Executive Summary
Title: Can microbial ecology inform ecosystem level C-N cycling response to climate change?
Principal Investigator: Kirsten Hofmockel, Iowa State University, USA
Co-Principal Investigator: Erik Hobbie, University of New Hampshire, USA
Collaborator: Kate Orwin, Lancaster University, UK
Project Objectives: 1) We will use archived soil samples from the Duke, Rhinelander and ORNL FACE experiments to evaluate the potential for organic N depolymerization among microbial taxa. 

2) We will use existing stable isotope data from the Duke Forest FACE experiment and additional planned analyses of 13C, 14C, and 15N to evaluate organic N use among ectomycorrhizal taxa. 

3) We will further develop and validate an existing model that incorporates both organic nitrogen use and mycorrhizal fungi (MySCaN). To test model performance and our interpretations of isotopic patterns, output from the developed model will then be used to run the NESIS model to predict isotopic signatures in FACE studies. 

4) These models will be used to investigate how changes in N availability and other ecosystem drivers (particularly as affected by elevated CO2 and temperature) affect microbial functional traits, the importance of mycorrhizal uptake of organic N of variable recalcitrance, carbon flux patterns, turnover of soil organic matter, and soil carbon balances. In collaboration with the USFS and ORNL, our modeling will assess activity of different microbial functional groups using Δ14C, (13C and (15N signatures of ecosystem components (including sporocarps) from the SPRUCE site, collected during the pre-experimental treatment field season (2012) and after climate change treatments have been initiated.

Hypotheses: We propose the following hypotheses: 

H1. Elevated CO2 will increase the abundance and activity of proteolytic and chitinolytic microorganisms in the mineral soil at the Duke, Rhinelander, and ORNL FACE sites.

H2. As N becomes more limiting under elevated CO2, the fungal community composition will shift away from surface miners toward fungi harvesting from deeper in the soil, increasing the importance of ectomycorrhizal fungi. 

H3. Increased allocation to mycorrhizal fungi with elevated CO2 primes the release of organic N in bioavailable forms.

H4. Including organic N in the bioavailable pool and including mycorrhizal fungi as a conduit for N from soil N pools to plants accelerates the climate change response of boreal peatland forests by reducing N limitation.

Methodology:
We will use enzyme assays on soil samples and chemical and isotopic analyses on sporocarps and soil to assess organic nitrogen use by different microbial taxa. These and other measurements will be used to improve and test a newly developed model (MySCaN) that explicitly includes organic nitrogen fluxes, mycorrhizal fungi, and the free-living microbial community. Isotopic data and the NESIS model will be used to extend MySCaN predictions to include isotopic parameters.

Project Impact: The measurements and modeling proposed here will augment planned modeling in SPRUCE by providing new insights into how carbon and nitrogen cycling are linked to plant and microbial dynamics in forest systems. This work will accordingly be useful in efforts to incorporate nitrogen constraints into the carbon dynamics of the large-scale models used to predict forest-climate feedbacks under climate change in temperate and boreal forests.
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