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mReview tile drainage, cropping systems, and

soils of Wisconsin.

mDiscuss our on-going efforts with field-level
measurements through our Discovery Farms

program.
mWater data
mPhosphorus data
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DAIRY COWS IN THE US
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Concentrated Animal Feeding Operations (CAFOS)
and Dairy Farm Concentrations
in the State of Wisconsin
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MAP OF TILE DRAINAGE IN US
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DRAINAGE AND COWS

Percent of Harvest Acres
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Milk Cows - Inventory: 2007

0
Z B o-5 20.1-40
51-10 40.1-60

I 10.1-20 [ 60.1-100

1 Dot = 2,000 Milk Cows

U.S. Census of Agriculture, 2007

U.S. Census of Agriculture, 1992




1/20/2015

ds szh l Soils of Wisconsin
d Source: Seils of Wisconsin

compied by F. D. Hole, 1973;
wisconsin Geological and Natural

History Survey Map
0 30 60 Miles

L5

I A- Soils b
of Western
Dolomite Uplands o -
[ Ap - Prairie Soils ’
=1 B - Soils of
Southeastern Till Uplands ;,T.-
[ Bp- Prairie Soils %,
=1 C - Soils of L] = L
Central Sandy Plains
[ Cp- Prairie Soils
1D - Soils of Western : % -
Sandstone Uplands
I E - Soils of Red Sandy Tills . -
[ F - Soils of Northern
Silty Uplands ‘
B Fp- Prairie Soils ) I e W
w6 Sols of Northern Y L }f‘ i
Till Uplands o !‘,
[ H - Soils of Northern [
Sandy Uplands
[ | - Soils of Red Clay Tills L2
[N J - Wetland Soils

DRAINAGE AND SOILS

Soils of Wisconsin

Percent of Harvest Acres
using Sub-Surface Drainage

o —
‘comgidiy F.0. e, 1413,
hscanen Geckgesl s et
Htiey Survey b

[ 0 60 Miles

0
Bl o-5 20.1-40
51-10 [ 40.1-60
I 10.1-20 [ 60.1- 100

0

Sandy Uplands
1 Sails of Red Clay Tills
- - Wetland Solls.




1/20/2015

WATERSHEDS & DRAINAGE
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UW-DISCOVERY FARMS

www.discoveryfarms.org Prothuartogn | CortactUn) | Navabter Stpetie

DISCOVERY
&) " FARMS Extension

News and Events

- Managing Nitrogen Conference materials are now onlinel
Mirogen Managemen Enter Keywords
Brownfield Ag News Wie are thiilied 10 be one of 47 orgaNZatons o receive 2014 USDA Ganservation

Innovaton Grant. This grant wil allow us to develop a Wisconsin farmer network for
Conference offers managing nutrient use efficiency and waler qualit in pantnership with Mait Ruark and Francisca Additional Search Options
nitrogen tips Ariaga, Assistani Professors of Soil Science at UW-Madison. Tnrough the B Fam Type
Morning Ag Clips development of this network, 40 o more farmers throughout the stale wil learn which
mehos and peralion recods e necessary o complels e nivogen vse eficency | Fam Sz
iscovery Farms f (NUE) assessment Participanis wil leam how to conduct ithelr own NUE H Location
nitrogen assessments, and evaluate the eflectiveness of different cropping practices designed
by Jan Shepel to decrease N loss through leaching or volatiization. You can find more information H Monitoring Type.
Wiscansin State Farmer on our project and other awardees, as well as a press release announcing the

awards, on the USDA's website.

