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adapted from U.S. DOE, Biological and Environmental Research Information System
http://earthobservatory.nasa.gov/Features/CarbonCycle/

Pg C y-1

1 Pg (petagram) = 1,000,000,000,000,000 (1 quadrillion) grams

http://earthobservatory.nasa.gov/Features/CarbonCycle/


Can we stabilize climate with land management?

from Harden et al. 2017. Global Change Biology 

Assume gains of 
10-70 g C m-2 yr-1 

~20 g soil at 
~2.5% SOC
~0.5 g C in hand

20-140 
handfuls/m2/yr

Background soil 
formation: 
1-5 g C/m2/yr



What is Carbon Sequestration?
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Ecosystem C balance is precarious

adapted from Skinner. 2008. J. Env. Qual. 
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1-meter-deep cores 
1989 & 2009



1-m soil horizon

All systems except pasture losing soil organic carbon (1989 to 2009)
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Sanford et al. 2012 

-25 g C/m2 /yr

Assume gains of 
10-70 g C m-2 yr-1 

~20 g soil at 
~2.5% SOC
~0.5 g C in hand

20-140 
handfuls/m2/yr

Background soil 
formation: 
1-5 g C/m2/yr

200 g C/m2/yr Managed grazing, GA Rowntree et al. 2020 Frontiers in Sustainable Food Systems

359 g C/m2/yr Managed grazing, MI Stanley et al. 2018 Agricultural Systems

800 g C/m2/yr Managed grazing, GA Machmuller et al. 2015 Nature Communications

400-1600 handfuls/m2/yr !!



Soil loss (RUSLE2) 
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Hedtcke et al., unpublished 

~22 g C/m2

~16 g C/m2

~1 g C/m2

~12 g C/m2

~6 g C/m2

~9 g C/m2

assuming 2.5% SOC: ~31 g C/m2

Assume gains of 
10-70 g C m-2 yr-1 

~20 g soil at 
~2.5% SOC
~0.5 g C in hand

20-140 
handfuls/m2/yr

Background soil 
formation: 
1-5 g C/m2/yr



Soil carbon under grazed pastures
Ashley Becker, MS thesis

• 30+ Wisconsin sites

• Cool-season pastures 

• Grazed 3+ years

15-30 cm

0-15 cm



How do pastures and crop fields compare?

Becker et al. 2022. Soil Sci Soc Amer Journal 



Mechanisms for soil C change (Yichao Rui & Matt Ruark)



What is Carbon Sequestration?
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MAOM-C

Microbial necromass

MAOM-C ~ Necromass

Microbial C use efficiency

Rui et al. 2022. Proceedings of the National Academy of Sciences



Summary

1. Annual cropping systems losing soil C, pastures maintaining soil C at WICST

2. Be wary of soil C comparisons of a) surface soils only, b) space-for-time 
substitutions, and c) don’t account for equivalent soil mass

3. Systems that gain soil C must continuously cover soil, eliminate soil disturbance, 
grow dense and fibrous roots, and recycle nutrients



Challenges estimating soil C change – Time

• Each scenario results in a 
5 Mg C ha-1 difference

• Paired comparison is 
misleading

• Baseline measurement 
critical for interpretation

adapted from Sanderman and Baldock, 2010, Env. Res. Letters 
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Challenges estimating soil C change – Depth

• Most changes happen in the 
top 15 to 30 cm of soil

• Changes at depth can 
significantly affect 
interpretation

bars = 90% confidence limits
adapted from Sanford, 2014, Soil Carbon 

20
-y

ea
r c

ha
ng

e 
in

 S
O

C 
( M

g 
ha

-1
)

0 to 90 cm

0 to 15 cm
no change

gain

loss

loss
loss

no change



Challenges estimating soil C change – Density

adapted from von Haden et al. 2020, Global Change Biol. 

Depth: 0 – 10 cm
Mass: 100 g
SOC: 2.0 g/cm2

Depth: 0 – 10 cm
Mass: 120 g
SOC: 2.4 g/cm2

• Fixed depth sampling is 
standard practice

• Changes in bulk density can 
mask or exaggerate 
sequestration

• Imperative to compare 
equivalent soil mass


