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Quantifying Phosphorus Loses From Quantifying Phosphorus Loses From 
Agricultural FieldsAgricultural Fields

nn Overall objective:Overall objective:
–– To estimate runoff, soil loss and phosphorus loss from To estimate runoff, soil loss and phosphorus loss from 

agricultural fields with complex topography and use the agricultural fields with complex topography and use the 
results to inform farmers and policy makersresults to inform farmers and policy makers

nn Outline:Outline:
–– IntroductionIntroduction
–– ResearchResearch
–– ExtensionExtension
–– EducationEducation
–– ConclusionsConclusions
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ResearchResearch
•• MonitoringMonitoring

5 farms5 farms
3 crop types3 crop types
3 tillage types3 tillage types
44--13% slopes13% slopes
storms/snowmeltstorms/snowmelt
2 filter strips2 filter strips
Runoff, sediment, PRunoff, sediment, P

•• ModelingModeling
PALMSPALMS
Runoff, sediment, PRunoff, sediment, P
DrainageDrainage

ExtensionExtension
•• WiscWisc. Buffer Initiative. Buffer Initiative

WBI Advisory BoardWBI Advisory Board
15, 115, 1--day mtgs. in 3 yrs.day mtgs. in 3 yrs.

Address nonAddress non--pt. pollutionpt. pollution
in Wisconsinin Wisconsin

•• Validation of RUSLE2 &Validation of RUSLE2 &
Wisconsin PWisconsin P--IndexIndex

•• Discovery FarmsDiscovery Farms
•• Filter strip recs. to NRCSFilter strip recs. to NRCS
•• Economic analysis of Economic analysis of 

filter strips filter strips vsvs uplandupland
practices to meet PIpractices to meet PI

•• Preliminary drainPreliminary drain--tiletile
resultsresults

EducationEducation
•• Graduate Graduate EducEduc..

Graduate moduleGraduate module
for watersheds for watersheds 
course course –– PALMSPALMS
handshands--on workon work

•• 2 Ph.D. students2 Ph.D. students
•• Student tours ofStudent tours of

facilitiesfacilities
•• Lectures on nonLectures on non--

point pollution inpoint pollution in
3 undergraduate3 undergraduate
coursescourses

Funding:  CSREES Funding:  CSREES …………………………....$548,000$548,000
WDNR, NRCS, UW WDNR, NRCS, UW ……$877,000$877,000
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Site Crop Texture Slope OM Bray P Total P Cont. Area
(%) (%) (mg/kg) (mg/kg) (acre)

Arlington corn, corn, soybeans silt loam 8 4.6 68 647 0.08
Bragger E alfalfa, corn, alfalfa silt loam 13 3.8 62 646 2.00
Bragger W corn, alfalfa, alfalfa silt loam 7 3.9 97 608 0.32
Knigge 1 corn, soy, corn clay loam 5 2.9 29 442 0.08
Knigge 2 tall grass buffer loam 5 2.8 19 391 0.10
Koepke E alfalfa, alfalfa, corn loam 8 4.3 128 864 0.12
Koepke W alfalfa, alfalfa, corn loam 8 4.3 110 846 0.20
Opitz 1 corn, alfalfa, alfalfa sandy clay loam 10 2.8 64 566 0.25
Opitz 2 tall grass buffer sandy clay loam 4 3.8 89 608 0.27

AR6        
BRE
BRW
KN1
KN2
KP1
KP2
OP1
OP2

Background Information on FarmsBackground Information on Farms
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Five farms throughout
Wisconsin used in
this study 
(Wisconsin Discovery
Farms Program)

> 469 site-collector events
of runoff from 5 farms
during 6/03 – 11/06
(see map)

18 (13)

93 (71)

40 (27)

45 (45)

81 (36)
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Instrumentation for Measuring Runoff, Sediment and Instrumentation for Measuring Runoff, Sediment and 
Chemical Losses from Agricultural FieldsChemical Losses from Agricultural Fields

nn Requirements:Requirements:
–– Measurements where there is no source of power Measurements where there is no source of power 
–– Remote locations on operation farmsRemote locations on operation farms
–– Measures nearest to discharge outlet as possibleMeasures nearest to discharge outlet as possible

where slopes are smallwhere slopes are small
–– Contributing areas about 0.5 acre Contributing areas about 0.5 acre (0.2 ha)(0.2 ha)

