disturbance and enhance healthy 

regeneration.  Additionally, our results indicate that monitoring of soil function 

should evaluate bacterial extracelluar enzyme production by considering reduced 

bacterial function as an indicator of increased potential nutrient mobilization to 

trees by EcM. 

 

6. By demonstrating significant differences in the prevalence of the hyphae of EMF 

taxa with relation to the phosphatase status of soil micro-sites, this study takes an 

important step toward demonstrating that EcM fungi differ with respect to 

nutrient mobilization in the field. This is the first demonstration of this for EcM 

hyphae in natural forest systems.  

 

7. This study connects EcM fungi associated with a fine-scale soil process to the 

ecosystem process of forest regeneration, helping to elucidate one component of 

the below ground interactions that may be in involved in fine-scale soil spatial 

heterogeneity.  This understanding is essential for the understanding of fine-scale 

soil processes and for determining how these processes affect ecosystems at a 

landscape scale.  
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