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Problem Statement

» The sensing of soil variability is one of the most
important steps in site-specific management

« Varying application rates is inappropriate without
accurate soil maps

« Obtaining this descriptive information about a
field is expensive using conventional methods

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

» Offered technology must be reliable, rapid, simple,
inexpensive, repeatable

Standard Chemical Soil Test

Preparation (drying, crushing, sieving)
Solution

— 1:1 (Soil pH)

— 1:2.5 (Nitrate-Nitrogen)

— 1:10 (Potassium)

Extraction

— Water (Soil pH, Nitrate-Nitrogen)

— Buffer Solution (Buffer pH)

— Ammonia Acetate Solution (Potassium)
Measurement

— lon-Selective Electrode (pH)

— Atomic Absorption Spectroscopy (Potassium)
— Cadmium Reduction Method (Nitrate-Nitrogen)

Direct Soil Measurement

« Preparation Hypothesis

— Field conditions
« Solution

— Naturally moist soil
« Extraction

— Available ion activity
¢ Measurement

« lon-selective electrode

Lower measurement
accuracy is compensated
by higher measurement
density

lon-Selective Electrodes

Combination
Flat Surface
Gel-Filled
Epoxy Body
Glass (pH)

PVC Membrane
(K*, NOy)




Automated Soil pH Mapping Systems
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Automated Soil pH Mapping Systems
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lon-selective
Electrodes

Water Nozzle

Soil Sampler

Soil pH Mapping
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Data were collected by Veris Technologies (Salina, KS)

Soil pH Mapping
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Data were collected by Veris Technologies (Salina, KS)

Field Test (Soil pH Mapping)
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Laboratory Evaluation of
Direct Soil Mapping

Electrode Stability

45% ‘ ‘ T T T T T
ao% Caibraion B Soi
; 500 ‘ o | i Soi
< a0 P ‘ . iREN
H m 2
£ 300 ——Probe 1 Bl
o Probe 2 o
2 200 ——Probe 3 t
3 e 123456780000
£ 100 Probe 4 ing Time, s
ks \
w 0
0%
0 15 30 45 60 s LITTTTT
0% T
Response Time, s 3 60% W Calibration B Soil |
§ 50% 1 _ Standards B
a0 1
LF \
209 1]
10%
It takes approximately 10-15 s to R

. . N 1234567 8 9101112
obtain arelatively stable reading

Stabilization Time, s

 Stability
* Calibration
» Repeatability
» Accuracy - Crete Silt Loam
. 7 * Wymore Silty Clay Loam
O Re“ab'“ty « Brocksburg Sandy Loam
« Hall Silt Loam
* Thurman-Anselmo Fine Sandy Loam
Electrode Calibration
60 450
o N AAlal,lnla,
[ ] O 400 6
SSAOUSOOO. o 350 Rl :22
A RERRR 2 Sones
£ AlA AlLla g 2 AProbe 3
3 = = g 200 a A O Probe 4
& 40 - Iy £ 150 4 A Probe 5
AlA A A 100 AProbe 6
35 50
A
30 0 s

012301230123

Dayl Day2

Day 3

Electrode (Nernst) Slope

012301230123

Intercept (Standard Potential)

Soil pH (DSM vs. Standard Test)
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Potassium (DSM vs.
Atomic Absorption Spectroscopy)
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Electrode Accuracy

Probel Probe2 Probe3|Probe4 Probe5 Probe6

pH pK PNO, pH pK PNO;

Brand 1 Brand 2

Individual R? 0.89 0.40 0.30 | 0.93 0.67 0.03
Daily Mean R? 096 061 0.60 | 0.97 0.83 0.08
Mean R? 098 0.89 089 | 0.99 0.95 0.56

Reference:
Average Standard Test for pH
Saturation Paste and Atomic Absorption Spectroscopy for pK
Saturation Paste and Cadmium Reduction for pNO,

K* or NOz-N, ppm

Distinguishing between Levels
of Soil Properties
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Summary

« Direct soil measurements of H*, K* and NOy-
have root mean squared errors less than 0.3 pX
(PH, pK, pNO,)

¢ Automated soil pH mapping is a promising
alternative to conventional sampling and analysis
methods due to increased sampling density

< Estimating exchangeable potassium content or
buffer pH requires additional information about
soils tested

¢ Automated mapping of residual nitrates in
topsoil may be feasible only if a substantial field
variation exists

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




