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Soil Carbon Exuberance



Soil Carbon Exuberance

Global adoption of regenerative practices 

across both grasslands and arable acreage 

could sequester more than 100% of current 

anthropogenic emissions of CO2 and that 

stable soil carbon can be built quickly 

enough to result in a rapid drawdown of 

atmospheric carbon dioxide.



“Regenerative agriculture is a powerful drawdown, both to reduce emissions

and add new carbon sinks. But preposterous claims that are easily debunked 

only undermine the message that regenerative agriculture is one of the few

areas that can (potentially) solve around 10 percent of climate change.”

Jon Foley, Project Drawdown
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Disturbance defines
our annual grain 
agroecosystems
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Temperate Grasslands Annual Grains

2.5 m

40-70% of annual 

growth

goes belowground

Saugier et al. 2001, 
Lauenroth and Gill 2003 

15-25% of annual growth

goes belowground

Goudriaan et al. 2001

J. Glover/J. Richardson

Belowground Allocation (% of NPP)
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Loss of soil carbon to the atmosphere with plow conversion of 
perennial plant communities to annual agriculture.
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Regenerative agriculture is intent on improving soil health which 
Is in part defined by re-building lost soil carbon

Primary

Regenerative Ag 

Goal



Paustian et al. 2019



Paustian et al. 2019



USDA-NRCS







Crews and Rumsey 2017



Crews and Rumsey 2017

330-1,888 kg C ha-1 yr-1





Perennial wheat Perennial sorghum

Perennial rice

Wide hybridization

annual    x perennial
relative



Perennial rice terraces—Yunnan, China, 2019



de novo Domestication

Kernza®

Thinopyrum intermedium

Silphium

Silphium integrifolium

Sainfoin

Onobrychis vicifolia

Legumes
Oilseeds Wheatgrass
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Silphium integrifolium

oilseed





Breeding nursery of
intermediate wheatgrass
(Thinopyrum intermedium)
that produces “Kernza®”  
perennial grain



Intermediate Wheatgrass Annual Wheat

2.5 m

J. Glover/J. Richardson
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Rooting extent of Intermediate wheatgrass

(Thinopyrum intermedium or Kernza®) compared to 

annual winter wheat over four seasons



Sprunger, pers com

Total Root Biomass of annual wheat and perennial Kernza®



Ecosystem carbon accumulation and % respiration losses measured in a Kernza®

(Thinopyrum intermedium) field in Salina, Kansas over five years by eddy co-variance

de Oliveira et al. 2018
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14.7 tons/ha (total)
3.7 tons/ha/yr
Range 5.68-1.21
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Annual rotation IWG (Kernza)

Crews, unpublished

Differences in soil organic carbon per hectare to ~80 cm

After 16 years of annual and perennial cropping

Kernza accumulation rate is 1.06 t yr-1 more than annual rotation



Intermediate wheatgrass (Kernza®) – Alfalfa biculture



N2O emissions during two growing seasons in 

unfertilized Kernza-Kernza (KK), Kernza-alfalfa (KA),

and fertilized Kernza-Kernza (KK+NP) plots
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Ecosystem Dis-servicesEcosystem Services

Annual-Low DiversityPerennial-High Diversity

Soil formation Soil erosion                                                                      Soil formation
Maximizes soil organic matter Reduces soil organic matter                            Maximizes soil organic matter
Resistant to pathogens and insects          Vulnerable to pathogens and insects         Resistant to pathogens and insects
Nutrients retained                                             Unintentional nutrient losses Regulated nutrient losses
Weed establishment suppressed                        Weeds establish easily  Weed establishment suppressed
High functioning soil microbiome Low functioning soil microbiome High functioning soil microbiome
High precipitation use efficiency Low precipitation use efficiency High precipitation use efficiency
No fossil fuel dependence                              Heavy fossil fuel dependence Reduced fossil fuel dependence

Ecosystem Services

Perennial-Moderate Diversity

Natural Ecosystem           Agriculture
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Thank You



N-fixing legume

nitrification inhibitor

acidifies rhizosphere for P

toxic 2° compounds

obligate mycorrhizal

warm season, C4 grass

mineralizes Po

suppresses nematodes 

Concentrates zinc

cool season C3 grass

endophytic N fixer

parasitic wasp habitat

allelopathic

drought tolerant

Diversity Delivers Ecosystem Services