–– Total runoff/chemical sediment losses per eventTotal runoff/chemical sediment losses per event

nn Acknowledgment: Acknowledgment: 
–– Daniel Yoder, University of TennesseeDaniel Yoder, University of Tennessee
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collector

Flow divisor

Solar panel 
for pump

Weather station



CollectorCollector

5.5 m (18 ft)5.5 m (18 ft)

0.6 m (2 ft)0.6 m (2 ft)

2.6 m (8 ft)2.6 m (8 ft)
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12-slots: 5 gal/s (0.02 m3/s )
24-slots:    1.7 gal/s (0.006 m3/s)
Collected:  35 gal (0.13 m3)
Sampled:   140,000 gal (540 m3)

UWUW--Soils Soils –– Norman 2007Norman 2007

Flow Divisor



Measurement System



Bragger
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Bragger
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Opitz
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Knigge
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Opitz
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Winter conditions to catch snowWinter conditions to catch snow--meltmelt

Alfalfa

Corn



Contributing areaContributing area

5 Sites: 0.1 to 2 acres5 Sites: 0.1 to 2 acres
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Comparing Sediment Losses from SnowComparing Sediment Losses from Snow--Melt and Melt and 
Storm EventsStorm Events

UWUW--Soils Soils –– Norman 2006Norman 2006

Sediment Loss 
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Filter Strip Effectiveness Filter Strip Effectiveness 
at Edge of Fieldat Edge of Field

nn Filter strip on Field Filter strip on Field 
OP1/OP2 OP1/OP2 (55% sand)(55% sand)

nn Filter strip on Field Filter strip on Field 
KN1/KN2 KN1/KN2 (32% clay)(32% clay)

UWUW--Soils Soils –– Norman 2004Norman 2004

BufferBuffer



Filter Strip EffectivenessFilter Strip Effectiveness

72720.900.9068681.31.37979500500
SnowmeltSnowmelt
OP1/OP2OP1/OP2

--8208200.010.01--6506500.040.04--9609603131
SnowmeltSnowmelt
KN1/KN2KN1/KN2

20200.700.7060607.47.4525218,00018,000
RainfallRainfall
OP1/OP2OP1/OP2

58580.030.0363630.0400.04084841,0411,041
RainfallRainfall
KN1/KN2KN1/KN2

%%
capturedcaptured

DRPDRP
InputInput
(lb/ac)(lb/ac)

%%
capturedcaptured
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InputInput
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%%
capturecapture
dd
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Remove the largest event (8000 lb/ac) and becomes 76%



ResearchResearch

nn PALMS PALMS 
–– Runoff, sediment loss & erosion predictionsRunoff, sediment loss & erosion predictions
–– Phosphorus loss predictionsPhosphorus loss predictions

nn ParticulateParticulate
nn DissolvedDissolved

–– Buffer effectivenessBuffer effectiveness
nn Phosphorus leaching subPhosphorus leaching sub--modelmodel

–– Currently no P leaching modelsCurrently no P leaching models
–– We have begun work on P leaching subWe have begun work on P leaching sub--model model 

based on water soluble P measurements in soil based on water soluble P measurements in soil 
and manureand manure

Modeling



Comparing Measured Runoff and Comparing Measured Runoff and 
Sediment losses With Model Estimates Sediment losses With Model Estimates 
From PALMSFrom PALMS

UWUW--Soils Soils –– Norman 2007Norman 2007

Site 1 Site 2 Site 3
n 46 site events (year 2004)
n Runoff sampled = 183 m3 (48,300 gal)
n Sediment sampled = 2,447 kg (2.7 tons)
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phosphorus loss for KN1

June 10

June 10
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Entire set 39.5 0.96 4.2 0.97
w/o June 10 event 26.9 0.31 3.8 0.34
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Comparing Measured Sediment and PComparing Measured Sediment and P--
Capture of Filter Strip with PALMS Model Capture of Filter Strip with PALMS Model 
EstimatesEstimates

nn Preliminary comparison between PALMS Preliminary comparison between PALMS 
predictions of buffer effectiveness and predictions of buffer effectiveness and 
measurementsmeasurements

