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What I will cover 

• background 
– tile drainage and the nitrate problem 

• tools we have available 
– drainage water management 

– constructed wetlands 

– bioreactors 

– saturated riparian buffers 

• limitations 
– landscape 

– social acceptance 

– dollars 

 



Background 
• tile drainage losses 

of nitrate from the 
corn belt are a major 
cause of Gulf of 
Mexico hypoxia 

• also can lead to local 
water quality 
problems 

• what can we do to 
reduce losses? 
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Fraction of county 

From David et al. (2010) 



Patterned tile 
systems 



Embarras River - Camargo 



Embarras River 
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Drainage water management 

This technique has been shown to be reduce water 
and nitrate coming out of a tile line, but where 
does the water go that is held back? 

Stoplogs to adjust water level 



Salt Fork River Watershed 

Free drainage area: 10.5 ha 
Drainage water management area: 22.6 ha 
Typical corn-soybean rotation 
No-till 

Paired field approach 



Well locations in 2012 



Drainage Water Management 
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North tile 

South tile

CornSoybean

Flow control dates:  28 Feb. through 19 April 2011;  27 Jan. through 5 April 2012 

Fate of held back water & nitrate? 

Went from north tile to south tile in 2012 



2013 Well Locations 

Since January 2013 close both tiles, or one then the other 



Skaggs et al. (2012) summary 



Constructed wetlands 

• intercept tile line or water flow path with small 
constructed wetland (0.5 to several ha) 
– bulldoze berm 

• water is retained for hours to days 

• allows for nitrate removal by denitrification 

• usually along side of ditch or stream 

• extensive literature and experience with sewage 
treatment 
– less for agricultural drainage waters 

– Kadlec, R.H. 2012. Constructed marshes for nitrate removal. 
Critical Reviews in Environmental Science and Technology 
42:934-1005. 

 



From Mitsch and Day (2006) 

Tile wetland 



Illinois wetland nitrate removal 

From Kovacic et al. (2000) and new results 
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W.G. Crumpton, Iowa State University 

Iowa Wetlands 

• 1.5 to 7.3 ha 
(3.8 ha avg) 

• depth 0.34 to 
0.78 m 

• 1 to 13 yrs old 

• ratio of 0.34 to 
5.3% 

• tile inlets, plus 
surface runoff 

• 44 to 93% 
rowcrop 

• surrounded by 
buffers 





0

5

10

15

20

25

N
it

ra
te

-N
 (

m
g
 L

-1
)

0

5000

10000

15000

20000

25000

In
fl

o
w

 (
m

3
 d

-1
)

            Jan            Feb            Mar            Apr            May            Jun            Jul            Aug            Sep            Oct            Nov            Dec

0

5

10

15

20

25

N
it

ra
te

-N
 (

m
g

 L
-1
)

0

10000

20000

30000

40000

50000

In
fl

o
w

 (
m

3
 d

-1
)

            Jan            Feb            Mar            Apr            May            Jun            Jul            Aug            Sep            Oct            Nov            Dec

0

5

10

15

20

25

N
it

ra
te

-N
 (

m
g

 L
-1
)

0

5000

10000

15000

20000

25000

In
fl

o
w

 (
m

3
 d

-1
)

              Jan              Feb              Mar              Apr              May              Jun              Jul              Aug              Sep              Oct              Nov              Dec

Residence 
time 

 
 
 
 

Longer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shorter 
 
 
 

Hydraulic 
Loading Rate 

 
 
 

Lower 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Greater 
 
 
 

Inflow concentration 
Outflow concentration 
Flow rate 

W.G. Crumpton, Iowa State University 



What determines effectiveness? 

• hydraulic loading 
– amount of water and nitrate 

– retention time 

• nitrate concentration 

• carbon 

• temperature 

• soils and vegetation 

• microbial populations 



Loading controls % removal 

From Crumpton et al. (2008) 



Retention time and temperature 

From Kadlec (2012) 



Woodchip bioreactors 



Rates of N removal 

• geometric mean of 
3.4 g m-3 d-1 

• range probably due 
to range of nitrate 
concentrations, ages 
carbon stocks, and 
temperature 
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Adapted from Schipper et al. (2010) 



Studies: 
Warneke et al., 2011 
Van Driel et al., 2006 
Robertson  and Merkley, 2009 
Misc point studies 

Roughly, as temperature increases by 10 °C rate increases 2 fold 
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Other factors non-limiting in field studies 



Biophysical Limitations for 
Tile Management 

• too flat for saturated riparian buffers 

• grass buffers being removed along ditches 

• many tile systems cannot retrofit control 
structures 
– outlets are too deep 

– multiple land owners 

• dredge spoil along ditches 
– can’t build a wetland 

 



This area is so flat that… 

- a town is called Flatville,  
        - and rows are long and straight 





Conclusion- Role of denitrification 

• still unknowns, especially 
drainage water management at 
watershed scale 

• landscape limitations 

• social limitations 

• cost limitations 

• certainly could be part of 
solution, but not major part 

 


