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Managing water is key for successful agriculture.



Summer: Drought, crop yield lossSpring: Runoff and nutrient loss

Most years we have too much; sometimes too little.



In the Midwest, we have an impressive drainage infrastructure 
designed to get rid of water as quickly as possible.

Subsurface tile drains Surface drains (ditches)



Drainage lowers the water table to increase aeration.
The water table  divides the saturated zone (where all pore space is filled with 
water), from the unsaturated zone above (pore space includes air). 



Drainage lowers the water table to increase aeration.

Rainfall infiltrates and raises the water table. 

Tile drainage lowers the water table 
to provide oxygen to the plant roots. 
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Alt. Bench Mark: 
FlowLine of Concrete Culvert under US 150
Local Coordinates:
N-5394.18, E-3881.76, Elev-93.63 

Mr. Fred  Farmer
Dec. 17, 1998

GPS Map - as installed
1" = 353'

Bench Mark:
Top of existing concrete culvert
under US Hwy. 150
Local Coordinates:
Northing - 5000
Easting - 5000
Elevation - 100.00'

5" Orange Top Riser

US Hwy 150

 

158'-5"

 

4" Tubing w/  GPS  po int mar kers

5" Tubing w/  GPS  po int mar kers

6" Tubing w/  GPS  po int mar kers

Job Name:
Da te:
Dra wn By :
Type Ma p:
Sca le:

     Cloyd H. Hardin

Old or Exis ting  Til e

Pr oposed Tubi ng

Open  Di tch or  Dra ina ge Wa y

NORTH

GPS Electronic Data and
point coordinates are on
file at H & H Drainage.

Globa l Posit ion ing  Syst em Dat a Po int

Open Ditch/ WaterWay
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455'-5"
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Breather

71.3 acres surveyed,  43.9 acres drained.  Soil Type- Bartle

Breather

? ?

Clay ended 
at Springs

Repaired 4/14/99

Tile Drainage Systems

The drains are spaced at a 
distance that allows 
drainage at a rate 
adequate to support crop 
growth, usually 20 to 100 
feet apart. 



Recently tiled field. 

Photo from Gary Sands



Summer: More drought 
and crop yield loss

Spring: More runoff and 
nutrient loss

Both intensifying as extreme weather increases.
Most years we have too much; sometimes too little.



In the Midwest, we have an impressive drainage infrastructure 
designed to get rid of water as quickly as possible.

Subsurface tile drains Surface drains (ditches)



But is today’s agricultural water management systems 
adequate to address tomorrow’s needs? 

Subsurface tile drains Surface drains (ditches)



Issue 1: Nutrient loss from tile drainage is causing 
issues of national concern. 

n Tile drains greatly increase loss of nitrate to streams.
n Recent research is showing more clearly that 
phosphorus also moves through tiles.

Nitrate
Phosphorus

Water 
from 
Lake Erie 
during 
toxic 
algae 
bloom

Photo: Tom Bridgeman



Issue 2: Despite excess water in spring,  yields are 
often limited by lack of water in late summer.



Some years we have excess water and water shortage in the same year.  

Then too little (July) Too much (June) 



The LEAP district in Lebanon lacks water, so the Indiana Economic Development 
Commission has proposed a 40-mile pipeline from Tippecanoe County.

Background map: https://maps.bing.com

Proposed wells near 
Granville Bridge

Image from https://iedc.in.gov/leap-lebanon

40 mile 
pipeline 
(probable 
route)

Pipeline location from 
https://www.clintoncountytoday.com/state-to-
pump-water-through-clinton-county-to-boone-
county/

This has caused great 
controversy, but no current 
state law addresses.

https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/
https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/
https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/


Two issues; both are expected to be become more 
severe due to future extreme weather

• Excess nutrients in spring will 
increase as winter and spring 
becomes warmer and wetter

• Water availability in late summer 
will decrease with warmer 
summers and increased flashiness 
of precipitation

Photo: Tom 
Bridgeman



Storing drained water in the landscape 
addresses both these issues.



Feedback Form 
on Conservation 

Drainage



Typically, farmers’ goal is to get rid of excess water as quickly as possible.  



But can we instead store water in drained 
landscapes like this? 

Photo: Dan Jaynes

In the field?

In the buffer?

In the ditch?



Conservation Agriculture: Storing water in the soil
Increasing soil health. 
• Increasing soil organic matter can increase water holding capacity.