Fall Edition of Discovery
Farms Newsletter View Here

2014 Annual Winter Conference

Wisconsin Winter Melt Time-
lapse Dry Run Creek 2013

©Our mission is to develop on-
farm and related research tn
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UW-DISCOVERY FARMS

mCooperative program between Wisconsin farmers,
UW-Extension, and UW-Madison
mBegan in 2001
m 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 PROGRAMS

1. Winter manure application
2. In-field conservation practices
3. Agricultural tile drainage




Tile Drainage in Wisconsin: DISC@VE-:RY
Understanding and Locating P b

Tile Drainage Systems

Subsurface drainage Is used for agricultural,
residential and Industrial purposes to remove
excess water from poorly drained land. An
important feature statewide, drainage enhances
Wisconsin agricultural systems, especially in
years with high precipitation. Drainage systems
Improve timeliness of field operations, enhance
growing conditions for crop production, increase
crop ylelds on poorly drained solls and reduce
yield variability. In addition to agronomic benefits,
subsurface drainage can Improve soil quality by
decreasing soll erosion and compaction.

To maintain agricultural productivity and protect
water quality, producers, consultants and agency
personnel must understand tile drainage, locate
drainage systems and properly maintain them.

Joe Pagel
Drairage USA

“Once the tiles are located,

nts Showld

The purpose of this

publication is to:

maps and kesp

copies (both electronic and paper) i

v provide information on tile i st aonitid
dralnage systems throughout
Wisconsin an

a Secure file System. Modifications

Systems or the

a of new tilas should also
identified. Your /ocal Land

Conservat

v describe methods to locate
tile drains in the field.

ion Departments should be
able to provide copies of aerial

; ”
photos or base maps.

TILE DRAINAGE IN WISCONSIN

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

mMost of these fields are likely patterned tiled.

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

mMostly random tiled, following depressional
areas, or a combination of pattern and
random.
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Figure 2: Typical eastern
Wisconsin soil profile.

Water ié freé-drain'ing

Medium
}sill surface

material

Fine
glacial

b subsurface
material

Field Locating Tile

- Crop Growth Patterns -

Hay field in Brown County at the end of September.
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Source: USDA-NRCS Web Soil Survey Source: Verma, A.,R. Cooke and L.
Wendte. 1996. Mapping subsurface
drainage systems with color infrared
aerial photographs. In Proc. of the
America Water Resources Association
Symposium on GIS and Water Resources.
AWRA. Ft. Lauderdale, FI.

Tile Drainage in Wisconsin:

Maintaining Tile S e s
Drainage Systems

Tile drains play an important role in Wisconsin's
agricultural production systems. Drains alleviate
saturated soil conditions, maintaining optimal
root zone moisture for plant growth. Saturated
solls can kill or damage crops by depriving roots of
oxygen. Saturated solls also delay field access and
can Increase soll compaction If fields are worked.
Water-logged soils can cause denitrification, the
process where soll bacteria convert nitrate to

thereby decr

Figure 1: Tile oullet with a rodent guard.

e Johnc. Panuska

g
Biological Systerns Engi neering Department,
for plants. Regular maintenance of tile drains is um..,..;!.' B R
an important management practice to ensure Matthew D. Ruatk
Asstsant Professar of Nulrient Mansgeme s,
agricultural productivity on tile-drained land in UW-Dxension Soll Scientist,UW-Madison
e T. Cooley
Wisconsin. Research Coordinator, UW-Discovery Farms.
The purpose of this

publication is to:

" provide information on Inspecting Tile d‘ra;”aje Systems

and maintaining tile drainage shouwld be inspected
systems and anneally, prg/'zraé/y at
" present issues to consider when peak Flow times that
modifying existing tiles or installing :‘ypfca//y occur a't(rfnj
new drains. Sfrinj melt and after

heavy rainfall events.”
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inkhole

Figure 2: Sinkholes caused by tile blowout.

Figure 3: Sequence
of steps forming a
sinkhole from a tile
blowout.

to ruptured drain

Tile Drainage in Wisconsin:
Managing Tile-Drained Landscapes
to Prevent Nutrient Loss

i T

Subwr'acedralnageofagﬂ(dlural land has the ability
to improve ylelds and reduce surface runoff and
erosion losses. However, with a reduction in surface
runoff, more water infiltrates the soil and percolates
through the soll profile. This Is of particular Importance
to farmers, as this water can also transport essential
plant nutrients, specifically nitrogen and phosphorus,
outof the root zone. Once nutrients reach the tile drain,
they have a direct conduit to surface waters.

