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Background: Plant-soil-microbial interactions regulate soil organic carbon storage

▪
▪
▪
▪

Changes in ecosystem carbon storage have a large influence on the overall greenhouse gas balance
of biomass-based cropping systems1.

Example project: Understanding plant root and microbial contributions
to the soil carbon dioxide (CO2) flux in biomass cropping systems

Soil organic carbon (SOC) accounts for the majority of terrestrial ecosystem organic carbon storage2.
Feedstock crop type, farm management practices, and site-specific soil properties all affect the
potential for SOC accumulation via influences on plant, soil, and microbial properties1,3.
A mechanistic understanding of plant-microbial-soil interactions will maximize the potential for SOC
storage across the landscape through improved predictive capabilities.

▪

Soil CO2 flux results from
metabolic respiration by roots
(autotrophs) and microbes
(heterotrophs) (Fig. 2).

▪

Autotrophic and heterotrophic
respiration are critical components
of plant and soil carbon balances,
respectively.

▪

We will use the δ13CO2 isotopic
signature to partition sources of
respiration in situ through the
growing season (Fig. 3, 4).

▪

The results will improve plant root
physiological models and provide
a constraint for ecosystem and soil
carbon outputs.

▪ The University of Illinois Energy Farm provides a research platform for filling gaps in our current
understanding of SOC dynamics in biomass cropping systems (Fig. 1).

Theory: A conceptual model for SOC change in biomass-based cropping systems

Figure 2 (left) – Major pathways of organic
carbon flow within a typical perennial
biomass cropping system4. Belowground
substrates are allocated to biomass
production or autotrophic respiration.
Biomass production and mortality fuel
heterotrophic respiration. Management
factors influence many of the processes.
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Figure 1 – Changes in land management (red) have direct and indirect effects on plant (green), soil (orange), and microbial
(blue) properties. The plant, soil, and microbial properties interactively affect physical, chemical, and biochemical processes
(gold), which in turn determine soil organic carbon quantity and quality (brown). Soil organic carbon feeds back to multiple
processes and properties, creating a highly dynamic system that poses many challenges for making predictions.

Figure 3 –Picarro δ13CO2 Cavity Ring Down
Spectrometer with LI-COR multiplexer system (left)
and LI-COR automated soil flux chamber (right).
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Figure 4 – Research cropping system
trials at the University of Illinois
Urbana-Champaign Energy Farm.
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