• But impact is somewhat limited in our high organic matter soil.
Image: Wikimedia Commons, Wilsonbriggs Image: NRCS



Conservation Drainage: Storing water in wider ditches: 
Two-Stage Ditches



Trapezoidal ditches were once the only standard, but they can be 
modified to store water and support aquatic ecosystems.

Photo from A. Ward, Ohio State



Conservation Drainage: Storing water in buffers: 
Saturated buffers

Distribution 
line to saturate 

buffer 

Nitrate
Conventional buffer – 
Nitrate in tiles is not 

treated

Denitrification



Conservation Drainage: Storing water in the field: 
Drainage Water Management, also known as Controlled Drainage

Water control structure added in a main drain

After harvest
Before planting 
or harvest

After 
planting



Water Control Structure 

Storing water in the field:  Controlled drainage



Controlled drainage research at 
Davis Purdue Agriculture Center in Indiana



NW
Controlled
Drainage

NE

SW SE
Controlled 
Drainage

40 acre field divided into 
2 controlled and 2 free draining quadrants



Corn yield over 9 years increased slightly with 
controlled drainage

• Yield measured with yield monitor each year, 
cleaned and processed. Example for 2009:
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Drain flow, nitrate, and phosphorus concentrations 
were monitored in each quadrant.

Above: Water samples from the automated sampler

Right: Analyzing samples in the lab; Inline flow meter
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Conservation Drainage: Storing drained water, and irrigating 
nutrient-rich drainage water back onto crops

Drainage 
Water 
Recycling



Storing water, and applying it when needed = Recycling





Feedback 
Form on 

Conservation 
Drainage





Drainage Water Recycling study at Purdue Agronomy Center 
for Research and Education (ACRE)
led by Laura Bowling, Keith Cherkauer, Shawn Casteel, Dan Quinn, Juan Sesmero

Portion of field 
irrigated

Wetland 
reservoir



Drip irrigation in corn & soybeans, including fertigation 
Will provide information on crop yield, leaching, and water use impacts of 
drainage water recyling. 

Surface drip irrigation has now 
been replaced by subsurface drip. 

(Talk with Shawn Casteel or Dan Quinn for more info.)



Drainage water recycling: Multiple options for implementation

Subirrigation, Excavated pond                     Embankment pond, Sprinkler irrigation
                                                                                        



Drainage water recycling: Multiple options for implementation

Subirrigation, Excavated pond                     Embankment pond, Sprinkler irrigation
                                                                                        



Subirrigation: Adding water to the soil through the tile line. 
(Water source may be a well, pond, or ditch)

Water Source



Transforming Drainage Project 
Multistate drainage research, extension, and education (project now completed)







Tools for deciding on drain spacing



• Optimal spacing depends on the soil hydraulic conductivity and the depth 
to a restricting soil layer. 

• Narrower spacing is needed in soils with low soil hydraulic conductivity or a 
shallow depth to the restricting layer.

Optimal Tile Spacing Depends on Soil  



Find out about 
soils at any 

location through 
the Soil Survey 



http://casoilresource.lawr.ucdavis.edu/gmap/
Another option for the Soil Survey: SoilWeb Apps 

Use it in a web browser, or get the app 
for your phone or tablet. 
(Google Play Store for Android; iTunes 
for iPhone or iPad)

http://casoilresource.lawr.ucdavis.edu/gmap/


Download the app for iPhone or Android: 
SoilWeb App (from California Soil Resource Lab)

Google Play Store for Android; 
iTunes for iPhone or iPad





Soil hydraulic conductivity by depth shows why this soil is 
poorly drained.

Impermeable layer that 
restricts drainage



Drain Spacing Tool – Michigan State University





There is no definitive map of 
drained areas, but the 
“Likely Drained Area Tool” 
provides an estimate of likely 
drained areas in the Midwest

https://transformingdrainage.org/tools
/drained-area-tool/





Based on soil natural 
drainage class, a 
property in the USDA 
NRCS Soil Survey

(Map from 
soilexplorer.net. 
Grey means poorly 
drained, just like the 
soils themselves.)



Estimated drained land by state



Agricultural water management continues to be important.



We have the technology to expand our goals in drainage. 



Goals as we plan drainage systems of the future
• Reduce uncertainty and risk related to 

water availability
• Reduce nutrient losses from 

agricultural fields 

NO3
-





Questions?


