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Problem Statement

» The assessment of soil variability is one of the
most important steps in site gecific management

« Varying application rates is inappropriate
without accurate information about soil spatial
structure

+ Obtaining descriptive information about a field is
expensive using conventional soil sampling
methods

+ There is a need to develop equipment for
mapping soil attributes on the g

* On the @sensing technology must be reliable,
rapid, simple, inexpensive, repeatable

Uniform Treatment vs. VRT
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On-the-go Soil Sensors
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Sensor Use Approaches

Real-Time Map-Based
Application Approach

Sensor Use Approaches

Integrated Approach
(Real-Time with Supplemental Base Map)

Analysis of Sensing Methods

» Performance » Information Value

— Response (time domain) — Numeric modeling

— Calibration (stability) — Simulation

— Precision (repeatability) — Uncertainty analysis

— Accuracy (correlation) — Case studies

— Reliability (durability) — Success and failure stories
Information

Quality | Value
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Veris® Technologies 2
(Salina, Kansas)

http://www.veristech.com
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Mapping Apparent Conductivity and
In-Phase Ratio of the Secondary to
Primary Magnetic Fields

0.75 m — Horizontal
Dipole

1.5 m — Vertical

Geonics Limited
(Mississauga, Ontario)

http://www.geonics.com

Geocarta

Mapping Electrical Resistivity (0.5 m, 1 m and 2 m)

Geocarta
(Paris, France)

http://www.geocarta.net




Rolling Electrode
Soil Sensors
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Example 1 (EC Map Application)

Soil Survey Improved Soil Type EC Map
Separation

Example 2 (EC Map Application)

Low Yielding
Area

High Yielding
Area

Yield Map

Example 3 (EC Map Application)

Shallow EC Deep EC EC Ratio: Shallow/Deep
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Organic Matter Sensor

Cross-section
of the sensor

Shank
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Soil Reflectance Mapping

Notebook
DGPS Antenna  Computer  spectroradiometer

Coulter
Shank

NIR Thermometer
Illumination Fiber

Micro CCD Camera
Visible and NIR light fibers

Tokyo University of Agriculture
and Technology (Tokyo, Japan)




Hyperspectral Soil Reflectance
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Soil Mechanical Resistance Mapping

Farm Progress
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Soil Mechanical Resistance Mapping
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Strain Gauge Array Three Blades Five Load Cells
(Purdue University - UNL)  (University of Nebraska-Lincoln) (University of California-Davis )

Three Blade System

Brazilian Experience

Soil Mechanical Resistance (20-30 em)
Guaira, 5P - May 2004
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Maps of Mechanical Resistance,
Electrical Conductivity, and Yield

S Macharicia Rassstarce, 2010 30 cm deg
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Acoustic Soil Sensors
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Conventional Soil Sampling

* Random
» Grid (Systematic) Sampling
— Grid Point (Cluster) Method
« Regular (Center)
« Staggered and Random Start

« Systematic Unaligned
« Random

— Grid Cell Method
* Adaptive
— By Soil Types
— By Management Zones

Standard Soil pH Test

 Preparation (drying, crushing, sieving)
e Solution

- 1:1 soil/water solution
e Extraction

— DI water (soil pH)

— SMP buffer solution
(buffer pH)

e Measurement
— lon-selective electrode
— Glass bulb

Soil Nutrients Mapping

/ Soil cutters
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Coring tube

Purdue University, 1996

Soil Nutrients Mapping

Sensors

Mixing\

\! m //Water jet

~50 g soil core

Sample collection

for calibration
N

Cleaning

Add 20ml DI H,O

Purdue University, 1996

Direct Soil Measurement

e Preparation
— Field conditions
* Solution
— Naturally moist soil
» Extraction
— Available ion activity
¢ Measurement
— lon-selective electrode
— Flat (dome) surface

Automated Soil pH Mapping Systems
ERpaal | ,
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US Patent No. 6,356,830 |~ < " 10 Purdue University, 2000




Mobil Sensor Platform (MSP)

Sensor Fusion
Soil Electrical Conductivity & Soil pH Manager

Veris Technologies, 2003

Soil Sampling Mechanism

lon-selective
Electrodes

Water Nozzle

Soil Sampler

Soil pH Mapping

Soil pH
Maps of a
Nebraska

Field

Laboratory
Test

Measurements __}

simulated 1 ha Grid Sampling

Data were collected by Veris Technologies (Salina, KS)

Soil pH Maps of
a Kansas Field
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Data were collected by Veris Technologies (Salina, KS)
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Soil pH (Precision)
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Soil pH (Accuracy)

T T
® Probe 1
70 +— 11
® Probe 2
= Regression 2 b 1
Probe 3 )
Regression 3 P °

6.5 1+—

Average measured pH

° [
5.0 /:/
Lo

.
P

4.0 4.5 5.0 55 6.0 6.5 7.0 75
Reference pH

r2=0.93-0.96

Standard Error =0.21 pH

Laboratory pH tests

Error of Laboratory pH Tests
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Electrode output (mV)
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Buffer pH and Lime Requirement

e Assume constant soil buffering for
homogeneous areas
Buffer pH = f (Soil pH)
 Use electrical conductivity (EC) in combination
with soil pH to predict buffer pH
Buffer pH = f (Soil pH, EC)
» Add soil reflectance measurements to improve
buffer pH prediction
Buffer pH = f (Soil pH, EC, Reflection)

Multiple Data Layers
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Agro-Economic Analysis

Field Conditions Mapping Technique

‘ True Initial Soil pH H Soil pH Estimation Error

‘ Estimated Initial Soil pH H Prescribed Lime Application Rate ‘
—| Net Return over Cost of Liming |

‘ Cost of Lime Application ‘ ‘ Cost of Soil Sampling and Analysis

‘ Economic Rule ‘

Expected net return over cost of

Value of Information
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Variance of soil pH estimation error

Applicability of On-the-Go Soil Sensors
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OK OK

Soil texture (clay, silt and sand) Good

Soil organic matter or total carbon Some Good

Soil water (moisture) Good OK

Soil salinity (sodium) OK Some Some
Soil compaction (bulk density) Good OK

Depth variability (hard pan) Some Some OK OK

Soil pH Some Good
Residual nitrate (total nitrogen) Some OK OK
Other nutrients (potassium) OK
CEC (other buffer indicators) OK Good

Summary

» On-the-go soil sensors can provide high

density information about soil properties

 Our ability to map specific agronomic

soil attributes remains questionable

» Combining (fusion) of different sensors

may be beneficial

* New and improved sensors are under

development

» Agro-economic evaluation of the value of

information is needed

Potential Applications

* Prescribe variable rate soil treatment
— Direct utilization of sensor data
— Improvement of management zones

definition

 Support on-farm research
— Crop response
— Fertilizer and lime effect
— Spatially variable temporal changes

» Improve existing recommendations on
soil management

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




