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Using science to link regenerative 
organic agriculture to soil, human 

and planetary health
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Regenerative Organic Agriculture
Holistic Management System

Characteristics:
*Closed nutrient loops
*Greater diversity
*More perennials
*Internal resources

Ecosystem Ecology
*Microbial controls on 
plant diversity and 
nutrient release
*Perennial carbon cycle
*Ecophysiology
*Biogeochemical loops
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CARBON, NITOGEN AND CLIMATE





Net ecosystem production and evapotranspiration 



Carbon and Soil/Planetary Health

WHAT HAPPENS TO PLANT CARBON?

·How quickly do soil microbes metabolize carbon?

·How much carbon do rangelands store 
belowground?

·How efficient are legumes in fixing carbon?

·How does carbon cycle through bacteria and fungi? 

Factors that control carbon losses and gains 
important to soil organic matter and climate 

change models



Water Cycle/Energy Balance



Hydrology in the Prairie Pothole Region 



Water and Soil/Planetary Health

AGRICULTURE AND WATER MANAGEMENT TOOLS

·Hydroperiod mapping for waterfowl nesting

·Watershed restoration and web-based tools

·Crop water ócostô evaluation 

·Measured and mapped evapotranspiration (ET)

·Precision agriculture ET and nitrogen tools

MANAGEMENT/RESTORATION  TOOLS AT 
MULTIPLE SCALES
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Nitrogen and Soil, Planetary and Human Health

WHAT HAPPENS TO SOIL NITROGEN?

·How much N is lost in leachage/gases, gained in plants 

and held by soils?

·How to remotely manage N and biomass in forage?

·How do fungi processes N compared to bacteria?

·How active are microbes below the plough layer?

·Can we grow plants healthier for humans by managing 

the microbiome?
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Research Approaches Employed

·Find controls on N removal pathways

·Find microbial -plant N and C feedbacks 

·Bacterial vs fungal C and N cycling

·Environmental controls on C and N cycles 

·Build teams and excitement around new science

·Test new technologies needed to advance science

·Work with stakeholders and use science to solve 
problems---often working on farms



ON-FARM RESEARCH: 
Red River Valley of the North, Missouri 
CoteauRegion, New South Wales Cattle 

Farm, Dairies of New Zealand
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Some Potential N Pathways
Atmosphere-Plant-Soil-Plant-Atmosphere 
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Grass



F O L L O W I N G  T E N  Y E A R S  I N  C O N S E R V A T I O N  R E S E R V E

Regenerating a CRP field with legumes


