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Source areas of N to the Gulf of Mexico

Sub-surface drainage of Agricultural land
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Trends
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Annual Patterns for Corn, Ames, IA

Suggested Solutions:

• Reduce N-fertilizer rates
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10-yr Average Corn Yield and Tile NO3 Loss 
for a Corn/Soybean Rotation
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Other Consequences of Deficit 
Fertilization

• Potential loss of soil organic C and N

1996 - 2005 Field N Balance
Corn - Soybean Rotation
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Results from Other Studies

-11133 N as swine manure, C-S
46160 N as swine manure, CCKarlen et al., 2004
52200 N, C-S, cover crop

2200 N, C-SJaynes et al., unpub.
-150N, CS, no tillHarper et al., 1989
-17200 N, CC
-310 N, CCRobinson et al., 1996

-12.5252 N, C-SHavlin et al., 1990
-21180 N, C-S
-180 N, CCRussell et al., 2005
-33160 N, C-SDrinkwater et al., 1998

soil N change 
(kg/ha/yr)StudyRef.

Suggested Solutions:

• Reduce N-fertilizer rates
• Fine-tune N-fertilizer rates

– Follow University 
recommendations 

EONR
MRTN

PM 2015 April 2006
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N recommendation, corn after soybean, Iowa
$3.50 corn; $0.40 N

Corn Nitrogen Rate Calculator, ISU Extension

Duffy, Where will the Corn Come From? ISU Extension, 2006
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Suggested Solutions:

• Reduce N-fertilizer rates
• Fine-tune N-fertilizer rates

– Follow University recommendations
– Adaptive rates and synchronized timing

Soil sampling

On board sensors

Remote sensing
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Additional Risk to Farmers
LSNT Yield as % of  Non-limiting N Yield
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N Application Timing and Rate

Adjusted rate, split in-season vs. fall
• N loss reduction: -25 to 70%
• Expected long-term reduction: 30%

Adjusted rate, split in-season vs. spring pre-plant
• N loss reduction: -50 to 70% reduction
• Expected long-term reduction: 15%
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Suggested Solutions:

• Reduce N-fertilizer rates
• Fine-tune N-fertilizer rates

– Follow University Recommendations
– Adaptive rates and synchronized timing
– Precision agriculture (spatially variable inputs)

Yield varies over 
space and 

among years
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N-Rate Response by Yield Zone in 2001
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Remote Sensing Guided N Rates
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Suggested Solutions:

• Reduce N-fertilizer rates
• Fine-tune N-fertilizer rates

– Follow University Recommendations
– Adaptive rates and synchronized timing

• Modify tile design and management

Decrease drainage of water (and N)
or

Increase denitrification:

4NO3
- + CH20   facultative 2N2(g) + 5HCO3

- + H+ + 2H2Oheterotrophs

Improved Tile Drainage Design
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Alternative designs for reducing nitrate 
leaching from tiles

conventional deep shallow

drainage water management bioreactor phytoremediation

Denitrification Wall - Results
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Drainage water management

 

• After planting 
• After harvest 

• Before and during 
field operations

Structure closed to hold 
water back when drainage 
not needed

Structure opened for full 
drainage capacity

Graphic from J. Frankenberger

Drainage Volume Comparison
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Nitrate Loading Comparison
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Surface Runoff Comparison
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Tile discharge

Tile NO3 flux
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Data from Kladivko and Jaynes

Annual 
pattern of 
drainage 
and NO3
flux varies 
across the 
Cornbelt

Drainage Management

Drainage Water Management vs. conventional
• N loss reduction: 0 to 75%
• Expected long term reduction: 25%

• Shallow vs. conventional drainage
• N loss reduction: 0 to 75%
• Expected long term reduction: 20%
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Suggested Solutions:

• Reduce N-fertilizer rates
• Fine-tune N-fertilizer rates

– Follow University Recommendations
– Rate and timing
– Precision Agriculture

• Modify tile design and management
• Cover crops and new crop rotations

Fall Cover “Catch” Crop

Row crop



23

Fall Rye Cover Crop - Results
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Cover Crops and Perennials

Fall planted rye vs. no cover crop
• N loss reduction: -20 to 90%
• Expected long term reduction: 50%

Perennial vs. corn/soybean rotation
• N loss reduction: 20 to 90%
• Expected long term reduction: >50%
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Dinnes, Assessment of Practices …, 2004


