
Can the important microbial diversity and nutrient cycling characteristics of old 

growth Douglas fir forests be maintained in managed second growth forests? 

 

Executive summary 
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Project purpose and management implications 

 

The objective of this project is to compare and contrast the diversity of soil microbes in 

old-growth vs. managed (thinned) Douglas-fir forests. Advanced molecular tools are used 

to study the diversity of microbes involved in key nutrient cycles (e.g. nitrogen fixation, 

methane cycles). This diversity is compared with the actual (in situ) nutrient cycling 

activity. The results will help determine the effectiveness of tree thinning and woody 

debris retention in maintaining essential components of forest biodiversity. 

 

This project contributes information pertaining to two questions: 

 

1. Can second growth forests be managed to sustain the function of key microbial 

communities in old growth forest soils? 

 

2. Does this in turn have a positive implication for protecting biodiversity? 

 

Specific goals included: 

 

1) Comparing diversity of key soil microbes communities involved in nitrogen and 

carbon cycling in old growth and younger forest sites 

 

2) Comparing the functional activity of these organisms on these sites 

 

3) Evaluating the implications of any major differences for nutrient cycling, stand 

integrity and maintenance of overall biodiversity. 

 

The study focuses on the linkage between one of the drivers of diversity in old growth, 

outcomes in key nutrient processes, and implications for attempting to sustain these 

effects using standard forest management methods. 

 

Project information 

 

Start date: April 1, 2006 

Length of project:  3 years 

 



Methodology overview 

 

This study was conducted in two main phases.  In the first phase, molecular methods 

including PCR-DGGE (Polymerase Chain Reaction – Denaturing Gradient Gel 

Electrophoresis) were used to measure the diversity of key microbial groups in old 

growth Douglas-fir stands, and in variably-retained Douglas-fir (the Levels of Growing 

Stock [LOGS] long term study site) where coarse woody debris was left on the ground.  

The latter situation was therefore closer to the situation found in old-growth stands, 

versus the normal case where the tree stems would have been removed.   

 

In the second phase of the work, the key group most responsive to stand differences (free 

living nitrogen-fixing bacteria and nitrifiers in several bacterial genera) were quantified 

using real-time PCR.  By combining information on soil attributes with this information, 

it was possible to connect changes in diversity with implications for functional changes in 

dominant species. 

 

Scope/Regional applicability 

 

The applicability of the research will initially be the coastal forest region of B.C., but the 

methods are also relevant to similar investigations in other forest areas in B.C. and 

Canada. 

 

Interim conclusions 

 

In summary, the work found that emulation of old growth forests by maintaining levels of 

coarse woody debris preserves the diversity and structure of key soil organisms (N-fixers 

and methanotrophic bacteria) in most respects.  However, some N-fixers in the 

Rhizobiales may not be preserved by maintaining coarse woody debris in variably-

retained stands.  Diversity and population levels of the most important free-living 

nitrogen-fixing bacteria were severely reduced by disturbance of the upper organic layer 

of soils, even if much coarse woody debris was present (i.e., in clear-cuts).  By 

implication, clear-cutting has a significant impact on the functional attributes of diverse 

soil communities; it is not enough to simply look at overall microbial diversity as a 

measure of ecosystem function and sustainability. Regarding the concept of 

environmental thresholds, there is likely no gradually achieved ‘threshold’ when it comes 

to maintaining actual community structure.  The sudden exponential loss of nitrogen 

fixers in clear-cuts with copious woody debris suggests that intact soil function and 

fertility will depend on the presence of intact organic soil layers (litter layers) and their 

associated components.  Further study of Rhizobiales populations in old growth versus 

managed stands will be required to fully understand functional thresholds applicable to 

variably retained vs. old growth stands.   As it stands, it appears that variable retained 

stands can be managed so that they remain within the nominal functional performance of 

methanotrophic and nitrogen-fixing bacteria.  The main journal article dealing with these 

results was submitted to in-house review last month, for ultimate submission to J. of 

Applied & Environmental Microbiology (rather than Microbial Ecology), and a related 

journal article is being reviewed by Can. J. Microbiology. 
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