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Artificial drainage is essential for crop 

production in much of Indiana 



Drainage lowers the water table (replaces 
water by air in pores) below the root zone.



Drainage provides oxygen 
needed for plant growth, and 
allows roots to grow deep. 

Image: Larry Brown, The Ohio 

State University

Drainage provides 
trafficable 
conditions for field 
operations. 
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About 45% of Indiana soils are naturally poorly drained. 

Poor drainage due to:

• Restricting layers in the soil 
profiles

• Flat topography 

• Lack of an outlet for natural 
drainage

Estimate of drained crop land 



Indiana’s drainage infrastructure is designed to get 
rid of water as quickly as possible



Getting rid of water as quickly as possible leads to 

several issues. 

Issue 1: Downstream flooding

Photo: FEMA Photo Library



Issue 2: Nitrogen and phosphorus in drainage water 

causes algae blooms downstream

Water 

from 

Lake Erie 

during 

toxic 

algae 

bloom

Photo: Tom Bridgeman



Issue 3: Lack of water during dry periods can reduce 
crop yields and streamflow.



All 3 issues are becoming worse, exacerbated by the 
changing climate, and will become more extreme.

• Winter and spring are becoming wetter, 
leading to (1) increased flooding and (2) 
increased nutrient loss 

• Summers are becoming 
hotter with more 
intense rainfall,            
(3) increasing drought 
potential.

Photo: Wikimedia Commons
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What about tomorrow’s challenges?



Storing drained water 
in the landscape addresses all these issues.

Our vision:  The process of designing and implementing 

agricultural drainage will be transformed to include 

water storage and even water recycling.

What can we do?



Transforming Drainage 

addresses drained agricultural 

land across the Midwest. 



Storing drained water in the landscape can 
address all these issues

Multiple benefits include 

• flood damage reduction, 

• water quality improvements

• crop yield increase. 

Where can we store water in 
landscapes like this?



Storing water in the soil: Soil health may increase 
water storage capacity of soils. 

• Increasing soil organic 
matter increases water 
holding capacity.

Image: Wikimedia Commons, Wilsonbriggs Image: NRCS

◼ Cover crops and similar practices may help.



Storing water in wider ditches: 
Two-Stage Ditches



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

The outlet is 

raised after 

harvest to reduce 

nitrate delivery.

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.

After harvest
Before planting 

or harvest
After 

planting



Water Control Structure 

Controlled drainage holds water in the soil, potentially 

storing water for crops and to reduce nutrient loads. 



We evaluated drainage water management 
for 13 years at Davis Purdue Agriculture 
Center (DPAC) in Randolph County 



NW

Controlled

Drainage
NE

SW
SE

Controlled 

Drainage

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



We analyzed 9 years of corn yield and 4 years of 
soybean yield 

• 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.
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load reduction – real 
water quality benefit.
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University of Missouri

Scaling up – How can this work across the Midwest?

A $5 million USDA NIFA-funded Coordinated Agricultural Project

This material is based upon work that is supported by the National Institute of Food and Agriculture, 

U.S. Department of Agriculture, under award number 2015-68007-23193, “Managing Water for 

Increased Resiliency of Drained Agricultural Landscapes”, http://transformingdrainage.org. Any 

opinions, findings, conclusions, or recommendations expressed in this publication are those of the 

author(s) and do not necessarily reflect the view of the U.S. Department of Agriculture.



An integrated project to 
transform drainage

Strengthen and Broaden the Network 

(Researchers, Industry, Contractors, Agencies)



Field Research – Existing, New, Historical 
Sites 



Missouri Site
Research Leader: Kelly Nelson, 

University of Missouri 

Landscape:
➢ Claypan at approx. 24”

Water Management Practices: 
1. Controlled Drainage, Subirrigation

➢ 20’ & 40’ spacing

2. Conventional Drainage, No Irrigation 

➢ 20’ & 40’ spacing

3. No Drainage, Overhead Irrigation

4. No Drainage, No irrigation

Experimental Design:
➢ Split-Plot Design with 4 replications

➢ Main plots: water management treatment     

(150’ x 60-80’ depending on drain 

spacing)

➢ Subplots: crop (corn, soybean) with 

cultivars and fertilizer treatments (30’ x 

20-40’)

Measurements:
➢ Crop yield – 2002 to 2014

➢ Rainfall/Irrigation water use – 2002 to 

2013

➢ Soil organic matter – 2002 to 2012

➢ Soil NO3 , NH4, temperature, water 

content, soil water NO3 (various depths) –

2004 to 2005

➢ Soil N2O Flux – 2004 to 2005

➢ Grain nitrogen – 2006 to 2007

This material is based upon work that is supported by the National Institute of Food and Agriculture, U.S. Department of Agriculture, under award number 2015-68007-23193, “Managing Water for Increased Resiliency of Drained 

Agricultural Landscapes”, http://transformingdrainage.org.  Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not necessarily reflect the view of the U.S. 

Department of Agriculture.