UWUW--Soils Soils –– Norman 2007Norman 2007

% Captured% Captured
OP FarmOP Farm KN FarmKN Farm

PALMSPALMS MeasuredMeasured PALMSPALMS MeasuredMeasured

SedimentSediment 3333 5252 5858 8484

Dissolved PDissolved P 00 2020 7272 5858

Total PTotal P 3232 6060 4141 6363



ResearchResearch

nn PALMS PALMS 
–– Runoff, sediment loss & erosion predictionsRunoff, sediment loss & erosion predictions
–– Phosphorus loss predictionsPhosphorus loss predictions

nn ParticulateParticulate
nn DissolvedDissolved

–– Buffer effectivenessBuffer effectiveness
nn Phosphorus leaching subPhosphorus leaching sub--modelmodel

–– Currently no P leaching modelsCurrently no P leaching models
–– We have begun work on P leaching subWe have begun work on P leaching sub--model model 

based on water soluble P measurements in soil based on water soluble P measurements in soil 
and manureand manure

Modeling
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ResearchResearch
•• MonitoringMonitoring

5 farms5 farms
3 crop types3 crop types
3 tillage types3 tillage types
44--13% slopes13% slopes
storms/snowmeltstorms/snowmelt
2 filter strips2 filter strips
Runoff, sediment, PRunoff, sediment, P

•• ModelingModeling
PALMSPALMS
Runoff, sediment, PRunoff, sediment, P
DrainageDrainage

ExtensionExtension
•• WiscWisc. Buffer Initiative. Buffer Initiative

WBI Advisory BoardWBI Advisory Board
15, 115, 1--day mtgs. in 3 yrs.day mtgs. in 3 yrs.

Address nonAddress non--pt. pollutionpt. pollution
in Wisconsinin Wisconsin

•• Validation of RUSLE2 &Validation of RUSLE2 &
Wisconsin PWisconsin P--IndexIndex

•• Discovery FarmsDiscovery Farms
•• Filter strip recs. to NRCSFilter strip recs. to NRCS
•• Economic analysis of Economic analysis of 

filter strips filter strips vsvs uplandupland
practices to meet PIpractices to meet PI

•• Preliminary drainPreliminary drain--tiletile
resultsresults

EducationEducation
•• Graduate Graduate EducEduc..

Graduate moduleGraduate module
for watersheds for watersheds 
course course –– PALMSPALMS
handshands--on workon work

•• 2 Ph.D. students2 Ph.D. students
•• Student tours ofStudent tours of

facilitiesfacilities
•• Lectures on nonLectures on non--

point pollution inpoint pollution in
3 undergraduate3 undergraduate
coursescourses



The Wisconsin Buffer Initiative
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Agencies
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Wisconsin Buffer Initiative

FINDINGS 
AND 

RECOMMENDATIONS

Made to the 
Wisconsin Natural Resources Board

Febuary 22, 2006

CHARGE: Based on “the best and most complete available 
science” where are riparian buffers most needed across 
the diverse Wisconsin landscape in order to enhance or 
protect water quality in the most effective and efficient 

manner?



Validation of RUSLE2 

Annual Sediment Yields, 2004
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Validation of Wisc. P-Index

P Index and Measured P Yields, 2004
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Recommendations to NRCS

Placement and Configuration of  Conservation System Including Buffer

Bare soil runoff 
is concentrated

Grassed waterway runoff
is more diffuse, but still

not sufficient

Situations where upland treatments  
are not sufficient to solve runoff 

problems



Recommendations to the NRCS

Placement and Configuration of  Buffers

• Simple “ribbon” buffers may not capture sediments
• Modify existing design criteria to incorporate contributing area

into buffer design

5 m

CA/contour length(m3) >

400 m3

50 m3

100 ft ribbon
buffer

Engineered
buffers



Economics of Using Tillage Economics of Using Tillage vsvs Filter Filter 
Strips to meet Strips to meet ““TT”” and Pand P--IndexIndex

Test Case Farm
Daily-haul dairy farm (60 milking cows)
2100 tons solid dairy manure per year
2 years of corn silage followed by oats 
seeded with alfalfa and 3                             
years of hay
Spring chisel plowing
126 acres, 4-13% slopes

