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“Extending the rotation”

What?: Diversifying management from year-to-year and place-to-place

Why?: Building and retaining resources

How?: Manipulating crop type, disturbance, nutrients, pests, harvest

Potential benefits:
Farmer - income, soil building, nutrient conservation, pest suppression
Society - communities, climate stabilizing, water quality & quantity, biodiversity

Potential costs:
Farmer - seed, sowing, harvesting, reduced income
Society - infrastructure re-building, compromised fisheries & recreation, etc.
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Cropping system Soil 
disturbance

Nutrient 
inputs

Pest 
mgmt

Harvest 
mgmt

Farm 
profit

Corporate 
profit

Soil 
health Climate Water Biodiversity

c c c c 5-10 8-10 8-10 5-10 5 9 0-3 0-2 0-2 0-3

c s c s 5-10 6-8 6-8 5-10 5 9 0-3 0-3 0-3 0-4

c s/w cl/o c 5-10 5-7 5-7 4-8 4 7 0-5 0-4 0-5 0-4

c a 3-6 2-4 4-7 3-7 5 8 1-6 1-6 1-6 1-4

c o/a a c 4-7 2-4 4-7 4-8 5 7 1-6 1-6 1-6 1-4

pasture 0-2 0-3 0-3 0-10 6-8 2-4 6-8 5-7 5-8 6-8

prairie 0 0 0 0-10 0-2 0-1 10 10 10 10

Land management (relative intensity) Outcomes (relative benefits)



Corn profitability in Northern Crescent
(USDA ERS data)

Outcomes  profitability
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Outcomes  economy



Outcomes  nutrient imbalance

Photo credit: National Weather Service.

photo by Pamela Smith)



Outcomes  nutrient imbalance



Outcomes  impaired water quality



Outcomes  impaired water quality



Outcomes  impaired water quality



Outcomes  flooding



America’s Dairyland

Outcomes  more yield



Outcomes  fewer farms



Credit: Mark Hoffman

Outcomes  consolidation



Credit: Alisa Chang

Outcomes  abandonment



Outcomes  crisis
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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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biomass
(1998) switchgrass

warm-season 
grassland

(6 species)

prairie
(25 species)

4 reps
each phase every yearWICST
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Type Label System Crop Phase Average Yielda

(Mg ha-1)

Average Dry 
Matter Yield

(Mg ha-1)

Primary Tillage 
Equipment

Ave. annual N-P-K Inputs
First-year availableb

(kg ha-1) Sourcec

Grain

c-c-c-c continuous maize corn 11.6 9.8 chisel plow 160-8-35 F

c-s-c-s maize-soybean
corn 12.0 10.1 no-till / strip-till 148-11-42

F
soybean 3.7 3.3 no-till 1-2-22

c-s/w-cl/o-c organic grain
corn 9.5 8.0 chisel plow 0-0-9 / 138-51-66d

F, CPMsoybean  winter wheat 3.3 2.9 chisel plow 0-0-4 / 0-0-55
 clover-oatse 4.1 (2.5) 3.6 (2.5) chisel plow 0-0-0 / 55-19-63

Forage

c-a-a-a conventional forage

corn 13.0 11.0 chisel plow 88-31-160

F, M1
alfalfa 5.8 5.8 chisel plow 100-29-155
alfalfa 11.4 11.4 none 0-1-96
alfalfa 10.1 10.1 none 0-0-108

c-o/a-a-c organic forage
corn 10.6 9.0 chisel plow 71-20-121

F, M1oats  alfalfa 8.5 8.5 chisel plow 85-24-135
alfalfa 11.4 11.4 none 0-0-128

pasture rotationally grazed 
pasture

cool-season grass & 
forbsf 0.84 kg hd-1 d-1 -- none 69-13-103 M2

WICST cropping system details (1993 to 2018)  

a Forage yields reported at 100% dry matter (DM), maize yields at 84.5% DM, soybean yields at 87% DM, and wheat yields at 86.5% DM. Both grain and straw yields (in parentheses) are 
reported for wheat. Yield for the rotationally grazed pasture is represented in average daily gain of dairy heifers (kg head-1 d-1).
b First-year availability accounts for the nutrients released to a growing crop during the same year it is applied only. Manure and other organic forms of nutrients contain more total nutrients than 
are available to the crop in any given year. Legume N credits not included. 
c F = fertilizer (conventional or organic according to system management); CPM = composted pelletized poultry manure; M1 = applied manure; M2 = manure deposited by grazing heifers.
d Between 1993 and 2007 all nutrients for CS3 provided by organically approved fertilizers (e.g. 0-0-50) or N fixed by the green manure crop. Beginning 2008 composted pelletized poultry 
manure added to the corn and wheat phases of the rotation to supply N, P, K, and micronutrients. 
e Between 1993 and 2005 the cover crop was red clover (Trifolium pratense L.) frost-seeded or drilled into winter wheat in early spring; beginning 2006 this changed to a berseem clover 
(Trifolium alexandrinum L.)/oat (Avena sativa L.) mixture planted after wheat harvest. 
f Timothy (Phleum pratense L.), smooth bromegrass (Bromus inermis L.), orchardgrass (Dactylis glomerata L.), red clover (Trifolium pratense L.).  Red clover re-seeded every 2-3 years with 
NT drill.



WICST core data

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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WICST 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 

c-s-c-s (conventional) 173 132 160 137

c-s/w-cl/o-c (organic) 167 124 115 103

organic : conventional 96% 94% 72% 76%

22
Posner et al. 2008



WICST 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

c-s-c-s (conventional) 57 53 48 57

c-s/w-cl/o-c (organic) 54 49 38 44

organic : conventional 95% 92% 79% 76%

Posner et al. 2008
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Energy yields over 26 years

c-c-c-c c-s-c-s c-s/w-cl/o-c

pasturec-o/a-a-cc-a-a-a

Year
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Yield stability and resilience over 26 years

c-c-c-c c-s-c-s pasturec-o/a-a-cc-a-a-a c-c-c-c pasturec-o/a-a-cc-a-a-ac-s/w-cl/o-c c-s-c-s c-s/w-cl/o-c



Scenario 1
Perennial forages, esp grassland > annual grains
Within grains, diversification didn’t pay

Scenario 2
Grassland still best, but grains improved

Scenario 3
Organic grain w/ cover crops as good as grassland and forage, but no 
premium for organic grassland

$ ha-1$ ha-1

c c c c

c s c s

c s/w c s/w

c a

c o/a a c

pasture





Soil loss (RUSLE2) 

29Hedtcke et al., unpublished 

c-c-c-c c-s-c-s pasturec-o/a-a-cc-a-a-ac-s/w-cl/o-c



1-m soil horizon
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Soil carbon (1990-2010)
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Sanford et al. 2012 

c-c-c-c c-s-c-s pasturec-o/a-a-cc-a-a-ac-s/w-cl/o-c



Young people are excited about grass-fed farming!
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Clover
Oats

Rye

Winter wheat

Winter wheat
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Soil C

Cash crop yield

Weed suppression

Nitrogen retention

Erosion prevention

Cover crop biomass

B
en

ef
it





Ecological intensification at WICST

c-c-c-c c-s-c-s c-s/w-cl/o-c



Summary  discussion

wicst.wisc.edu

1. Extending rotations with cover crops can be tricky
Establishment & efficacy is highly variable

2. Perennial grasslands check sustainability boxes
Why don’t we do more of it?
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