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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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Opportunities for accumulating C are precarious
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Reducing tillage
Applying manure
Using cover crops
Planting perennials

Table 3
S0C mean values by year and depth for WICST overall and by system.*
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. 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

A Mg SOC (ha)*

5. Planting perennials

10-y restored 20-y cropping

grasslands systems
southern Wi









Structural equation models
predicting SOM storage
(Rui, Spiesman, et al., in prep)

Litter C:N

Continuous corn

=—p NOnN-sig

= Significant negative

- Significant positive

Values over arrows are the standardized
estimates, or the strength of the direct effect
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P=0.333 P=0.877
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5. Planting perennials

6. Increasing diversity

A SOC (Mg hatyr?)

Bioenergy cropping systems experiment
2008 — 2013
silt loam - southern Wisconsin
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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??




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®







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



|dentifying SOC hotspots requires good data & good models

Diehl et al., unpublished data






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 is soll 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 w0 e

Climate change driving directional SOC change






Solutions

Outcomes

Socio-technical Landscape

Niche

Current Ag System

Obesity & disease
Abandoned communities
Climate change &
eutrophication

Confinement
livestock production

/ \

Power Power
Input Processors
suppliers & retailers
\ Institutions
Policy
Finance
Knowledge
Graziers
Grazing networks
Academics

Tran.

-

4 Sustainable Ag System )

Healthy people
Healthy communities
Healthy ecosystems

Perennial grassl
agriculture

/ \
Power Power
Farmers Consumers
Institutions
Policy
Finance
Knowledge
Society
Policymakers
Lenders

Decision support




2] oy

cereemy

smartscape URL: http://dss.wei.wisc.edu
decision support system l

|. Stakeholder-driven
landscape design

2~
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Educate &

empower 2
Educate & : Us_e DST output 7 <m>
empower Sustainability \:o inform design

Process

<€—— |dentify gaps

[ll. Knowledge
generation

II. Decision support
Validate models —— tool (DST)

CROP MANAGEMENT M¢

planting date | croptype | hybrid | irigatic
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