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Minnesota Corn Yield: 1866 to 2030Minnesota Corn Yield: 1866 to 2030

Source: USDA-NASS



• Yields reported by Minnesota growers in 
NCGA yield contest with common hybrids:

– 2009:  268 bu/acre (Sleepy Eye)

– 2008:  272 bu/acre (St. Cloud - Irrigated)

CornCorn YYield isield is Limited by Agronomic Limited by Agronomic 
ManagementManagement & Growing Conditions& Growing Conditions
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Nitrogen Costs for GrowersNitrogen Costs for Growers

Source: USDA-NASS



Continuous CornContinuous Corn
Optimum N RateOptimum N Rate No N FertilizerNo N Fertilizer





• Many long-term trials have demonstrated the 
benefits of including forage legumes in crop rotations:

– Supplying N for grain crops

– Reducing nitrate leaching potential

– Improving soil structure and tilth

– Reducing soil erosion

– Reducing carbon losses from soil

– Disrupting pest cycles

Rotation Benefits are Enhanced Rotation Benefits are Enhanced 
with Forage Legumeswith Forage Legumes



Alfalfa reduces Alfalfa reduces corn fertilizer corn fertilizer N requirementN requirement, , 

usually usually for for at at least 2 yearsleast 2 years

Data from Mallarino & Pecinovsky, 2006

Non-N rotation effects

N Credit = MRTN(continuous corn) – MRTN(rotated corn)

N credit
(lb N/a)

1st yr after soybean 53
2nd yr after soybean 5

1st yr after alfalfa 190
2nd yr after alfalfa 34

Slide from 
Michael Russelle

(USDA-ARS)



Take advantage of alfalfa N credits with Take advantage of alfalfa N credits with 2 years2 years of cornof corn

Alfalfa N credit guidelines for good stands 
(>4 plants/ft sq) on medium and fine textured soils.

From Matt Yost (U of M)



• Recovers excess soil nitrate-N

• Fixes atmospheric N
(100 to 500 lb/acre/yr)

• Maintains high N concentration
(>2% N in roots and residue)

• Adds N to soil organic matter pool
(50 to 150 lb N/acre/yr)

– Harvest losses

– Stand losses

– Thin root turnover

– Root exudation

How does How does alfalfa provide an N credit to corn?alfalfa provide an N credit to corn?

Slide from 
Michael Russelle

(USDA-ARS)



Data Reported by Growers in Data Reported by Growers in 
WestWest--Central MN from 2007 to 2009Central MN from 2007 to 2009

Data from FINBIN



• Short-term crop rotations without forage legumes 
dominate the Midwest.

– Fertilizers and pesticides are used to augment rotation 
effects.

• Increased input costs for crop production have 
stimulated interest in low-input and organic cropping 
systems. 

– Crop rotation, manure, and mechanical weed control 
are used to reduce or eliminate the need for fertilizers 
and pesticides.

Cropping SystemsCropping Systems



Corn & Soybean Yields (Central Iowa, 2003Corn & Soybean Yields (Central Iowa, 2003--2006)2006)

Yield 
(% of 2-yr
high-input
corn-soy
rotation)

Good weed control.



• Previous experiments have compared low-input 
and organic systems with conventional systems, 
but...

– Most have confounded management system 
with crop rotation.

– Most only last for a few years beyond the initial 
transition years.

Limitations of Previous ResearchLimitations of Previous Research



• 40 acre experiment  established in 1989

• 1959-1988: Corn-soybean rotation 
No synthetic fertilizer or pesticides
Low soil-test P in the fall of 1988

Variable Input Crop Management Systems TrialVariable Input Crop Management Systems Trial
Jeff Coulter, Craig Sheaffer, Don Wyse, Milt Haar, 

Paul Porter, Steve Quiring, & Lee Klossner
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Input

180’ x 100’

• Each crop x rotation x management 
combination is present each year

• 3 replications

• Pattern-tiled clay loam soil



• Zero Input: No external inputs except seed

• Low Input: 
– Banded herbicide & fertilizer (realistic yield goals)

– Less aggressive fall tillage after corn & soybean

• High Input:
– Broadcast herbicide & fertilizer

– Yield goals 10% above expected

• Organic Input:
– Organically managed

– Yield goals 10% above expected

Management StrategiesManagement Strategies



• Zero Input and Organic Input: 
– Delayed corn & soybean planting (avg. 9 days later)

– Rotary hoeing, row cultivation

• Low Input: 
– Banded herbicide, rotary hoeing, row cultivation

• High Input:
– Broadcast herbicide, row cultivation

Weed ManagementWeed Management



• Corn seeding rates increased 

• 2004: Herbicide-tolerant corn and soybean

• 2004: Food-grade soybean

• 2005: Corn rootworm management with soil 
insecticide or near-isoline Bt hybrids

• 2006: Insecticide for soybean aphid

• 2007: Organically-produced corn hybrids

Management Evolved Over TimeManagement Evolved Over Time



• Ignored first 3 years of data – time needed to 
establish the crop rotation background.