00220220
(tons)(tons)

00SurplusSurplus
manuremanure

2244 (<6)(<6)10 10 (>6)(>6)PP--IndexIndex

0013.513.500Acres inAcres in
FilterFilter

00998888Acres Acres 
Over Over ““TT””

WithWith
NoNo--tilltill

w/Filterw/Filter
stripsstrips

Farm Farm 
As isAs is

Upland practices more economical



Preliminary Results on P Loss in Preliminary Results on P Loss in Drain TilesDrain Tiles
Compared to P Loss With RunoffCompared to P Loss With Runoff

UWUW--Soils Soils –– Norman 2007Norman 2007

nn Drain tiles monitored in 2006 on noDrain tiles monitored in 2006 on no--till field of corntill field of corn
nn Approximate TP loss from drain tiles during growing Approximate TP loss from drain tiles during growing 

seasonseason
–– ~ 2 ~ 2 –– 3 lb P/ac/yr3 lb P/ac/yr

nn Measured loss with runoffMeasured loss with runoff
–– 0.2 lb P/ac/yr0.2 lb P/ac/yr

nn Ten times as much total phosphorus Ten times as much total phosphorus 
exits by way of the drain tile than with exits by way of the drain tile than with 
runoff.runoff.
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ResearchResearch
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5 farms5 farms
3 crop types3 crop types
3 tillage types3 tillage types
44--13% slopes13% slopes
storms/snowmeltstorms/snowmelt
2 filter strips2 filter strips
Runoff, sediment, PRunoff, sediment, P

•• ModelingModeling
PALMSPALMS
Runoff, sediment, PRunoff, sediment, P
DrainageDrainage

ExtensionExtension
•• WiscWisc. Buffer Initiative. Buffer Initiative

WBI Advisory BoardWBI Advisory Board
15, 115, 1--day mtgs. in 3 yrs.day mtgs. in 3 yrs.

Address nonAddress non--pt. pollutionpt. pollution
in Wisconsinin Wisconsin

•• Validation of RUSLE2 &Validation of RUSLE2 &
Wisconsin PWisconsin P--IndexIndex

•• Discovery FarmsDiscovery Farms
•• Filter strip recs. to NRCSFilter strip recs. to NRCS
•• Economic analysis of Economic analysis of 

filter strips filter strips vsvs uplandupland
practices to meet PIpractices to meet PI

•• Preliminary drainPreliminary drain--tiletile
resultsresults

EducationEducation
•• Graduate Graduate EducEduc..

Graduate moduleGraduate module
for watersheds for watersheds 
course course –– PALMSPALMS
handshands--on workon work

•• 2 Ph.D. students2 Ph.D. students
•• Student tours ofStudent tours of

facilitiesfacilities
•• Lectures on nonLectures on non--

point pollution inpoint pollution in
3 undergraduate3 undergraduate
coursescourses



Major ConclusionsMajor Conclusions

UWUW--Soils Soils –– Norman 2007Norman 2007

nn Leveraging original $548k grant with additional $877k meant Leveraging original $548k grant with additional $877k meant 
working on 5 farms instead of 1 farm, & adding 2 filter strip working on 5 farms instead of 1 farm, & adding 2 filter strip 
experiments (experiments (469 site469 site--eventsevents).).

nn Fundamental model development (PALMS) was successful and Fundamental model development (PALMS) was successful and 
extended results for runoff, sediment and P losses.extended results for runoff, sediment and P losses.

nn Adding WBI to objectives expanded outreach so results are Adding WBI to objectives expanded outreach so results are 
influencing how Wisconsin regulates P and sediment.influencing how Wisconsin regulates P and sediment.
–– Validation of RUSLE2/PValidation of RUSLE2/P--Index helps provide tool for farmers & Index helps provide tool for farmers & 

policy makers.policy makers.
–– Upland practices more effective than filter strips at reducing PUpland practices more effective than filter strips at reducing P & & 

sediment losses.sediment losses.
–– Recommended method to customize filter strips to reduce areaRecommended method to customize filter strips to reduce area

nn Teaching module developed for handsTeaching module developed for hands--on experience for on experience for 
graduate students at the power of process models. graduate students at the power of process models. 




