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Artificial drainage in the agricultural Midwest

Dahl 1990

Photo credit: Natalie Griffiths

Can we restore ecosystem services by adding floodplains?



Two‐stage ditch floodplains

Two‐Stage DitchConventional Ditch

Drainage pipe
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During high flows: ↓ water velocity,↓ shear stress = greater 
stability  (Powell et al. 2007)

Main channel left intact

Each floodplain is 1‐2.5 x the 
width of the main channel



Potential ecosystem services

Denitrification: 
permanent N removal

Particle settling: retain 
sediment and TP

high flow

low flow

NO3
‐

N2O/N2

organic Canoxia



Potential ecosystem services

Assimilatory uptake: 
temporary removal of N
Mechanism:  turbidity = ↑ 
photosynthesis

Particle settling: retain 
sediment and TP

high flow

low flow

N N



Excess N an important resource concern

Alexander et al. 2008

LUMCON 2011



Study Sites
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1. Shatto Ditch (immediately after construction)

4. Bull Creek (7 years post-construction, fall)

3. Crommer Ditch  (5 years post-construction, fall)

• > 70 % row‐crop 
agriculture

• History of 
conventional ditch 
maintenance

• Abundant 
nutrients

Most extensive 
study on Shatto



Floodplains each 10‐14’ wide
Stream width triples during storms

Original channel

Shatto Ditch ‐ January 2008  flood (2 months post‐construction)



Seasonal patterns at Shatto

9/1/06  
3/1/07  

9/1/07  
3/1/08  

9/1/08  
3/1/09  

9/1/09  

D
en

itr
ifi

ca
tio

n 
R

at
e 

(
g 

N
2O

-N
/m

2 /d
)

0

5

10

15

20

25

30

35

TRT 
CTL 
Floodplain

Roley et al. 2012 Ecological Applications
Floodplain restoration 
date

Sep 06
Nov 06

Feb 07
Apr 0

7
Jun 07

Aug 07
Oct 0

7
Dec 07

Feb 08
Apr 0

8
Jun 08

Aug 08
Oct 0

8
Dec 08

Feb 09

April 
09

June 09
Aug 09

Nov 09

N
 R

em
ov

al
 (g

 N
/d

ay
)

0

200

400

600

800

1000

1200

1400

1600

1800

In-Stream Removal
Bench Removal

be
nc

he
s 

fr
oz

en
flo

od
pl
ai
ns
 fr
oz
en

No effect on in‐stream 
rate; seasonal variation 
(temp, [NO3

‐])

During inundation, N removal 0‐12 times 
higher with floodplains (mean=3x higher)

Floodplain Removal



Controls on floodplain denitrification ‐
vegetation 

Vegetation facilitates 
denitrification response to 
floodplain inundation.

Spring 2010
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Controls on floodplain denitrification ‐
inundation time 

Day 1 Day 2 Day 4
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Within an event:
↑ inundaƟon Ɵme = ↑ denitrificaƟon rate

Mahl et al., in review; Roley et al. 2012 JGR‐Biogeosciences

Floodplain height should be 
low enough to allow regular 
inundation



Approach: 
Convert photosynthesis and 
respiration measurements to 
N uptake
autotrophic (algae)
heterotrophic (bacteria)

Results: autotrophic N uptake 
↑; heterotrophic N uptake 
unchanged

Total assimilatory N uptake 
(autotrophic + heterotrophic) 
unchanged
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Design considerations
B. Floodplain inundation

Bench height (m)
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y= -427x + 229
 r2=0.88, p=0.02*

y = -236x + 119
r2=0.64, p=0.16

Floodplain height (m)

1. Floodplain height – low enough for 
multiple inundation events per year

2. Encourage growth of vegetation

3. Combine with other practices to 
achieve greatest N removal benefit 



Resources for two‐stage ditch design

http://agditches.osu.edu/Publications



Summary

• Floodplains increase N removal via denitrification
• Denitrification optimized with:

– Soil OM
– Length of floodplain inundation
– Presence of established vegetation

• Turbidity and [SRP] reduced by floodplain 
restoration; [NO3

‐] sometimes reduced
• Two‐stage ditch cost‐effective
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