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TILE DRAINAGE 
RESEARCH IN 

WISCONSIN

Review tile drainage, cropping systems, and 
soils of Wisconsin.

Discuss our on-going efforts with field-level 
measurements through our Discovery Farms 
program.

Water data

Phosphorus data

OUTLINE
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1 dot = 1500 cows

von Keyserlingk et al. 2012

DAIRY COWS IN THE US

~700 milking cows
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MAP OF TILE DRAINAGE IN US

U.S. Census of Agriculture, 1992

DRAINAGE AND COWS

U.S. Census of Agriculture, 1992
U.S. Census of Agriculture, 2007
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DRAINAGE AND SOILS
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WATERSHEDS & DRAINAGE

UW-DISCOVERY FARMS
www.discoveryfarms.org
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Cooperative program between Wisconsin farmers, 
UW-Extension, and UW-Madison

Began in 2001

Mission:
 Develops on-farm research

 Evaluates environmental and economic effects

 Educates and improves communication among the 
agricultural community, researchers, and policy-makers

Run by two co-directors (UW-Extension) and 
Steering Committee (farmer representatives of 
agricultural industry groups in the state).

UW-DISCOVERY FARMS

1. Winter manure application

2. In-field conservation practices

3. Agricultural tile drainage

UW-DISCOVERY FARMS PROGRAMS
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TILE DRAINAGE IN WISCONSIN

We do believe there is has been a dramatic 
increase in tiled fields in the past six years 
(2008 had a lot of flooding).

Most of these fields are likely patterned tiled.

We believe most of the fields in Wisconsin are 
not pattern tiled.

Mostly random tiled, following depressional
areas, or a combination of pattern and 
random.
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Water is free-draining

Here - not so 
much

Hay field in Brown County at the end of September. 

Field Locating Tile
- Crop Growth Patterns -
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BLOWOUTS
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Discovery Farms 
Tile Research (26 

site years)

1 - Kewaunee County
 Two tile line sites (2004 – 2009)

2 - Manitowoc County
 Two tile line sites
 (2004 – 2007, 2007 – 2011)

3 - Waukesha County
 Two tile line sites (2004 – 2009)

STUDY LOCATIONS

1. Kewaunee Co.
 6” ceramic tile
 Random under grass waterways
 Grain cropping, annual manure

2. Manitowoc Co.
 12” cement tile, random
 Grazed pasture

3. Waukesha Co.
 6” PVC, patter & random
 No-till grain, biennial manure
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USGS MONITORING

Methods of Data Collection, Sample 
Processing, and Data Analysis for Edge-of-
Field, Streamgaging, Subsurface-Tile, and 
Meteorological Stations at
Discovery Farms and Pioneer Farm in 
Wisconsin, 2001–7

http://pubs.usgs.gov/of/2008/1015/

Surface and Tile Runoff Under 
Snowmelt Conditions

 Tile flow began before surface flow

 Relative volumes of water flowing in surface and tile were 
similar for this snowmelt period

Surface Water and Tile Runoff
Snowmelt 2005

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

3
/25

/0
5

3
/26

/0
5

3
/27

/0
5

3
/28

/0
5

3
/29

/0
5

3
/30

/0
5

3
/31

/0
5

4
/1/0

5

D
is

c
h

a
rg

e
, c

u
b

ic
 f

e
e

t 
p

er
s

e
c

o
n

d

0

10

20

30

40

50

60

70

A
ir

 T
e

m
p

e
ra

tu
re

, D
e

g
re

e
s

F

Surface-Water Flow

Tile Flow

Air Temperature



1/20/2015

14

Tile Flow Periods

Efficiency of Tile Water Removal



1/20/2015

15

Water Budget

Percentage of total precipitation leaving the landscape as surface water

Farm A Farm B Farm C

Surface runoff 10% 6% 9%

Tile flow 24% 16% 16%

Surface & Tile Nitrogen Loss

Farm A: Chisel plow, injected  Farm B: grazed paddocks  Farm C: no-till, surface
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Tile Surface

Total (lbs/acre) WY05 WY06 WY07 WY05 WY06 WY07

Total Nitrogen 14.6 99.0 35.0 19.5 10.7 3.7

Nitrate 3.2 95.1 34.0 0.2 4.3 2.3

Ammonium 7.1 0.4 <0.1 13.8 0.4 <0.1

Organic Nitrogen 4.3 3.6 0.9 5.5 6.0 1.3

WY = Water Year (October 1 through September 30)

Nitrogen Loss Speciation

Nitrogen Loss Timing and 
Speciation

Nitrate Ammonium Organic Nitrate Ammonium Organic
Farm A 45% 18% 37% 93% 2% 5%
Farm B 20% 38% 41% 50% 18% 32%
Farm C 22% 17% 61% 94% 1% 5%

