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Latitude: 40°N

Latitude: 45°N

Latitude: 43.7°N



Tile: Michigan

• 2.3 million acres

Agricultural

subsurface drainage

• 29% total

cropland is tiled

1992 data

Prepared by Ehsan Ghane.



Why subsurface (tile) drainage?

Near Willmar, MN: Photo taken on June 15, 2016 Photo taken on September 2, 2016



Great Lakes Algal Bloom Status?

• NASA Worldview

https://worldview.earthdata.nasa.gov/?p=geographic&l=VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor,Reference_Labels(hidden),Reference_Features(hidden),Coastlines(hidden)&t=2016-08-04&v=-85.02320820312501,40.8139751953125,-80.80445820312501,42.9299419921875


What can we do?

• Wetland

• Two-stage ditch

• Cover crop

• 4R approach (fertilizer: right place, right time, right rate, right form)

• Drainage Water Recycling

• Saturated buffer

• Drainage water management (Controlled drainage)

• Denitrification Bed (Woodchip bioreactor)



Drainage Water Management

• Main purpose is to reduce nutrient delivery to surface water



Research

• Initiated in 2007

• Four-year applied project
• Seven sites

• (2008-2011)



Treatments





Water Management Zone

• Hardin-NW site (Ohio) Free Drainage

Controlled Drainage



Percent Yield Increase
Water management Zone

6% Increase
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Ghane et al. 2012; J of Soil and Water Conservation



Controlled Drainage

• Found reduced flow (40% to 100%)
• Reduce nutrient loss



Why would DWM be of interest?

• No land is taken out of production

• Low maintenance and requires management

• Reduces nutrient runoff (nitrate load reduction 15%  to 
75%)

• Improves crop yield with proper management and timely 
rainfall



Any Questions So Far?

• Drainage Water Management



1. Denitrification Wall
2. Streambed Bioreactor
3. Denitrification Bed (woodchip bioreactor)

Denitrifying Bioreactors

L. Schipper, U of Waikato, New Zealand



Excess nitrate
Improved 

surface water 
quality

Bacteria
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What’s a Denitrification Bed?

NO3
-N2 Reduced nitrate

Denitrification Bed



Side View: Woodchip Bioreactor
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Construction timeline at Waterman



Non-Darcy flow through woodchips
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Ghane et al. (2014) data:

Darcy’s Law Flow Overestimation
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Galaxy of woodchip bioreactors

Darcy Forchheimer





Results

Woodchip Bioreactor: Waterman site in Ohio
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Why would a Woodchip Bioreactor be of interest?

• Little or no land is taken out of production

• Low maintenance

• Long life (15-20 years)

• Compatible with controlled drainage

• Remove nitrate
• herbicide (atrazine), pesticides, and pathogens?



Subsurface Drainage 
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Results

Phosphorus Removal with the P-filter
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Take Homes

• Long-term crop yield benefit and nutrient reduction from controlled 
drainage

• Denitrification bed (woodchip bioreactor) is effective in nitrate 
removal

• Each should be used in combination with other conservation 
practices
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Thank you

More Questions?


