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OBJECTIVESOBJECTIVES
1.1. Examine spatial patterns of runoff generation Examine spatial patterns of runoff generation 

and sediment movement on fields managed and sediment movement on fields managed 
under different tillage and cropping systems.under different tillage and cropping systems.
–– Variable source area conceptsVariable source area concepts
–– Modeling implications (WEPP)Modeling implications (WEPP)

2.2. Deduce temporal patterns of erosion Deduce temporal patterns of erosion 
produced by rillproduced by rill--interrillinterrill sediment movement sediment movement 
and contrast with total area degraded.and contrast with total area degraded.
–– Origin of sediments from surface detachment or rill Origin of sediments from surface detachment or rill 

formation.formation.
–– IntrastormIntrastorm detachment and transport processes.detachment and transport processes.



METHODSMETHODS
•• NaturallyNaturally--occurring and fallout occurring and fallout radionuclidesradionuclides

–– 77Be, Be, 137137Cs, Cs, 210210PbPb
–– radioactivity measured with gamma spectrometersradioactivity measured with gamma spectrometers
–– strong affinity for soil bondingstrong affinity for soil bonding
–– differentiable signaturesdifferentiable signatures in soil profiles due to in soil profiles due to tt1/21/2

–– low plant uptake and uniform distribution (low plant uptake and uniform distribution (assumedassumed))

•• Lanthanide group of rare earth elements (Lanthanide group of rare earth elements (REEsREEs))
–– measured in sediments using ICP Mass Spectrometry measured in sediments using ICP Mass Spectrometry 

and acidand acid--digestion (Zhang et al, 2001)digestion (Zhang et al, 2001)
–– physicophysico--chemically stabilechemically stabile
–– low background in soils and low plant uptakelow background in soils and low plant uptake
–– differentiable signatures (atomic numbers 58differentiable signatures (atomic numbers 58--71)71)



RESEARCH STATION SITESRESEARCH STATION SITES

Raingage

Raingage

Raingage

UP AND DOWN SLOPE TILLAGE

CONTOUR TILLAGE



RUNOFF DATA COLLECTIONRUNOFF DATA COLLECTION



•• Batch soil preparation method (Zhang Batch soil preparation method (Zhang et alet al. 2001, 2003). 2001, 2003)

• Three Rare Earth Element (REE) oxide tracers mixed 
with Plano silt loam soil from study sites
– REEs mixed in powderized form, then wetted for bonding.

– Gd2O3        Pr6O11 Nd2O3

REE REE METHODS andMETHODS and PROCEDUREPROCEDURE

2 grams 
sediment

2 hr @ 85 °C

Nitric 
acid+ H2O2 (30%) + HCl

2 hr @ 85 °C
After 24 hr

• Filter

• Elute with DI water

• ICP-MS by UW Soil and 
Plant Analysis Laboratory



REE FIELD APPLICATIONREE FIELD APPLICATION

0.310.451.98AR803 Jun 2006

mg kg-1mg kg-1mg kg-1Site

0.340.271.59MEAN

0.220.341.43AR703 Jun 2006

0.200.291.31AR203 Jun 2006

0.250.381.64AR103 Jun 2006

GdPrNd

4.376.3639.47

13x24x25x

3.668.9943.81

4.484.1848.30

4.315.3023.91

5.027.0041.88

mg kg-1mg kg-1mg kg-1

GdPrNd

Table. Rare-earth element background and post-application levels.



GENERALIZED RESEARCH PLOTGENERALIZED RESEARCH PLOT

7Be

Gd
D50 = 2.19 µm
sg = 7.41

Pr
D50 = 16.38 µm
sg = 6.83

Nd
D50 = 3.65 µm
sg = 7.24



RAINFALL EVENT SUMMARYRAINFALL EVENT SUMMARY

Table. Rainfall Event Summary (2005-2006)

11871.100.700.282.431.700.67200620 July

1910.360.520.212.131.120.44200626 Jun

767452.141.030.415.425.592.20200625 Jun

8350.981.830.720.751.370.54200526 Jun

1.340.530.380.510.20200523 Jun

266161.602.621.030.982.571.01200520 Jun

SIEnglishcm/hrin/hrhrcmin

ErosivityI30IntensityDurationDepthYearDate



RAINFALL EVENT SUMMARYRAINFALL EVENT SUMMARY

Table. Rainfall Event Summary (2005-2006)
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RUNOFF/PONDING SENSORSRUNOFF/PONDING SENSORS
25 June 2006   Up-Down Tillage (CS)



ON
OFF

SENSOR STATUS

REE 
SEGMENTS

Top (Gd)

Middle (Pr)

Bottom (Nd)

S
LO

P
E

8:58 9:20 9:21

20 July 2005   Up-Down Tillage (CS)

RUNOFF/PONDING SENSORS (cont.)RUNOFF/PONDING SENSORS (cont.)



ON
OFF

SENSOR STATUS

9:41 9:52 9:59
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E

RUNOFF/PONDING SENSORS (cont.)RUNOFF/PONDING SENSORS (cont.)

Top (Gd)

Middle (Pr)

Bottom (Nd)

20 July 2005   Up-Down Tillage (CS)
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R2 = 0.86
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Zhang, X.C., M.A. Nearing, V.O. 
Polyakov, and J.M. Friedrich. 2003. 
Using rare earth oxide tracers for 
studying soil erosion dynamics. Soil 
Science Society of America Journal
67(1):279-288.

Polyakov, V.O. and M. A. Nearing. 
2004. Rare earth element oxides for 
tracing sediment movement. 
Catena 55(3):255-276. 



UP-DOWN TILLAGE (CS) – June 20, 2005
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UP-DOWN TILLAGE (CS) – June 26, 2005
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CONTOUR TILLAGE (CS) – June 26, 2005
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SUMMARYSUMMARY
• Linking radiometric, REE and runoff 

sensor approaches provides intrastorm
insight to sediment delivery processes.
– Distinguishing the “where, when, and 

how” of erosion generation in a small-
scale study.

• Approach works very well to collect 
model calibration data.
– Limitation: 7Be signature is “reset” for 

each storm, but REE signature is not.



NEXT STEPSNEXT STEPS
• Continue into third year of data collection.

– Up-Down tillage on corn silage (lower 
residue) and corn grain (higher residue)

– Contour tillage on corn silage and corn 
grain

• Quantification of processes
– 7Be rill-interrill signature
– Probability of subplot area or sensor area 

contributing
• Link sediment delivery processes to P 

movement in the landscape.



WEPP MODELINGWEPP MODELING



WEPP MODELING (cont.)WEPP MODELING (cont.)



The End

Thank you for staying to the end of the session!
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