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Climate stabilization?
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Climate stabilization?
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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.

modified from Harden et al. 2017. Global Change Biology
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Building organic matter in the agroecosystem is known to

Improve crop yields
Reduce soil erosion
Increase water infiltration
Retain nutrients
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Agricultural practices promoted for C accumulation

1. Reducing tillage intensity/frequency (Sanford et al. 2012 Ag Ecosys Env)

2. Applying manure (Sanford et al. 2012 Ag Ecosys Env)

3. Using cover crops (Cates & Jackson 2018 Agron J)

4. Optimizing fertilizer application (Collier et al. 2017 SSSAJ)

5. Planting perennials (Sanford 2014, unpublished data)

6. Increasing plant diversity (Spiesman et al. 2018 Oecologia)

7. Improving grazing management (Oates et al. 2014 Rangeland Ecol Mgmt)
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Opportunities for accumulating C are precarious
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Wlsconsm Integrated Cropplng Systems Trlai%(\N% \

Established in 1990

Two locations
 (ARL) Arlington, Wi — 1990 to present
 (LAC) Elkhorn, WI—1990 to 2002

Large plots
 Plotsize=0.7 ac
* Field-scale equipment

Performance metrics:
* Productivity

* Profitability

* Environment
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Agriculture, Ecosystems and Environment 162 (2012) 68-76

Contents lists available at SciVerse ScienceDirect

Table 3
: . S0C mean values by year and depth for WICST overall and by system.®
Agriculture, Ecosystems and Environment byy pth by sys
sl Type Label Depth gCkgsoil-!
FI SEVIER journal homepage: www.elsevier.com/locate/agee
1989 2009 A pr>|fb
= 0-15 288 238 5.0 -
. . . m —
Soil carbon lost from Mollisols of the North Central U.S.A. with 20 years of N 15-30cm 203 156 _48 .
agricultural best management practices 30-60cm 10,0 6.8 41 f
Gregg R. Sanford®*, Joshua L. Posner?, Randall D. Jackson?, Christopher J. Kucharik?P, Cons. Tillage 60-90¢cm E.E N 43 _113 Eiﬂ
Janet L. Hedtcke?, Ting-Li Lin© — R -
N 0-15cm 238 214 -24 t
[on Y 15-30cm 193 145 48 -
(Grain systems Soybean 30-G60cm 8.6 73 -1.3 ns
— G0-90cm 440 £ -1.1 ns
. . in. Tillage
1. Reduung t|||age Average of A conc. 24 0.03
3 N 0-15cm 250 233 -1.7 !
: 15-30cm 186 16.0 -26 -
2. Applying manure < 260om 81 73 |7 ms
Wheat G0-90cm 48 34 -1.4 ns
1 Organic A A . -1.6 002
3. Using cover crops verage of 4 conc
| . . | 4 N 0-15cm 273 268 -05 ns
15-30cm 193 18.1 -1.2 -
5. Planting perennials @@ 15-30m 19, 18 e
@ 60-00cm 5.2 44 08 ns
Conventional Average gj"d COMC, —08 ns
0-15cm 251 240 -1.1 ns
15-30cm 169 169 -0.1 t
Forage systems 30-60cm 88 75 -13 ns
G0-90cm 54 40 -1.4 ns
Organic Average of A conc, 1.0 0.09
o8 0-15¢m 27.1 1.1 40 .
] 15-30cm 220 197 -23 ns
raing 30-60cm 101 o0 ~1.1 ns
G60-90cm 54 45 -049 ns
Rotation Average of A conc, -1 ns

* All significance tests were calculated using comparison specific contrasts (ESTIMATE statements within PROC MIX
B Pr>|t|. ns-not significant at the a=0.1 level,
" p=005,
™ p=001.
™ p=0001,
it p=01.



Soil & Tillage Research 155 (2016) 371-380

Contents lists available at ScienceDirect oil & Tillage
l‘eﬂe arch

Soil & Tillage Research

journal homepage: www.elsevier.com/locate/still

Long-term tillage, rotation and perennialization effects on particulate @ Crosshiark
and aggregate soil organic matter
Anna M. Cates™*, Matthew D. Ruark®, Janet L. Hedtcke€, Joshua L. Posner®

* University of Wisconsin-Madison, Department of Agronomy, 1575 Linden Dr, Madison, WI 53706, USA
® University of Wisconsin-Madison, Department of Soil Science, 1525 Observatory Dr, Madison, W1 53706, USA
“ West Madison Agricultural Research Station, University of Wisconsin-Madison, 8502 Mineral Point Road, Verona, WI 53593, USA
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Apparent Stability and Subtle Change in Surface
and Subsurface Soil Carbon and Nitrogen under
a Long-Term Fertilizer Gradient
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4. Optimizing fertilizer application

Table 3. Estimated C and N balances for long-term N rate
treatments 1958 to 2010.

Treatment Inputt Removedt Net

MgN ha!

Low N 0.5 2.1 -1.6

Rec. N 7.3 5.2 2.1

High N 13.3 5.6 7.7
Mg C ha'!

