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Higher plants release a significant proportion of the carbon (C) they assimilate into the rhizosphere –
mainly as sugars, amino acids or organic acids. This labile carbon has been shown to substantially
accelerate microbial decomposition of ‘old’ or ‘recalcitrant’ soil organic matter and thus facilitate the
release of CO2 to the atmosphere in a phenomenon called the “rhizosphere priming effect” (RPE).
Despite the high potential of rhizosphere priming to influence global C cycling, its underlying
mechanisms are still under debate, leading to high uncertainties in the predictions of future net C flux
between soil and atmosphere.
We propose that microscale spatial interactions between microbes and their environment are
essential for understanding RPEs, as biological (such as microbial decomposition) and physico-chemical
processes (such as micro- and macroaggregate turnover) are linked at the microscale. The goal of this
project is to ‘zoom in’ and investigate the RPE at the scale microorganisms operate. By analyzing how
interactions between microbes and their microenvironment are linked to emerging C and N dynamics
we aim to develop a unifying concept of rhizosphere priming in soil.
We will approach this goal by a combined experimental and modelling approach. We will prepare
‘experimental soils’ with plant-derived particulate organic matter (POM) encapsulated in
macroaggregates and employ a novel ‘reverse microdialysis’ technique which will allow us to introduce
a defined solution of labile substrate via microdiffusion into the soil, mimicking root exudations. Using
state-of-the-art stable-isotope methods we will follow the fate of (i) 13C15N-labelled labile substrates,
(ii)
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C N-labelled POM, and (iii) native (unlabeled) SOM concomitantly through living and dead

organic matter pools (f.e. PLFAs and microbial necromass) and trace microbial community composition
(16S rRNA and ITS amplicon sequencing) and processes across the soil aggregate hierarchy at small
spatial scales. In an additional experiment, we will investigate how the interaction between
mycorrhizal roots and soil microarchitecture affects the RPE after 13CO2 pulse-labelling of young beech
trees. We will further research into the µm-scale spatial dynamics of microbes in intact soil aggregates
after labile substrate input with a joint fluorescence-in-situ-hybridisation (FISH) and nanoscale
secondary ion mass spectrometry (NanoSIMS) analysis, a novel combination for the analysis of
undisturbed soil cores. In a complementary theoretical modelling analysis, we will investigate possible
‘emergent’ phenomena (such as self-organisation or self-regulation) triggered by microbial microscale
interactions in a spatially explicit and dynamic microenvironment, by expanding an existing individualbased computer model.
Cooperation Partners:
Co-PIs are Erich Inselsbacher (microdialysis technique) and Dagmar Woebken (molecular analyses),
both University of Vienna. International cooperation partners are Thilo Eickhorst (University of
Bremen, Germany) and Naoise Nunan (CNRS, France), who will provide expertise in visualizing
microbial cells in undisturbed soil cores.

