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Drainage pipes
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POORLY DRAINED LAND SUBSURFACE DRAINED 
LAND



Agricultural land benefiting from improved drainage
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Drainage Class: Poor, Very Poor, Poor/Very Poor, Very Poor/Poor
Hydrologic Group: A/D, B/D, C/D, D
Slope: Less than or equal 2

Courtesy of Dan Jaynes, ARS – Ames, IA



Arable Land
450 mil ac

Drainage
(25%)

Subsurface 
Drainage

(9%)

Irrigation
(13%)

World (30% land)

• 11% arable

• 18% irrigated

• % drained ??
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John Johnston was born in Knockknolling, Dalrys, Dumfrieshire, Scotland, on April 11, 1791. He immigrated to the 

United States, landing at New York City in April of 1821. The following year he purchased 112 acres of farmland in 

Seneca County and built a house there, which he called "Viewfields." Later he added several more parcels to the farm, 

bringing the total size to 320 acres.

Due to abundant underground springs in the area, Johnston’s farmland retained a great deal of moisture. Although 

imperceptible on the surface, the excessive water damaged crops over the growing season. Familiar with the use of tile 

drainage in Scotland, Johnston knew of its ability to increase the yield of heavy, wet soils like his. He sent to Scotland for 

two pattern tiles in 1835, which he took to Benjamin F. Whartenby, a maker of crockery, in Waterloo, N.Y. Whartenby

made 3,000 tiles that Johnston laid down on his farm in 1838. The process was so successful that by the time he retired 

from farming he had 72 miles of tile drains on his 320-acre farm. Whartenby continued making tiles, producing 840,000 in 

1849, and Waterloo was home to ten tile drainage factories by 1871.

A prolific writer for newspapers and magazines, 

Johnston promoted tile drainage at every opportunity, even 

traveling to advise other farmers on the technology. 

Because of his ceaseless advocacy he became known as 

―The Father of Tile Drainage‖ in the United States. 

Johnston’s son-in-law Robert Swan also adopted the 

technology for Rose Hill farm, helping to make it the premier 

farm in the state in 1858. Johnston died November 24, 1880 

in his ninetieth year, having changed the course of 

agriculture in the United States.

Source: www.genevahistoricalsociety.com/Johnston.htm





Pre-drainage, 1900 Post-drainage, 1947

Frandson Farm, IA; Images Courtesy of Dan Jaynes, USDA-ARS

Frandson farm today



> 21,000 mi of surface 

drainage works 



Infrastructure

Health

Ag Production



$6.8
$13.3

$100.2
$20.5

$45.5

$4.5

$12.8

Wheat

(15.2 bu/ac)

Corn

(25 bu/ac)

Sunflowers

(508 lb/ac)

Barley

(20.2 bu/ac)

Sugarbeets

(4.7 T/ac)

Dry Beans

(443 lb/ac)

Soybeans

(7.2 bu/ac)

Estimated Economic Impact  

$203,600,000 per year



Spring Wheat









Hydrology
Ecology & 

Habitat

Drainage pipes

or “tile”

Flow to main

or ditch

Water Quality



Blann, K.L., J.L. Anderson, G.R. Sands, and B. Vondracek. 

Effects of Agricultural Drainage on Aquatic Ecosystems: A Review, 

Critical Reviews in Environmental Science and Technology, 39(11) 

909-1001. 2009.



(41%) Ohio/Tennessee
(39%) Upper Mississippi
(1%) Central & Lower Mississippi

(13%) Missouri/Platte
(6%) Arkansas/Red

Hypoxic Zone

Source: USGS Open-File Report 2007-1080



http://www.tpt.org/



From Rabalais et al. (2006)



Area of Mid-Summer Hypoxia
(Dissolved Oxygen < 2 mg/L)



Selman et al, 2008, World Resources Institute 

Over 400 Zones Worldwide
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Tiling Touted as a Partial Solution to Red River Valley Floods —

Minnesota Congressman Collin Peterson says he’s sick of going to flood 

meetings and is determined to fix the water issues within the Red River 

Valley. The answer may include many things, ranging from a diversion to a 

waffle plan. Farmers could also have a unique role. ―I think that one of the 

things that can do us the most good, not only from a water control standpoint, 

but also improving the productivity of the (Red River ) Valley, and that is tiling 

the land in the Valley. If we could tile all the land in the Valley, we would solve 

this problem if you did it right, and you would also, maybe, double production

of the Valley by doing it, but what we’d be talking about is doing tiling that 

would be tied to control structures so that we could control this water if we 

needed to.‖ Low-interest USDA loans were suggested as one way to pay for 

this tiling proposal.   

Red River Farm Network







After agro/tillage considerations:

Avoid - alternative use? Set-aside prog?

Bi-objectional design

Production & Environment

Control/Management of water

Treatment of effluent







Minnesota Drainage Guide, NRCS, 1984



Benefits

Annual Cost

Net Return

Annual Nitrate Loss
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Conventional Drainage Mode

Illustration Courtesy of Dr. Jane Frankenberger

Purdue Extension



Summer Conservation Mode

Illustration Courtesy of Dr. Jane Frankenberger

Purdue Extension



Winter Conservation Mode

Illustration Courtesy of Dr. Jane Frankenberger

Purdue Extension









CONTROL 

ZONE 1

CONTROL 

ZONE 2



33% 0-2% slopes



58% 0-2% slopes
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Thorp et al., 2008

6% Reduction of Nitrates to Gulf 

if 100% Adoption !!







West Management Zone

55 acres

East Management Zone

36 acres

Water Control Structures

Soil Series: Millington loam

Drainage class: Poorly drained

Hydrologic group: B/D



2006 2007
2008-W 

(controlled)

2008-E 

(conv)

Precipitation 

(inches)
24 24 20

Drainage 
(inches)

5.8 2.0 1.5 4.5

TN (lbs/A) 41 3.8 4.4 16.9

NO3-N (lbs/A) 43 3.6 4.3 16.7

NO3-N  

FWMC (mg/L)
10.6 9.96 12.7 10.8

TP (lbs/A) 0.249 0.062 0.053 0.261

TP  FWMC 
(μg/L)

77 210 188 167

OP (lbs/A) - 0.042 0.031 0.237

OP  FWMC 
(mg/L)

- 205 173 133









5’ Soil 

Backfill

Woodchips

Trench bottom 1’ 

Below tile invert

20’ section 

of tile

Length dependent on 

treatment area

Diversion

Structure

Bioreactors

Courtesy of Dr. Richard Cooke, U of IL

Capacity

Control

Structure



Wood 

Chips

Diversion 

Structure

Courtesy of Dr. Richard Cooke, University of Illinois



Bioreactor Data Example - IL
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Courtesy of Dr. Richard Cooke, University of Illinois
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BEFORE
Seven Mile Creek Watershed Project

Brown Nicollet Cottonwood Water 

Quality Board

AFTER

In drained wetlands

Used tile breaks/plugs for hydrology



82% Average Reduction
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Courtesy of Dr. Joel Peterson, 2009





Typical

Rock Inlet

Drop Inlet 

(Standpipe)

Coil Tile Inlet

Rock Weir

Courtesy of Dr. Joel Peterson, 2009





University of Minnesota Extension

www.extension.umn.edu



www.DrainageOutlet.umn.edu





Gary R. Sands

grsands@umn.edu

http://www.DrainageOutlet.umn.edu