Tile-drained must be well gedto
reduce the loss of nulrients to surface waters. Nutrient

management practices must be carefully followed to
minimize the risk of nutrient loss and to maximize
fertilizer use efficiency. need
to be taken with manure applications on tile-drained

entry into tile drains.

The purpose of this publication is to:

v provide information on nutrient
management concerns In tile-
drained agricultural landscapes,
and

v/ present management and
freatment practices to reduce the
loss of nutrients from tile systems.
to surface water.

“

Kl T, Cools
Co-Director, UW-Discovery Farms

or of NulHent Manageme l,
Uw-Exdension SollSclentisl, UW-Madison

Johac Panuska
rees Extension Speciali,
Biological Systems Engineering Department,
uw-Madisan

Proper management

of crop netrients on
tile~drained landscapes
is Che Key to redecing
nelrient loss and
Mﬂxr'm/zinj m'z‘ragen
use efficiency.”

10



1/20/2015

Open Crack | Depth (feet

A

Shipitalo etal., 2004

Figure 1. Methylene blue dye flowing
through preferential flow paths in the soil.

Eric Cooley

Figure 3: Cracks in clay soils with high
shrink-swell capacity.
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Discovery Farms
Tile Research (26 .
site years) g7

Surficial deposits of Wisconsin

1 - Kewaunee County

L s ;
S | s 7 oL .‘,_/\ ¥
= Two tile line sites (2004 - 2009) j f,i_.)~—( ;—L Y

2 - Manitowoc County ) ‘r i <~ *ﬁ?ﬂ/ ,C[
- - = ¥4
= Two tile line sites l v {l . J* -
= (2004 - 2007, 2007 - 2011) f"fl_ | Y -+

3 - Waukesha County

— el
= Two tile line sites (2004 - 2009) ol jiT*
L t—l"—(

STUDY LOCATIONS

1. Kewaunee Co.
= 6" ceramic tile

Surficial deposits of Wisconsin

= Random under grass waterways __ &~
= Grain cropping, annual manure ) r—‘[‘ |r 7“ -
2. Manitowoc Co. Sl i,
= 12" cement tile, random A [" 'i‘*ﬁif ;,.«;,ﬂ”
= Grazed pasture -f-‘:‘ ]T:JP_—_L‘* 8
3. Waukesha Co. SR ¢ i g +
= 6" PVC, patter & random ﬁ "{.f g2 *g
* No-till grain, biennial manure, =™ ¢ T

1/20/2015
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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

Surface Water and Tile Runoff
Snowmelt 2005
5 — Surface-Water Flow
o —Tile Flow
g Air Temperature
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= Tile flow began before surface flow

= Relative volumes of water flowing in surface and tile were
similar for this snowmelt period
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Tile Flow Periods

Daily flow comparison at 3 tile sites
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Water Budget

FarmA FarmB Farm C

W Surface Runoff @ Tile Flow

Percentage of total precipitation leaving the landscape as surface water

Farm A Farm B Farm C
Tile flow 24% 16%

Surface & Tile Nitrogen Loss

W Surface Runoff
M@ Tile Flow

Farm A FarmB FarmC
Tile: Tile: Tile:
62 Ibs/acre/year average 10 Ibs/acre/year average 34 Ibs/acre/year average

Surface: Surface:

13 Ibs/acre/year average 3lbs/acre/year average 5lbs/acre/year average

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

1/20/2015
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Nitrogen Loss Speciation

Tile Surface
Total (Ibs/acre) WY05 WY06 WYO07 | WY05 WY06 WYO07
Total Nitrogen 146 99.0 350 | 19.5 10.7 3.7
Nitrate 3.2 951 34.0 0.2 4.3 2.3
Ammonium 71 04 <041 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 Timing and

