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WICST
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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
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native
(1998) switchgrass CRP

6 spp.
Prairie
25 spp.

4 reps
each phase every year



Core data sets

Management
• agronomic calendars
• field notes/observation
• weather

Productivity
• yields: grain, forage, pasture
• average daily gain (cattle)
• weed biomass (mid-season)

Profitability
• input prices
• elevator prices
• hay auction prices 

Environment 
• spring & fall nitrates
• fall soil fertility
• soil organic carbon (SOC)
• soil archive
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1. Productivity

a. Yields (Posner et al. 2008) 

b. Profitability (Chavas et al. 2009)

c. Yield stability & resilience (Sanford et al., in prep)

2. Environment

a. Soil loss (Hedtcke, unpublished) 

b. Soil quality index (Jokela et al. 2011)

c. SOC change (Sanford et al. 2012) 

d. SOC mechanisms (Rui et al., in prep)

3. Future: Intenisfy, extensify, and relate

a. Sustainable intensification to build SOC (Sanford & Jackson, USDA)

b. Expand inference space (Jackson et al., US DFRC)

c. Feeding models & decision support tools (Kuckarik, Gratton, et al., UW2020)

Outline
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Corn yields (1990-2002)

Normal spring
(May + June ~9” ppt) 

Wet spring
(May + June >10” ppt)

ARL LAC ARL LAC

Cropping system bushel/acre bushel/acre 

CS2: Conventional corn-soybean 173 132 160 137

CS3: Organic corn-soybean-wheat 167 124 115 103

Organic : conventional 96% 94% 72% 76%
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Soybean yields (1990-2002)
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Normal spring
(May + June ~9” ppt) 

Wet spring
(May + June >10” ppt)

ARL LAC ARL LAC

Cropping system bushel/acre bushel/acre

CS2: Conventional corn-soybean 57 53 48 57

CS3: Organic corn-soybean-wheat 54 49 38 44

Organic : conventional 95% 92% 79% 76%

Posner et al. 2008



Grazed heifers performed as well as confined animals
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Grazed heifers performed as well as confined animals



Grazing most profitable WICST system

Chavas et al. 2009
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Energy yields over 26 years
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Yield resistance (observed/predicted)

Organic & Pasture Corn

Corn-Soybean Perennials



Sanford GR, Posner JL, Jackson RD, Kucharik CJ, Hedtcke JL, Lin T-L (2012) Soil carbon lost 
from Mollisols of the North Central U.S.A. with 20 years of agricultural best management 
practices. Agriculture, Ecosystems & Environment 162: 68-76

Cates AM, Ruark MD, Hedtcke JL, Posner JL (2016) Long-term tillage, rotation and 
perennialziation effects on particulate and aggregate soil organic matter. Soil and Tillage 
Research, 155: 371-380

Vereecke L, Silva E (201x) Soil microbial metagenomics in the Wisconsin Integrated 
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effects on soil properties and on a soil quality index Agronomy Journal 103: 1552-1562

Environment



Soil loss (RUSLE2) 
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Cropping 
system 0-5 cm 5-20 cm

Pasture 96 84

All others 87 78

P-value 0.01 >0.05

Soil quality index (SQI)

Jokela et al. 2011

• SOC
• water-stable aggregates
• water holding capacity
• mineralizable N
• microbial biomass C
• bulk density
• water-filled pore space
• soil pH
• soil test P



1-m soil horizon
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Most systems losing soil organic carbon
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C accumulating in surface POM…

19Cates et al. 2016



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

)

m
irg

(3
)

m
irg

(1
)

m
irg

(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)

…and microbial biomass…whose composition differs by cropping system
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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



Polyphenol Oxidase Activity Peroxidase Activity

Higher oxidative enzyme activity in COA
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MAOM MAOM MAOM

CC
Continuous Corn
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Organic Forage

Pasture
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CO2 loss
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Summary of past & current research

Productivity
1. Organic ~ Conventional when weeds controlled
2. Perennials more reliable in drought, annuals in excess
3. Organic and pasture yields have room for improvement

Profitability
1. Organic > Conventional w/ premiums
2. Managed grazing most profitable

Environment
1. Weed management in organic systems resulting in higher soil losses
2. All annual systems losing soil C, perennials holding on
3. Exploring microbial mechanisms for SOC accrual 



Intensify

3:

Future



Extensify

Future



Relate
Future

“Despite its profundity, ‘The Land Ethic’ remains 
principally a literary achievement; the philosophical 
aspiration at its core has not, as Leopold hoped, 
transformed society.” 

(Goldberg & Patz 2015 Lancet)

…care for people cannot be separated from 
care for the land



Problems



Problems
America’s Dairyland



Credit: Mark Hoffman

Problems Consolidation



Credit: Alisa Chang

Problems Abandonment



Problems

Credit: Alan Dooley

Unprofitable



Corn profitability in Northern Crescent
(USDA ERS data)



Problems Efficiency –> Imbalance –> Distribution



Problems Imbalance



Problems

Photo credit: National Weather Service.

Distribution



Problems Eutrophication



Problems Eutrophication



Problems

http://cbbel-in.com

Photo: Gary Sands

Drainage



Problems
Flooding



Problems
Flooding



Problems

Photo: University of Wisconsin-Madison

Flooding



Solutions



Solutions



Solutions
Perennial grasslands should reduce P-loading



Solutions



Solutions



Solutions



Solutions



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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