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Presentation OutlinePresentation Outline
• Background

– Problem statement and history of sensor 
development

– Overview of integrated mapping of soil physical 
attributes

• Materials and Methods
– Vertical blade with an array of strain gage bridges
– Ling-term tillage plots experiment

• Results and Discussion
– Comparison of tillage practices using on-the-go 

measurements of soil mechanical resistance
– Field mapping
– Overview of the latest prototype system
– Summary 

Problem Statement Problem Statement 

• The assessment of soil variability is one of the 
most important steps in site-specific 
management

• Conventional means to attain soil variability 
data are incapable of accurately identifying 
spatial inconsistency within a production field 
at an economically feasible cost       

• There is a need to develop equipment for 
mapping soil attributes on-the-go

• On-the-go sensing technology must be reliable, 
rapid, simple, inexpensive, repeatable

OnOn--thethe--go Soil Sensorsgo Soil Sensors
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Applicability of OnApplicability of On--thethe--Go Soil SensorsGo Soil Sensors

OKSomeSomeResidual nitrate (total nitrogen)

OKOKCEC (other buffer indicators)

OKSomeOther nutrients (potassium)

GoodSomeSoil pH

SomeOKSomeDepth variability (hard pan)

SomeGoodSoil compaction (bulk density)

SomeOKSoil salinity (sodium)

GoodGoodSoil water (moisture)

GoodSomeSoil organic matter or total carbon

SomeOKGoodSoil texture (clay, silt and sand)
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Integrated Mapping ApproachIntegrated Mapping Approach
• Instrumented blade

– Compacted field areas
– Soil mechanical resistance profile
– Blade with an array of strain gage bridges
– Sensing depth down to 30 cm
– Minimum soil disturbance

• Capacitor-type sensor
– Volumetric water content
– Dielectric soil properties measurement

• Optical sensor
– Organic matter content
– Soil reflectance at 470 and 660 nm
– Direct soil contact through a sapphire window
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Vertical Blade Mapping ApproachVertical Blade Mapping Approach
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Vertical Smooth Blade with an Array Vertical Smooth Blade with an Array 
of Strain Gagesof Strain Gages

Purdue University 
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(Lincoln, Nebraska)
1999 - 2001

Strain 
Gage 
Array

Three Independent Blade SystemThree Independent Blade System

UNL (Lincoln, Nebraska) –
University of Sao Paulo 

(Piracicaba, Brazil)
2002 - 2004

Three blades
• 0 – 10 cm
• 10 – 20 cm
• 20 – 30 cm

Soil-metal friction 
compensation 

sensor

Soil Mechanical Resistance (Three Blade System)Soil Mechanical Resistance (Three Blade System)

Soil Mechanical Resistance (Three Blade System)Soil Mechanical Resistance (Three Blade System)

Soil Mechanical 
Resistance, MPa

ARDC 
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Field 1.10
December 2002

0 – 10 cm depth 10 – 20 cm depth

20 – 30 cm depth

Example of Spatial Resemblance Example of Spatial Resemblance 
between Different Data Layersbetween Different Data Layers
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Integrated Soil Physical Properties Integrated Soil Physical Properties 
Mapping System (ISPPMS)Mapping System (ISPPMS)

Two wavelengths soil 
reflectance sensor 

Soil mechanical resistance 
profiler with an array of 

strain gage bridges
Capacitor-based 

sensor

UNL (Lincoln, Nebraska) 
2004

““Organic Matter” SensorOrganic Matter” Sensor

Shank

Cross-section
of the sensor

660 nm 
LEDs

Photodiode

Purdue University 
(West Lafayette, Indiana)

1988 - 1992

UNL 
(Nebraska, Lincoln)

2004 - 2005

CapacitorCapacitor--Based SensorBased Sensor
UNL (Lincoln, Nebraska) –

Retrokool (Berkeley, California)
2001-2003

• Silty clay loam soil
• Triple replicates
• Two tests
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Tillage Treatment Experimental PlotsTillage Treatment Experimental Plots

0.25 - 0.290no-till w/o cultivationF
0.24 - 0.2513double diskedE
0.23 - 0.2630chiselled and diskedD
0.24 - 0.275no-till with cultivationC
0.24 - 0.2613diskedB
0.26 - 0.2820plowed and double diskedA

Gravimetric moisture 
content, g/g

Maximum depth of 
tillage, cmTillage treatmentPlot

• Twenty years history
• Controlled wheel traffic
• Five cone 
penetrometer profiles
• Five on-the-go 
measurements (1 Hz)

Apparent Soil ProfilesApparent Soil Profiles
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Integrated Load IndicesIntegrated Load Indices
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Cone PenetrometerInstrumented Blade

double diskedEdiskedB
no-till w/o cultivationFno-till with cultivationC

chiselled and diskedDplowed and double diskedA
TreatmentTillage PlotTreatmentTillage Plot

b) Wheat yield, 2002 

a) Total force estimate from 
instrumented blade, 2004 Overall Resistance Load

Wheat Yield

Mg/kg

N

Maps of Soil Mechanical Resistance Maps of Soil Mechanical Resistance 
(Instrumented Blade) and Wheat Yield(Instrumented Blade) and Wheat Yield

Rogers Memorial Farm
(Eagles, Nebraska) 
Field R-9, July 2004

Relatively high 
water holding 

capacity

The Latest PrototypeThe Latest Prototype

Replaceable 
cutting edge 

Array of strain 
gage bridges

SummarySummary
• On-the-go mapping of soil mechanical 

resistance allows delineation of field areas with 
relatively hard or soft cultivated layer of soil

• High-order polynomial representation of topsoil 
profile is not beneficial

• Estimates of soil mechanical resistance 
attained using cone penetrometer and on-the-
go sensing approaches have different nature

• Integration of sensing systems with alternative 
measurement concepts is critical

• Maps of physical soil properties can be used to 
prescribe spatially differentiated field 
management 

http://bse.unl.edu/adamchuk
E:mail: vadamchuk2@.unl.edu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


