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Abstract 
 
Our funded research focused on soil organic matter dynamics and plant-microbe interactions by 
examining the role of belowground processes and mechanisms across scales, including decomposition of 
organic molecules, microbial interactions, and plant-microbe interactions associated with a changing 
climate. Research foci included mycorrhizal mediated priming of soil carbon turnover, organic N use and 
depolymerization by free-living microbes and mycorrhizal fungi, and the use of isotopes as additional 
constraints for improved modeling of belowground processes. This work complemented the DOE’s 
mandate to understand both the consequences of atmospheric and climatic change for key ecosystems 
and the feedbacks on C cycling. 
 
Progress 
 
As a initial study we estimated the source and quantify the use of organic N among ectomycorrhizal taxa 
by analyzing existing stable isotope data from the Duke Forest FACE experiment. Building off our 
experience at FACE, we extended our questions into the Spruce and Peatland Responses Under 
Changing Environments, or SPRUCE experiment, in the Marcell National Forest. 
 
Our research was initiated prior to experimental infrastructure establishment. Our initial studies focused 
on establishing baseline understanding of the spatial and temporal variability in organic N cycling within 
the bog. This included assaying extracellular enzyme activity, microbial biomass, ergosterol 
concentration, fungal isotopes, and bacterial and fungal community composition. In addition to 
generating data on fresh peat cores, we sand-filled ingrowth bags to estimate EM production and both 
sand. We coupled this with peat ingrowth bags to identify the active, extraradical EM community.  This 
system of ingrowth cores was deployed in the replicated SPRUCE rings to capture the 13C signature 
from photosynthates to the EM fungi in response to climate manipulations (elevated CO2 and 
temperature). The goal of this experiment is to estimate C allocation to EM hyphal growth.  In 
conjunction with isotope data generated by ORLN and SPRUCE collaborators, we incorporated the 
isotopic signatures of fungal hyphae and fruiting bodies to assess the sources of C and N supporting 
fungal growth. We are using measurements of microbial activity, biomass, composition and isotopic 
signatures to understand how environmental change influences the structure and function of boreal 
forest microbial communities. By examining differences in d13C among bulk tissue, structural carbon, and 
protein extracts of sporocarps of three fungal types (saprotrophic fungi, fungi with hydrophobic 
ectomycorrhizae) or fungi with hydrophilic ectomycorrhizae, we were able to determine whether fungi 
received carbon from recent plant photosynthate, litter or soil-derived organic (C:N bonded) nitrogen. 
We succefully demonstrated that fungi with hydrophobic ectomycorrhizae used soil-derived organic 
nitrogen sources for protein carbon, fungi with hydrophilic ectomycorrhizae used recent plant 
photosynthates for protein carbon and both fungal groups used photosynthates for structural carbon. 
Further this approach allowed us to differentiate how specific fungal species are acquiring carbon and 
nitrogen under field conditions. Our research has demonstrated that natural abundance and isotopic 



tracers are useful for tracking N from different depths into fungal taxa, generally corresponding to 
estimates of fungal activity within soil profiles, and providing new insights into interpreting natural 
abundance d15N patterns. This work was extended to a whole ecosystem isotopic analysis to evaluate 
past vegetation dynamics, climate and microbial processes in the Marcell bog, including mycorrhizal 
activity after tree colonization of the bog and upland-derived dissolved organic nitrogen inputs and 
accompanying shifts in nitrogen dynamics.  
 
Education 
 
At Iowa State University one postdoc and one undergrad contributed to this work. The undergrad 
continued to intern at PNNL. At UNH one graduate student contributed to this research. 
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