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Situation 

ÅSubstantial demand for agricultural products 
that are dependent on row-crop production 

ÅIncreased concern and demand for clean water 

ÅSubsurface drainage systems are essential 
for row-crop production in the cornbelt 

ÅUse of subsurface drainage systems 
increases the export of nitrate-N to 
downstream water bodies 
ÅHow can we be more/most effective with 

conservation practice placement? 



Source: USDA-ARS National Laboratory for Agriculture and the Environment 

Estimated Extent of 

Drainage 



From Goolsby et al., 1999 

Nitrate Export 



ÅHypoxia area/Gulf of Mexico 

ïReduce N losses 45% 

ïReduce P losses 45% 

ÅTMDL nitrate/Cedar Rapids 

ïMaximum concentration 9.5 mg/L 

ïReduce losses 35%  
Å10,000 tons/year  

Å5.5 lb N/acre/year 

ïLoad allocation:  92% nonpoint source; 8% 
point source 

Nutrient Loss Reduction 

Goals 



ÅWith the best in-field nitrogen 

management would there still be a 

problem with elevated nitrate-N levels? 

ïMost likely 

ÅElevated nitrate-N levels are more a 

function of the land use and the altered 

hydrology 

Background 



ÅIn-field 

ïN rate 

ïN timing 

ïCover crops 

ïDrainage design and drainage water 

management 

ÅOff-site 

ïTargeted wetland restoration 

ïBioreactors 

 

What can we do? 



In-field Nitrogen Management: 

Opportunities and Challenges  



125 ft

50 ft

Perforated border tile -
drains to remote outlet

Flow monitoring sump
(three drain lines in each sump)

Treatment plot

Plot Sampling Layout 



Flow and sampling set-up 

at Gilmore City site 
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Corn-Soybean Rotation 150/160 lb-N/acre Application Rate

Year-to-Year Variability 



Overall Nitrogen Application Rate Effect on Nitrate-Nitrogen Concentration
for Corn-Soybean Rotation 1990-2004 (not all rates present in each year)

Nitrogen application rate (lb/acre)
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25% Reduction in Concentration
by reducing application rate 
from 150 to 100 lb/acre

Impact of Nitrogen 

Application Rate 



Impact of Application Timing: 

2006-09 

While some potential 

for increased N loss 

with fall N application 

on a monthly basis ï on 

an annual basis no 

statistically significant 

difference 
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Corn Phase
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Annual Nitrate-Nitrogen Concentrations from 

Waseca, MN 

Randall et al., 2003 and Randall et al., 2005 

~21% decrease 

with spring  

application 

~10% increase  

with spring 

application 



Gilmore City Treatments 2001-2004 

Treatment name Nitrogen 

Application Rate 

(lb-N/acre) 

Notes 

Fall Ammonia 150 150  

Spring Ammonia 150 150  

Fall Manure 200*  

Spring Manure 200*  

Fall Manure C&S 150* Manure at 150 lb-N/acre rate was 

applied to both corn and soybeans 

Fall Ammonia 225 225  

Spring Ammonia 225 225  

Note: * Application rates assume 100% nitrogen availability for manure. 

 



Four-year Average Nitrate-Nitrogen Concentrations for 
Treatments at Gilmore City 
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Note: Treatment means with 

different letters above the bar are 

significantly (P<0.05) different  

Note: Manure applications were 200 lb-N/acre to corn for  

Fall and Spring Manure treatments and 150 lb-N/acre to corn and 

Soybeans in the Fall manure C&S treatment 



Winter Cover Crops 



Monthly Nitrate Concentrations for with and without Cover 

Crop Systems for Soybean (06), Corn (07), and Soybean 

(08) 

Month
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Monthly Nitrate Concentrations with and without 

Cover Crop Systems for Corn (06), Soybean(07), 

and Corn(08) Rotation 

Corn
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From Kaspar et al. 



ÅObjectives 

ïConserve soil water, increase yields, reduce 

losses of nutrients and other pollutants via 

drainage (specifically nitrate-nitrogen) 

ÅConcept 

ïWater that would drain out of the soil profile 

under conventional drainage is conserved 

and available to supply evapotranspiration 

requirements of the crop 

Drainage Water Management 





The outlet is raised after 
harvest to reduce nitrate 
delivery during winter.  

The outlet is lowered a few 
weeks before planting and 
harvest to allow the field to 
drain more fully.  

The outlet is raised after 
planting to potentially store 
water for crops. 

Graphics courtesy of Dr. Jane Frankenberger, Purdue University 

Drainage Water Management 



Crawfordsville 

4 ft. tile depth with 

60 ft. spacing 

4 ft. tile depth with 

60 ft. spacing 

2.5 ft. tile depth 

with 40 ft. spacing 



Means within years or for the 3-yr average with a different letter are significantly 

different (p=0.05). 

Drainage (in) 

Treatment 2007 2008 2009 3-Yr Avg. 

Conventional 10.12a 12.1a 15.0a 12.4a 

Drainage Water 
Management 

7.05a 9.13ab 9.72a 8.66b 

Shallow 7.16a 5.63b 9.13a 7.28b 

% Reduction Conv 
vs. DWM 

30 24 35 30 

% Reduction Conv 
vs. Shallow 

29 53 39 41 

Annual Drainage 



Iowa Conservation Reserve 

Enhancement Program 

Wetland Restoration for 
Water Quality Improvement 
in Agricultural Watersheds  