Water Control Structure & Waterer

Drainage Tile Mains

Water Supply

Lat: 39.94  N    

Long: 92.05 W

Transforming Drainage - Site Overview

http://transformingdrainage.org/


Our database now holds 186 site-
years of tile flow data from historic 

and current drainage practices.

Example: 5 years of Nitrate-N at DPAC 

under free and controlled drainage
Example: Reduction of nitrate loss 

due to controlled drainage

Currently working on 

synthesis across sites 



Yield analysis of 8 controlled drainage sites 

spanning IN, OH, MN, MO, IA, and NC 

and representing 18 unique site-years
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Result: Statistically significant yield increase in dry years.



An integrated project to 
transform drainage

Strengthen and Broaden the Network 

(Researchers, Industry, Contractors, Agencies)



Transforming Drainage Project –
Decision Support Tools







Storing water in a pond or reservoir, then 
recycling drainage water back onto fields

Photo: NRCS



New concept: Irrigating nutrient-rich drainage 
water back onto crops

This material is based upon work that is supported by the 

National Institute of Food and Agriculture, U.S. 

Department of Agriculture, under award number 2015-

68007-23193, “Managing Water for Increased Resiliency 

of Drained Agricultural Landscapes

Drainage 

Water 

Recycling



This practice is rare, but there are a few examples.



Corn and 
Soybean 
Digest





We developed a model to evaluate drainage water 
recycling benefits, by combining soil water 
balance and reservoir water balance. 



We evaluated 3 reservoir sizes, average depth 10 feet, 
using drain flow data we measured at Davis Purdue Ag 
Center.

Small             Medium          Large

Drained/Irrigated 
Field Area

2% 6% 10%



Larger reservoir can provide more irrigation water 
(needed in some years).             (Animation by Ben Reinhart)



Reservoirs capture nutrient loads (keeping nutrients 
out of waterways), especially after a dry year



Water flows at the DPAC – Wet year



Water flows at DPAC  – Dry year



Performance of drainage water recycling 
evaluated using two metrics

Nutrient loss reduction

• Percent reduction of annual N or 
P lost from the field

Irrigation

• mm of water applied

• Percent of irrigation demand 
(“desired irrigation”) that was 
available.



• Nitrate load 
reduction –
Indiana site 
(DPAC)

• Nitrate load 
reduction – Iowa 
site  



Indiana site

Irrigation applied (mm) % of irrigation demand

Looking longer term: 10 years of drain flow data
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Analysis by Ben Reinhart

Drought

Will it pay?  



Analysis is freely available in an online tool.





Irrigation can be through a sprinkler, or 
subirrigation But specific site 

properties 

needed:

1. High 

hydraulic 

conductivity

2. Very low 

slope

3. Impermeable 

layer that 

holds up the 

water

Where are 

these found?





We need to use all these opportunities for water storage.



Benefits of Transforming Drainage

• Reduce uncertainty and risk 
related to water availability

• Reduce nutrient losses 
from agricultural fields 



Transforming Drainage 

addresses drained agricultural 

land across the Midwest. 



Extension and Engagement to Transform Drainage

◼ Informative website

TransformingDrainage.org

◼ Links to all project 
outputs

◼ Practice descriptions

◼ Research site overviews

◼ Links to news and social 
media

◼ Regional Extension 
Publications

“Questions and Answers 
About Drainage Water 

Recycling for the Midwest”

◼ Field Days and other 
events throughout the 
region

h
ttp

s
://c

a
fn

r.m
is

s
o

u
ri.e

d
u

/2
0

1
6

/0
1

/k
e

e
p

in
g

-n
u

trie
n

ts
-in

-th
e

-fie
ld

/

http://www.extension.iastate.edu

/article/webinar-address-

common-misconceptions-about-

drainage-and-water-quality



Private Sector Partners in the Network

◼a ◼ Leadership by the 
drainage industry in 
saturated buffer research 
and outreach. 

◼ Iowa Soybean 
Association and other 
commodity groups



(formerly Agricultural Drainage Management Systems Task Force) 

June 3-4, 2020
Fort Wayne, Indiana

Courtyard by Marriott, Ft. Wayne Downtown at Grand Wayne Convention Center

In conjunction with 
North Central Extension and Research Activity 217 – Drainage Design and 

Management Practices to Improve Water Quality
and the Transforming Drainage Project (June 1-2) 

This meeting brings together drainage and conservation professionals in 
industry, state and federal agencies, universities, and private organizations. 

All are welcome to hear the latest research as well as contribute to 
discussions about drainage management and water quality opportunities. 

A new Conservation Drainage Network website will be released in 2020. 
Annual meeting details can also be found at https://transformingdrainage.org/2020-annual-meeting/.

https://transformingdrainage.org/2020-annual-meeting/


MANAGING WATER FOR TOMORROW’S AGRICULTURE

Transforming Drainage

Photo from Dan Jaynes

Thank you! Questions?
Contact information: 

Jane Frankenberger 
frankenb@purdue.edu

http://transformingdrainage.org


