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Climate stabilization?

modified from Harden et al. 2017. Global Change Biology 

assumes gains of 
~0.4 Mg C ha-1 yr-1 

(~5% of NPP)

Figure 1. Total annual net primary production (NPP) in 1992 for U.S. Midwest counties, estimated from 
National Agricultural Statistics Service (NASS) harvest yield and literature values of crop harvest index 
and below-ground allocation.
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Building organic matter in the agroecosystem is known to 

1. Improve crop yields
2. Reduce soil erosion
3. Increase water infiltration
4. Retain nutrients 



Agricultural practices promoted for C accumulation

1. Reducing tillage intensity/frequency 
2. Applying manure
3. Using cover crops
4. Optimizing fertilizer application
5. Planting perennials
6. Increasing plant diversity
7. Improving grazing management

(Sanford et al. 2012 Ag Ecosys Env)
(Sanford et al. 2012 Ag Ecosys Env)
(Cates & Jackson 2018 Agron J) 
(Collier et al. 2017 SSSAJ)
(Sanford 2014, unpublished data)
(Spiesman et al. 2018 Oecologia)
(Oates et al. 2014 Rangeland Ecol Mgmt)
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Opportunities for accumulating C are precarious

Skinner. 2008. Journal of Environmental Quality 



WICST

9

ARL

LAC

Established in 1990

Two locations
• (ARL) Arlington, WI – 1990 to present
• (LAC) Elkhorn, WI – 1990 to 2002

Large plots
• Plot size = 0.7 ac
• Field-scale equipment

Performance metrics: 
• Productivity
• Profitability
• Environment

Wisconsin Integrated Cropping Systems Trial (WICST)
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1. Reducing tillage
2. Applying manure
3. Using cover crops
5.    Planting perennials





4. Optimizing fertilizer application



10-y restored 
grasslands

20-y cropping 
systems

southern WI

Wisconsin Integrated Cropping Systems Trial (WICST)

5. Planting perennials



Cluster analysis
of PLFA 
absolute
abundance 

c-
c(

1)

c-
c(

4)c-
c(

3)

c-
s-

w
(4

)

c-
s-

w
(1

)

c-
s-

w
(3

)

pa
st

(3
)

pa
st

(1
)

pa
st

(4
)

c-
a-

a-
a(

4)

c-
a-

a-
a(

1)

c-
a-

a-
a(

3)

c-
o/

a-
a(

3)

c-
o/

a-
a(

4)

c-
o/

a-
a(

1)

Microbial composition differs by cropping system
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Microbial biomass abundance



Plant biomass

MAOM

POM

Plant C:N

POM C:NMicrobial 
necromass

Climate

Texture

Mineralogy

Disturbance

Inputs
Microbial 
CUE

POM-C

Microbial necromass

Microbial CUEMAOM-C

POM C:N

Rui, in prep

SOC mechanisms

F:B necromass



Litter C:N
(POM C:N ratio)

Microbial CUE
（CUE）

Microbial necromass
accumulation (Total AS)

Oxidative enzyme activities
(Phenol oxidase; peroxisade)

Microbial community structure 
(GluN:MurA)

SOM storage/stability
(MAOM-C) 

Aliphatic C

AIC = 59.0
BIC = 60.8
Fisher’s C = 13.0
P = 0.877
df = 20

0.07

0.35

0.36

0.24

-0.69

0.16

0.56

0.45 0.39

0.75

-0.72

Non-sig
Significant negative
Significant positive

Values over arrows are the standardized 
estimates, or the strength of the direct effect

Litter C:N
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Microbial CUE
（CUE）

Microbial necromass
accumulation (Total AS)

Oxidative enzyme activities
(Phenol oxidase; peroxisade)

Microbial community structure 
(GluN:MurA)

SOM storage/stability
(MAOM-C) 

Aliphatic C

AIC = 68.3
BIC = 70.0
Fisher’s C = 24.3 
P = 0.333
df = 22
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-0.16
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-0.80
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0.57 0.06

-0.26

Continuous corn Grazed pasture

Structural equation models 
predicting SOM storage
(Rui, Spiesman, et al., in prep)
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Jackson & Stier, 
unpublished data

5. Planting perennials
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5. Planting perennials
6. Increasing diversity



5. Planting perennials



~10-y-old restored 
prairies in 
southern WI

silt loam
occasionally burned

loamy sand
occasionally grazed

5. Planting perennials
6. Increasing diversity
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7. Improving grazing management



Climate, soils, and management interact!

modified from McSherry & Ritchie 2013. Global Change Biology 



What can we do to build SOC? 



Yang et al. 2009 Global Change Biology

SOC changes in the Tibetan grasslands over the last two decades.

Some places do, some places don’t 



Diehl et al., unpublished data

Identifying SOC hotspots requires good data & good models



Tayyebi et al. 2016. Computers and Electronics in Ag



Summary & conclusions

1. Fine-tuning annual cropping systems 
not likely to build SOC

2. Perennialization offers best hope, but C 
balance still precarious

3. Much C “accumulation” may be 

ephemeral…so understanding SOM 
dynamics is key!

4. Best approaches focus on landscape 
designs that identify hotspots for 
protection AND possibly accumulation



Questions? Discussion?



Why do some studies predict SOC accumulation?

1. Use of chronosequences rather than time series SOC data
2. Extrapolating change in C concentrations to represent carbon loss or gain
3. Sampling depth too shallow
4. Sampling periods too short
5. Highly variable SOC



Why is soil C lost when it is predicted to increase?

1. Soils still responding to initial soil plow-up
2. Soil biota not building SOC (C use efficiency)
3. Arbuscular mycorrhizal fungi (AMF) loss reducing aggregation 
4. Climate change driving directional SOC change



Solutions
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Transformation

Sustainability 
Process

Use DST output 
to inform design

Identify relevant 
sustainability 
dimensions

Identify gaps

Validate models

Educate & 
empower

Educate & 
empower

I. Stakeholder-driven 
landscape design

III. Knowledge 
generation

II. Decision support 
tool (DST)



Grassland 2.0!
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