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Project Title: In situ characterization of soil microbe function in an ICH chronosequence 
  
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 
 
This project continues to make good progress on three fronts: sandbag incubation and 
retrieval, enzyme and TRFLP analysis, and microcosm development.  Some setbacks 



have been encountered, mainly in the enzyme/PLFA analysis and microcosm 
development.  However, these challenges have been met and the project is moving 
forward.  
The manufacture, placement and retrieval of sand-filled mesh bags from selected forest 
stands of the stand chronosequence has been completed.  There was some delay in bag 
collection.  Due to fairly dry conditions last summer, the decision was made to delay bag 
collection until after the fall rains began in order to maximize hyphal growth into the 
mesh bags since hyphal growth can be stunted during periods of drought.  A total of 144 
bags were placed on site; 18 handmade, sand-filled bags were placed at each of 12 stands 
in the chronosequence.  When the bags were being placed at the stands, some stands were 
found to have been disturbed by brushing.  These sites were eliminated from the 
chronosequence, and other sites were dropped from the trial in order to maintain a 
balanced design. 
While the bags were incubating in the field, enzyme assay and PLFA protocols were 
tested using trial bags retrieved the previous Fall.  It was determined after extensive 
troubleshooting of the PLFA protocol that there was insufficient biomass in the sandbags 
to permit consistent results using PLFA, and PLFA analysis was dropped from the study.  
Enzyme assay protocols for 9 enzymes were developed using the trial bags, and these 
protocols were then tested on the sandbags collected this Fall.  These enzyme tests 
indicated that the newer sandbags were not performing well with the protocols developed 
using the trial bags.  Attempts were made to adjust the enzyme protocol using sand from 
the newer bags.  However, it was determined that further protocol development would 
require too much sand and compromise the ability of the project to move forward.  
Therefore, the enzyme assays were halted without a successful outcome. 
In order to satisfy the goal of investigating the enzymatic function associated with the 
mycorrhizal hyphae present in the hyphae in-growth bags, the enzyme assays have been 
refocused on the culturable bacteria associated with the hyphae.  This refocus was partly 
motivated by new results published by Calvaruso et al. (2007) indicating that 
ectomycorrhizae may positively structure bacteria for increased nutrient mobilization 
near plant roots.  Our study was ideally structured to investigate whether this effect is 
replicated in the hyphosphere in-situ.  With this end in mind, bacteria from hyphae, non-
hyphae, and control bags have been sequentially plated, isolated, and used to test an 
enzyme protocol that assays the growing bacterial isolates from each type of bag.  Initial 
results indicate that bacteria isolated from the different bag types display distinctly 
different phosphatase and NAGase activity profiles.  Identification of the 288 isolates 
obtained from the bags is underway using DNA sequencing of the 16S rRNA gene.  Early 
sequencing results indicate that actinobacteria are potentially large contributors to the 
enzyme activities associated with mycorrhizal hyphae in-situ.  
The TRFLP analysis of the fungal, general bacterial, and actinobacterial communities 
present in the bags is moving forward.  Three replicate DNA samples have been extracted 
from each bag type from each site.  The extracted DNA has been amplified by PCR using 
fungal, general bacterial, and actinobacterial primers.  The PCR products have been 
cleaned and digested with the appropriate endonucleases, and the resulting fragments are 
in the process of being analysed by capillary gel electrophoresis.  The scope of the 
analysable fragment size has recently been greatly increased due to the development of a 
new 1200 base pair ladder by ABI.  This new ladder has only recently become available, 



and testing of DNA obtained from clones of fungal isolates indicated that use of this new 
ladder would bring many more ectomycorrhizal fungi into the existing library.  
Therefore, a concerted effort was made to clone, sequence, and submit TRFs from 50 
new fungal species for analysis using the new ladder with the goal of adding these 
species to the existing fungal library.  Additionally, new fragments were generated from 
DNA extracted from soil samples obtained directly from areas of in-situ soil phosphatase 
activity and reprocessed using the longer ladder from ABI.  These new TRFLP results are 
in the process of being analysed using the improved fungal library.   
Microcosm construction has been completed, and the design of the microcosms has been 
improved to allow for the evaluation of any changes in hyphal growth patterns as well as 
in relative enzyme activity associated with the introduction of bacterial isolates to the 
microcosms.  The design includes two hyphal growth chambers that can be colonized and 
evaluated in parallel: one side thinly filled with low nutrient peat and the other filled with 
forest floor material.  This parallel construction increased microcosm fabrication time and 
construction cost.  The microcosm component of this study has also been delayed due to 
difficulties in acquiring ectomycorrhizal fungi either specific to or associated with birch.  
The University of Alberta Microfungus Collection and Herbarium in Edmonton has been 
attempting to revive stocks of these fungi for over four months.  Dr. Lynne Sigler, 
professor and curator of the collection, has informed us that these birch associated fungi 
are quite difficult to grow.  However, two of the three species ordered are now growing.  
During this delay the microcosm design was not only improved, but a method for 
evaluating changes in the hyphal growth habit was investigated.  This method estimates 
the total surface area of expanding hyphal fans through the application of software based 
on a fractal algorithm to high resolution photographs of the hyphae.  Combining this new 
surface area estimation protocol with enzyme assays of the microcosm substrates will 
increase the strength of any evidence of increased enzyme activity associated with 
ectomycorrhizal hyphal in-growth.   
 
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 interim conclusions, inference or information that might be immediately useful 
to forest practitioners and other researchers 
 
While mesh sandbags show promise as a means to investigate ectomycorrhizal fungi and 
associated bacteria in-situ, larger sand volumes may be needed in order to utilize standard 
community assessment assays such as PFLA or soil enzyme tests. 
 
Contact information to assist someone in finding additional information on the 
project. 
 
Dr. Melanie Jones, Biology Program 
UBC Okanagan 
3333 University Way 



Kelowna, BC V1V 1V7 
 
Email: Melanie.Jones@ubc.ca 
Phone: 250 807 9553 
FAX: 250 807 8004 
 
OR 
 
Denise Brooks, PhD candidate 
Forest Sciences Department 
UBC Vancouver 
2424 Main Mall 
Vancouver, BC 
 
Email: denise.d.brooks@gmail.com 


