
Research results are beginning to highlight the importance of tree-symbiotic fungi in the 

phosphorus nutrition of older trees.

Working with seedlings or small trees in the lab, scientists have shown that symbiotic root fungi 

(the ectomycorrhizal fungi or EMF) facilitate the mobilization of nutrients from organic material 

in soil to their host plants. There are typically dozens of species of EMF in a single forest stand 

and understanding whether some species play unique roles in soils is important to forest 

management. In lab studies, some EMF appear to be much stronger mobilizers of organic 

phosphorus than others, but the results are inconsistent.  An EMF species shown to be a good 

mobilizer in one experiment may be a weak mobilizer in a different experiment.  It is thought 

that some of this variability may be due to bacteria associated with EMF and the bacteria present 

in lab studies may differ from those found in forest soils under field conditions.  

It has been a challenge to study the functional role of EMF in the field because of the difficulty 

in determining the species of fungal hyphae growing in soil, associating these species with soil 

processes, and in accounting for interactions between hyphae and soil bacteria. The goals of this 

study were to investigate the following questions:

• Are ectomycorrhizal fungi possible gatekeepers of forest productivity by acting as key players 

in organic phosphorus mobilization as trees age?  

• Are particular EMF species associated with fine scale hot-spots of soil nutrient mobilization?  

• Do EMF hyphae affect the nutrient mobilization capabilities of nearby soil bacteria?

To assess EMF phosphorus mobilization in the context of forest regeneration, forest stands of 

four ages were used: young (3-6 years), canopy closure (24-27 years), stem exclusion (55-60 

years), and older (88-100 years).  Three replicates of each age class were located in the Interior 

Cedar Hemlock (ICHmw2, ICHmw3, or ICHmk2) biogeoclimatic zone, regenerating after stand 

replacing wild fire or clear-cut (sites characterized by Twieg et al., 2007).   

To identify EMF species associated organic phosphorus mobilization hot-spots on the soil 

profile, a novel enzyme imprint technique was used.  Soil profiles were accessed through 

plexiglass root windows installed at each stand. Soil enzyme activity was visualized by pressing 

treated paper against a soil profile that changed color when enzymes active in the soil attached to 

the paper. The colored spots on the paper were used as a guide to take small, targeted soil 

samples, and EMF species were identified in the samples using a molecular fingerprinting 

technique.  

To assess the effect of EMF on the nutrient mobilization capacity of nearby soil bacteria, sand-

filled mesh bags were incubated in the F layer of selected stands.  Mesh sand bags act as a trap 

for EMF hyphae because EMF have been shown to explore the nutrient poor sand in the bags to 

a much greater extent than saprotrophic fungi. Bacteria were isolated from the bags, identified to 

genus, and assayed for phosphatase production. 

The targeted sampling of soil phosphatase hot spots detected differences in the fungal 

communities associated with high levels of soil phosphatase compared to the communities found 



in low activity areas in all but one of the older stands, but in only one younger stand.  Differences 

in the EMF communities associated with high and low phosphatase areas were identified in four 

of the nine older stands, but no younger stands. Amphenima spp. and Xerocomus spp. were more 

likely to be present in microsites with high phosphatase activity in these older stands. And 

bacteria isolated from sand bags with trapped EMF hyphae produced significantly less 

phosphatase than bacteria isolated from hyphae-free bags. 

This study suggests that some EMF species associated with older trees, but not younger trees, 

play an active role in organic phosphorus mobilization.  The reduction in phosphatase production 

by bacteria associated with EMF hyphae indicates that EMF may antagonize competing 

decomposers by selecting against bacteria with higher enzyme production.  This antagonism may 

increase EMF access to organic phosphorus in soil.