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

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

Nitrogen Speciation

Surface Tile
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%

1/20/2015
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NITROGEN LOSS SPECIATION
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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

Surficial deposits of Wisconsin

Legend

e ol
— w thire ]
Loam £
i |
- . ¥ "*
Sand and Gravel
Sandy
\ |
o 25 50 00 Miles
o 30 &0 120 Kilomaters.
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AND TILE DRAINAGE

ANNUAL TOTAL PHOSPHORUS
LOADS

2005 2006 2007 2008 2009

Site  Tile Surface  Tile Surface  Tile Surface  Tile Surface  Tile Surface

kg ha!

CP1 13 1.5 1.3 22 0.4 0.5 1.3 2.0

CpP2 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 24 6.2

GP 1.1 3.7 2.3 8.7 0.2 3.9

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

18
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mdr3 Seems like a lot of "white space” - can you make font size larger?
Ruark, 4/28/2011



Imdr4

Soil Test Phosphorus

1a o4 0.70
1b S7 0.50
3-NT 85 0.22
2-GP 108 1.31

Bray Tile FW- Tile TP
Site P1 TP Average Range
mg kg mg L kg ha-lyr?

1.19 0.60-1.47
091 0.24-1.53
1.25 0.49-2.73
1.38 0.27-2.63

Eutriphication threshold = 0.1 mg L1 (ppm)

EVENT P CONCENTRATIONS:

ALL SITES

y=0.29x+0.28
14 {R?*=0.66

Tile FW-DRP (mg L")

°)
° ®
2 [6) o O
s [}
e
0 oo
0 2 4 6 8

1:1

Surface FW-DRP (mg L")

T T T
10 12 14 16

1/20/2015
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mdr4 What are you going to say about this data?
Ruark, 4/28/2011



Soil Test Phosphorus

Location Bray P1 equiv. Tile FW-TP Tile TP
mg kgt mg L1 kg halyr?
1a 54 0.70 1.2
1b 57 0.50 0.9
3 85 0.22 1.3
2 108 1.31 1.4
IL! NA 0.09-0.19¢ 0.1-0.2¢
Quebec? 29 0.30 1.6
Quebec? 58 0.08 0.4
Denmark? NA 0.02-0.11# 0.1-0.6%
MN# NA >0.02 0.1
UK® 42 1.1 1.9

Algoazany et al, 2007; 2Eastman et al, 2008; 3Grant et al, 1996; “Oquist et al, 2007; SWithers et al, 2009;

SP; tselective sampling (weekly and storms)

MANURE APPLICATIONS

25 1 r
20 °
A @ Surface DRP
| Manure ) Manure 10
g 15 1 Application © ;'::CE:)RP Application

15
a 10 | 8
DD: 20
° [$)
51 (6} @ @ ° ‘ k25
. ° ® ) o® © e ’
4 “M‘—.—M’—&H—."—“—.—“—&—’—H* 30
10/1/05 4/1/06 10/1/06 4/1/07 10/1/07 4/1/08 10/1/08

Date

& 4/8/2008 11:40)

Precipitation (cm)
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SATURATED MACROPORE THEORY

mThese 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.

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

WHAT CAN WE DO?

mAll of our past efforts have been to quantify.
= Which is good - it’s step #1
mNow we need to evaluate mitigation methods

1. Agronomic solutions
Manure application methods
Cover cropping
Stop applying P? For how long?
2. Engineering solutions
Capturing the P after it gets to the tile drain

1/20/2015
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SUMMARY

m|nh eastern WI we have clay soils, soils with an
affinity for preferential flow, lots of dairy, high
STP, and tile drainage.

mWe can lose a lot of N

mWe can lose a lot of P

mThe drivers of N loss are more closely tied to
management (application of N or manure).

mThe drivers of P loss are not as closely tied to
timing of manure application and may be a
function of the high STP.

mAs 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.

QUESTIONS?

COMMENTS?
CONCERNS?

1/20/2015
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