
Denise Brooks1, Melanie Jones2, Sue Grayston1
1 Belowground Ecosystem Group, Department of Forest Sciences, University of British Columbia, Vancouver

2Forest and Mycorrhizal Ecology Group, Biology and Physical Geography Unit, UBC Okanagan, Kelowna
Corresponding author: denise.d.brooks@gmail.com

Introduction Methods

Results

Discussion

Tree growth is influenced by the ectomycorrhizal (EM) fungal community 
present on individual host trees, and as trees age, the composition of the 
EM fungal community changes.  EM fungi use carbon provided by host 
trees to produce mycelia to extract additional nutrients from soil organic 
matter. Many EM fungi produce extensive hyphal networks that explore 
beyond nutrient depletion zones for organic nutrients and for root-tips of 
new host trees to colonize.  These hyphal networks require a significant 
carbon investment by host trees, and tree growth can be affected by the 
relative ability of EM fungal species to acquire and transport nutrients to 
host trees.  Different species of EM fungi have been shown to vary in 
their abilities to mobilize nutrients from various forms of soil organic 
matter. However, the studies demonstrating this functional diversity of 
EM fungi have traditionally been restricted to studies in the lab.

To investigate whether the changes seen in the EM fungal community as trees age reflects a shift in community 
function that better supports tree success, we used a chronosequence of mixed Douglas fir / paper birch forest stands 
that had been generated by fire or clear-cut logging.  Stand age classes included: young (<8 years), canopy closure 
(20 years), stem exclusion (60) years, and older (100+ years).  A 20x20 cm soil profile area was sampled at three 
replicate stands of each stand age.

Soil microbes, including fungi, secrete phosphatase enzymes to mobilize organic phosphorus from soil organic 
matter. We used the presence of phosphatase enzymes to visualize the locations in the soil where nutrients were 
being actively mobilized from organic matter.  We then took small soil samples from the exact micro-sites where 
phosphatase enzymes were detected and took samples from areas where no active phosphatase was detected.  We 
extracted DNA from the soil samples and then used Terminal Restriction Fragment Length Polymophism (TRFLP) to 
characterize the fungal community present in the sample.

Total fungal communities found in the mineral soil differed by age class, 
while the communities found in organic soil did not.

Direct micro-sampling of soil confirmed that the fungal community 
changes with  stand age.  This is consistent with our earlier work (Dong 
et al. 2007) that demonstrated that the nature of phosphorus nutrient 
cycling differs at this ICH chronosequence with stand age.  Our fine-scale 
sampling did not find evidence that different fungi were responsible for 
any change in phosphatase activity with age, but this is likely because 
site to site variability overshadowed fine scale variability.  We are 
expanding our fingerprint database to improve our ability to detect these 
differences.

Phosphorus cycling by ectomycorrhizal fungi: 
Does it change with forest age?
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Soil phosphatase activity was detected for soil sampling by applying a filter paper that had been treated 
with a colorimetric phosphatase indicator to intact soil horizons that were accessed through plexiglass
root windows.
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TRFLP fingerprints of the fungal community present in the sample were created by amplifying DNA by 
polymerase chain reaction (PCR) using fungal primers ITS1F and ITS4, then digesting the amplified 
DNA with the endonucleases HINFI and HAEIII.  

TRFLP fingerprint of the total fungal 
community present in one sample

TRFLP fingerprint of the total fungal 
community with EM fungi identified 

The relationships between total fungal communities were visulazed using 
Non-Metric Multidimensional Scaling (NMS)

Total fungal communities were different between sites, but were not 
different between the phosphatase active and non-active samples. 
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Total fungal community differed by site: Grouping of samples
taken from the organic layer of one site in each age class.

Total community of the same samples did not differ by 
phosphatase activity.

Total fungal community differed with stand age: Grouping 
of all mineral samples indicated a change in community with
stand age.

Grouping of all organic samples did not indicate a change in 
total fungal community with stand age.
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Insufficient EM fungi were identified in samples from older sites to make 
meaningful community comparisons.