Low N 181 82 99

Rec. N 395 180 215

High N 414 188 226

+ Based on fertilizer applications for N, and on stover, belowground
biomass, and rhizodeposition for C, with estimates as follows: harvest
index = 0.5, belowground biomass input to aboveground biomass
production = 0.6, biomass C content = 0.45 (Hay, 1995; Vanotti et al.,
1997; Sinclair, 1998; Amos and Walters, 2006; Johnson et al. 2006).

* Based on grain N and C content, with estimates as follows: grain C
content = 0.45, grain N content = 0.0115, 0.013, and 0.0135 for Low
N, Rec. N, and High N, respectively (Cerrato and Blackmer, 1990).
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Fig. 4. Change in C and N content and C/N ratio over time (1984
2011). Original 1984 values are as reported by Vanotti et al. (1997)
who found significant differences in N content (Low M < Bec. N =
High M, a = 0.05); statistics were not reported for C. Re-analyzed
1984 values are from analysis of archived samples by dry combustion
in 201 3. Valuwes for 2011 are from samples associated with the present
shudy. Differing letters indicate significant differences at the a = 0.1
lewel (applied fo 1984 re-analyzed and 2011 samples only).



Wisconsin Integrated Cropping Systems Trial (WACST)

Chapter 29

Perennial Grasslands Are Essential

for Long Term SOC Storage in the Mollisols
of the North Central USA

Grege B Sanford

(iR Sanford (151}
(Circat Lakes Bioonergy Riescanch Center, 1552 University Ave, Madison, W1 53726, USA

Depariment of Agromomy, University of Wisconsin—Madizon, 1575 Linden Dirive,
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5. Planting perennials
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Microbial composition differs by cropping system
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SOC mechanis _
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. ——p NON-sig

Structural equation models —» Significant negative

predicting SOM storage —p Significant positive

(Rui, Spiesman, et al., in prep) Values over arrows are the standardized
estimates, or the strength of the direct effect

Continuous corn Grazed pasture

N
Litter C:N Microbial community structure Litter C:N Microbial community structure
(POM C:N ratio) 048 (GluN:MurA) 0.16

(POM C:N ratio)

(GIuN:MurA)
J
0.57 0.06 0.72 0.45 0.39
Microbial CUE Oxidative enzyme activities Microbial CUE Oxidative enzyme activities
(CUE) (Phenol oxidase; peroxisade) (CUE) (Phenol oxidase; peroxisade)
h ~ h
0.52 0.16 0.56 0.35
-0.80 \ -0.69 \
Microbial necronfass Microbial necrbmass
accumulation (Totgl AS) accumulation (Tbtal AS)
0.30 0.24
-0.77 0.07
X . | -0.26 & \| 0.75
[ Aliphatic C [ Aliphatic C
1.59 0.36
v
AIC=68.3 AIC=59.0
SOM storage/stability BIC=70.0 SOM storage/stability BIC=60.8
(MAOM-C) Fisher’s C=24.3 (MAOM-C) Fisher’s C=13.0

P=0.333 P=0.877

df =22

df =20



5. Planting perennials
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5. Planting perennials

6. Increasing diversity

A SOC (Mg hatyrl)

Bioenergy cropping systems experiment
2008 — 2013
silt loam - southern Wisconsin
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Soil Biology and Biochemistry 128 (2019) 3544

Contents lists avallable at SclenceDirect

i Soil Biology and Biochemistry
i :

ELSEVIER journal homapage: www.elseviar.com/locate/soilbio

Conversion to bioenergy crops alters the amount and age of microbially-
respired soil carbon

Laura M. Szymanski®*, Gregg R. Sanford™", Katherine A. Heckman®, Randall D. Jackson"*,
FErika Marin-Spiotta®
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5. Planting perennials



Oecologia (2018) 186:565-576
https://doi.org/10.1007/500442-017-4036-8

5. Planting perennials
ECOSYSTEM ECOLOGY - ORIGINAL RESEARCH

6. Increasing diversity

Carbon storage potential increases with increasing ratio of C, to C;
grass cover and soil productivity in restored tallgrass prairies

Brian J. Spiesman' - Herika Kummel® - Randall D. Jackson??
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Rangeland Fcol Manage 67:19-29 | January 2014 | DOI: 10.2111/REM-D-12-00151.1

_ _ 7. Improving grazing management
Livestock Management Strategy Affects Net Ecosystem Carbon Balance of Subhumid

Pasture

Lawrence G. Oates' and Randall D. Jackson®
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What can we do to build SOC?



Some places do, some places don’t

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

Yang et al. 2009 Global Change Biology



Identifying SOC hotspots requires good data & good models
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URL: http://dss.wei.wisc.edu
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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?

Soils still responding to initial soil plow-up
Soil biota not building SOC (C use efficiency)

Arbuscular mycorrhizal fungi (AMF) loss reducing aggregation

B w N

Climate change driving directional SOC change



Solutions

annual perennial

destabilizing climate change stabilizing climate
polluting lakes & streams purifying water
reducing biodiversity mitigating floods

providing habitat
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