Nitrogen Speciation
Surface Tile

Farm A: Chisel plow, injected  Farm B: grazed paddocks  Farm C: no-till, surface 

Frozen Non-frozen Frozen Non-frozen
Farm A 57% 43% 52% 48%
Farm B 42% 58% 46% 54%
Farm C 16% 84% 24% 76%

Total Nitrogen
TileSurface
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NITROGEN LOSS SPECIATION

Discovery Farms 
Tile Research (26 

site years)

1 - Kewaunee County
 Grain, annual manure
 56 ppm Bray-P

2 - Manitowoc County
 Grazed pasture
 108 ppm Bray-P

3 - Waukesha County
 No-till, biennial manure
 85 ppm Bray-P
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AND TILE DRAINAGEP

ANNUAL TOTAL PHOSPHORUS 
LOADS

2005 2006 2007 2008 2009

Site Tile Surface Tile Surface Tile Surface Tile Surface Tile Surface

-------------------------------------------------- kg ha-1 --------------------------------------------------

CP1 1.3 1.5 1.3 2.2 0.4 0.5 1.3 2.0

CP2 0.2 1.0 1.3 4.1 0.3 1.9 1.4 1.3

NT 0.4 2.0 0.5 0.9 2.4 6.2

GP 1.1 3.7 2.3 8.7 0.2 3.9

State regulated losses = 6 lb-P / ac / yr (averaged 
across all years of rotation)

mdr3
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mdr3 Seems like a lot of "white space" - can you make font size larger?
Ruark, 4/28/2011
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Site
Bray 
P1 

Tile FW-
TP

Tile TP 
Average         Range

mg kg-1 mg L-1 kg ha-1yr-1

1a 54 0.70 1.19 0.60-1.47

1b 57 0.50 0.91 0.24-1.53

3-NT 85 0.22 1.25 0.49-2.73

2-GP 108 1.31 1.38 0.27-2.63

Soil Test Phosphorus

Eutriphication threshold = 0.1 mg L-1 (ppm)

mdr4

EVENT P CONCENTRATIONS: 
ALL SITES

Surface FW-DRP (mg L-1)
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mdr4 What are you going to say about this data?
Ruark, 4/28/2011
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1Algoazany et al, 2007; 2Eastman et al, 2008; 3Grant et al, 1996; 4Oquist et al, 2007; 5Withers et al, 2009; 

ŧSP; ŧŧselective sampling (weekly and storms)

Location Bray P1 equiv. Tile FW-TP Tile TP

mg kg-1 mg L-1 kg ha-1 yr-1

1a 54 0.70 1.2

1b 57 0.50 0.9

3 85 0.22 1.3

2 108 1.31 1.4

IL1 NA 0.09-0.19ŧ 0.1-0.2ŧ

Quebec2 29 0.30 1.6

Quebec2 58 0.08 0.4

Denmark3 NA 0.02-0.11ŧŧ 0.1-0.6ŧŧ

MN4 NA >0.02 0.1

UK5 42 1.11 1.9

Soil Test Phosphorus

MANURE APPLICATIONS

Potential for disproportionate losses
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10/1/05  4/1/06  10/1/06  4/1/07  10/1/07  4/1/08  10/1/08  

D
R

P
 (

m
g

 L
-1

)

0

5

10

15

20

25

P
re

ci
pi

ta
tio

n 
(c

m
)

0

5

10

15

20

25

30

Surface DRP
Tile DRP
Precip

Manure
Application

Manure
Application



1/20/2015

21

These soils have a lot of macropore flow 
(preferential flow pathways). It is likely that 
the P concentration on the inside of the 
pathways are very high are are quickly 
dissolving (desorbing) into the flowing water.

Or – there’s so much labile P unaffiliated with 
the clay that it can leach out every time it 
rains.

SATURATED MACROPORE THEORY

All of our past efforts have been to quantify.
Which is good – it’s step #1

Now we need to evaluate mitigation methods
1. Agronomic solutions

1. Manure application methods

2. Cover cropping

3. Stop applying P? For how long?

2. Engineering solutions
1. Capturing the P after it gets to the tile drain

WHAT CAN WE DO?
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 In eastern WI we have clay soils, soils with an 
affinity for preferential flow, lots of dairy, high 
STP, and tile drainage.

We can lose a lot of N
We can lose a lot of P
The drivers of N loss are more closely tied to 

management (application of N or manure).
The drivers of P loss are not as closely tied to 

timing of manure application and may be a 
function of the high STP.

As of right now, its not clear what the political 
ramifications are of this, but tile drainage in WI 
is not getting the attention that tile drainage in 
IA, IL, IN, and OH are getting.

SUMMARY

QUESTIONS?
COMMENTS?
CONCERNS?


