
Executive Summary 
 
Project: Y082322 
 
Title: Can the important microbial diversity and nutrient cycling characteristics of old growth 
Douglas fir forests be maintained in managed second growth forests?  
 
Project Purpose & Management Information: The project addresses two questions regarding 
the effect of forest management on key nutrient cycling microorganisms. First, can second growth 
forests be managed to sustain the functioning of key microbial communities as they exist in old-
growth forest soils? Second, does the maintenance of nutrient cycling functionality protect 
biodiversity? To address these questions this project is examining the linkages between microbial 
biodiversity, key nutrient cycling processes and the sustainability of standard forest management 
methods. For increased confidence in current forest management, it is important to determine if 
these practices preserve the biodiversity and ecological functioning of old growth forest soils in 
managed forest ecosystems. The primary outcome of the project is data that measure the ability 
standard forest practices in British Columbia to preserve microbial diversity and ecosystem 
function. Identifying key microbial drivers of nutrient cycling processes, primarily those involved 
in nitrogen-cycling, will support the development of best-management practices and the 
development of tools to assess the continued diversity of nitrogen-cycling microbial functional 
groups.  
 
Project Start Date: 1 April, 2006 
 
Length of Project: 3 years 
 
Methodology Overview: Molecular methods to analyze the diversity and abundance of microbial 
functional groups were developed under a previously funded project. Molecular tools were used 
because the majority (~ 90%) of the soil microbial community are unculturable and thus 
traditional microbiological methods are unable to target total community diversity. Substrate and 
woody debris transects were measured in forest plots to measure ground cover of local sample 
points. Samples assayed in the Shawnigan Lake Research Forest Levels of Growth Study (LOGS) 
plots included forest litter organic layer and mineral soils from control (unthinned), highly 
thinned (70% thinning; 35 year impact) and recently clear-cut plots. Each plot was replicated in 
either duplicate (old growth sites) or in triplicate (LOGS sites). In each replicate plot, multiple 
sub-samples of decay class 5 or buried woody debris, litter layer and mineral soil (≤10 cm) were 
collected. Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) was 
the primary method used to assess microbial diversity and to asses the genetic diversity of 
nitrogen fixers. Total DNA was extracted in triplicate from each plot and pooled to generate one 
composite DNA sample per plot. DNA extracted from the forest soils was analyzed from specific 
nitrogen cycling gene pools using gene-specific primers for PCR-DGGE.  Methods have been 
refined and tested to ensure that analysis with each primer set is robust and repeatable. The results 
of the DGGE studies were used to develop a quantitative real-time PCR (qPCR) study to 
determine the abundance of nitrogen-fixing bacterial functional genes. The qPCR reactions were 
validated with SybrGreen to ensure that there was no non-target amplification. Abundance of key 
nitrogen-fixers was determined in the aforementioned forest plots (high thinning, control and 
clear-cut) and in microcosms with varying levels of woody debris. Specific gene targets used in 
qPCR analysis were universal-nifH (nitrogenase) and Azobacter vinelandii nifH. Genomic 
abundance of A. vinelandii genomes (based on nifH qPCR) were statistically correlated with 
various soil parameters such as soil carbon percentage (a function of woody debris and litter 
levels). Soil CH4 oxidation was measured by static gas chambers (4 locations per plot). Four fours 



per plot were used to provide soil for analysis of CH4 oxidation in various soil profile layers 
(OLH, A, B). Soil properties such as particle composition, pH, NO3--N, NH4+-N and organic acids 
at different depths were also analyzed using hydrometers, pH meters, capillary electrophoresis 
and high pressure liquid chromatography (HPLC), respectively. Diversity of CH4-oxidizing 
bacteria was assed using PCR amplification of key functional genes (pmoA and mmoX). To 
evaluate the quality of DNA extracted from soil 16S rDNA universal primers were also used from 
amplification. DNA was extracted from soil using zirconia beads and a mini-bead-beater 
technique. Fragments will be cloned into E. coli using the TOPO cloning kit (Invitrogen).  Clones 
from the library will be screened by analyzing band patterns from restricti9on enzyme digestion 
(HhaI and HaeIII; RsaI and MspI). Cloned DNA were sequenced and compared to known 
sequences in the NCBI GenBank using BLAST analysis.  
 
Project Scope and Regional Applicability: The project addresses Theme 1, topic 1.4 of the 
Sustainability program: “Effectiveness of stand-level structures and habitat in maintaining 
biodiversity”. The particular priority addressed (d) asks “How effective are … derived structures 
in maintaining stand-level biodiversity?” The project dealt with the coastal forest of southern 
Vancouver Island, although the data and approaches developed in this study are applicable across 
British Columbia and the rest of Canada.  The immediate target audience for the deliverables 
included forest ecologists and soil researchers. The ultimate end users of the information would 
include forest managements throughout Canada.  
 
Interim Conclusions: DGGE results indicate that diazotrophic and methanotrophic (N-fixing and 
CH4-oxidizing bacteria) communities have statistically similar levels of diversity in old-growth 
and managed stands. Spatial (site and soil layer) and temporal (seasonal) variations were 
observed in the composition of Actinomycete and Paenibacillus communities. Significant 
differences between clear-cut and unthinned control plots were observed in Paenibacillus-specific 
16S diversity and ammonium-oxidizing bacteria (amoA gene), as determined by ANOVA of 
principal component analysis (PCA) factors. Significant differences in soil layers Actinomycete-
specific 16S diversity were also observed. Forest management had no statistical effect on nifH 
diversity. Following sequencing of DGGE-derived nifH sequences, however, seasonal- and 
management-specific nifH sequence clusters were found. These data may be used to develop 
indicators of disturbance of Douglas-fir forest soil ecosystems. The primary nifH communities 
found in Douglas-fir forest soil displayed high levels of homology to A. vinelandii and 
Azospirillum bransilense. Quantitative PCR analysis of A. vinelandii- and A. bransilense-specific 
nifH sequences showed that there is a direct and significant correlation between A. vinelandii nifH 
abundance and soil carbon (%), soil nitrogen (%) and NH4+-N (ppm). The strong correlation 
between nitrogen fixing bacteria and soil carbon suggests that the nitrogen input to the soil 
nutrient cycle facilitates the increased decomposition of carbon-containing litter in the forest floor 
organic layer. Further sampling of field and microcosm soil is needed to clarify these effects. 
Methane consumption studies revealed no statistical differences in CH4 oxidation in soil from 
control, thinned, fertilized and old growth Coastal Douglas fir forests. Despite minimal difference 
in activity, methane oxidizing bacteria from control soils were clearly different from those found 
in old-growth and thinned forest soil. The data provided by this study provide new insights into 
the links between forest management and microbial diversity, quantify and function. They 
demonstrate that microbial functional genes may be used as indicator of ecological impacts, but 
that the forest management impacts examined in this study do not seems to have lasting impacts 
of forest soil ecological health, for the particular microbial communities observed in this study. 
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