• Data set broken into 4-year cycles.

Analysis of Yield DataAnalysis of Yield Data



Corn yield Corn yield -- 1992 to 20071992 to 2007

LSD (0.05)

Crop rotation

Rotation x management: P = 0.001



Corn yield (averaged over rotations) Corn yield (averaged over rotations) 
LSD (0.05)

4-year cycle

Management x 4-year cycle: P = 0.015



Soybean yield Soybean yield -- 1992 to 20071992 to 2007
(averaged over management strategies)(averaged over management strategies)

Rotation: P = 0.001

LSD (0.05)



Soybean yield (averaged over rotations) Soybean yield (averaged over rotations) 

LSD (0.05)

4-year cycle

Management x 4-year cycle: P = 0.005



Cropping systems can also be evaluated based on Cropping systems can also be evaluated based on 
their ability to take advantage of enhanced their ability to take advantage of enhanced 

environmental conditionsenvironmental conditions



Cropping system performance (corn yield) across a Cropping system performance (corn yield) across a 
range of environments (for the 2range of environments (for the 2--year rotation)year rotation)



Cropping system performance (corn yield) across a Cropping system performance (corn yield) across a 
range of environments (for the 4range of environments (for the 4--year rotation)year rotation)



Cropping system performance (soybean yield) across Cropping system performance (soybean yield) across 
a range of environments (for the 2a range of environments (for the 2--year rotation)year rotation)



Cropping system performance (soybean yield) across Cropping system performance (soybean yield) across 
a range of environments (for the 4a range of environments (for the 4--year rotation)year rotation)



• The rotation effect was larger (0 to 41%) as fertilizer and 
pesticide use decreased.

• Across years in the 4-year rotation, no difference in yield 
between high-, low-, and organic-input systems.

• Across years in the 2-year rotation, yield with the high-
input system was 23 and 34% more than that in the low-
input organic systems, respectively.

• Across rotations, yield with organic mgt. was                        
similar to that with high-input mgt. in the                               
last 8 years, but not in the first 8 years.

Summary Summary -- CornCorn



• Yield was 7% higher in the 4-year than 2-year rotation.

• Yield was similar between the low- and high-input 
systems in all 4-year cycles.

• Yield was generally lowest with the zero- and organic-
input systems.

– Estimated 5% yield loss due to 9-day planting delay.

– Estimated 16% lower yield potential of the food grade 
varieties used in the last 4-year cycle.

– Weed competition.

Summary Summary -- SoybeanSoybean



• Systems with enhanced ability to take advantage of 
favorable environmental conditions are desirable.

– High-input system for corn in the 2-year rotation.

– High- and organic-input systems in the 4-year 
rotation.

• But…   the inputs used in a given cropping system 
must pay for themselves over the long run.

Cropping System PerformanceCropping System Performance



15 On15 On--Farm Trials Conducted in 2009 & 2010Farm Trials Conducted in 2009 & 2010

• Evaluated 1st year corn response to N fertilizer after 
termination of an established alfalfa stand.

• No manure or N during alfalfa;                                                       
tillage timing varied with farm

• Alfalfa stands at termination:                                                         
4 to 10 plants/sq ft and 3 to 17”

• Loam to clay loam soils

• 5 trials in 2009; 11 trials in 2010

Michael Russelle, Matt Yost, Jeff Coulter, Craig Sheaffer, & Dan Kaiser



1 of 15 sites responded to N (6 sites shown below)1 of 15 sites responded to N (6 sites shown below)

31 bu with 68-80 lb N



$5.25/bu; $0.45/lb N

31 bu/ac with 
68 to 80 lb N/ac

Economics for the 1 site of 15 that responded to NEconomics for the 1 site of 15 that responded to N
(silty clay loam; 6 plants/sq ft; 6” regrowth; 

4-yr old stand; no manure history) 



• In 1 of 15 site-years on loam to clay loam soils with 
good alfalfa stands, we found a grain yield increase in 
first-year corn with N fertilizer…

– 31 bu/ac with 68 to 80 lb N/ac

– 23 bu/ac with 40 lb N/ac

– 14 bu/ac with 20 lb N/ac

• 11 of these 15 site-years were in 2010, with abundant 
rainfall and above normal N losses.

Economic Risk vs. RewardEconomic Risk vs. Reward



Insurance applications of N for 1Insurance applications of N for 1stst year corn year corn 
on medium and fine textured soils with on medium and fine textured soils with 
good alfalfa stands are hard to justify.good alfalfa stands are hard to justify.
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