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Topics covered:

“The prize is the pleasure of finding the thing 
out, the kick in the discovery, the observation 
that other people use it.” – Richard Feynman

• Modifying preexisting tests 
• Implementing new approaches to improve 

accuracy/efficiency/costs
• Building in-house products to eliminate the need 

to outsource



Hot-water
• 90 to 100C water-

extraction, ~1 hour
• Labor intensive
• Requires specific setup 

and ample counter space

DTPA-Sorbitol
• Sorbitol added to DTPA 

micronutrient extract
• Relatively quicker
• Cheaper

Soil boron determination



Hot-water vs DTPA Sorbitol Comparison: 
~575 soils

DTPA vs DTPA-Sorbitol 
Regression Values:

• Zinc: 0.956
• Iron: 0.939
• Copper: 0.812
• Manganese: 0.941

y = 0.938x - 0.1565
R² = 0.6523
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Lower regression possibly due to 
nonstandard heating approach



Pressure Calcimeter 
for Carbonates Acid-Pretreatment

• Low throughput capacity
• Lower accuracy
• Hazardous



CO2 Analyzer

Scrubber: lowers 
stabilization time and 
limits acid impact on 
instrument 

Total Inorganic Carbon via Direct Determination of CO2

Reaction 
vessel



Comparison Results: 122 soils

Licor
y = 1x + 8E-06

R² = 1.0

APT
y = 1.0105x + 0.0585

R² = 0.8647
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y = 0.8874x - 0.0139
R² = 0.8611
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Low TIC can result in negative 
values with APT approach



Buffer pH for Lime Requirement

• Crucial test but 
takes extra time

• Sometimes uses 
harsh chemicals 
requiring special 
handling and waste 
disposal (SMP)



Buffer Modeling: Woodruff Buffer
Ward Laboratories: ~8400 soils

All parameters
Data split

y = 1.0857x - 0.5015
R² = 0.9653

OM, pH, CEC, Cu, Fe, Mn
Data split

y = 0.8555x + 0.9465
R² = 0.8555

OM, pH CEC, Cu, Fe, Mn, 
Data unsplit

y = 0.8269x + 1.1332
R² = 0.8269
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Buffer pH vs Model Comparison Parameters use: 
• pH, SS, OM, NO3-N, 

Mehlich P, base cations, 
micronutrients, sum of 

cations (CEC)

• Models look at various 
parameters with or 

without being split into 
two regression equations, 
one for pH < 5.15 and one 

if its > 5.15



Buffer Modeling: SMP Buffer
Central WA: SMP Buffer, ~1100 soils

Parameters use: 
•Olsen P, K, Mn, Fe, 

pH, OM

K, Mn, Fe, pH
y = 0.5931x + 2.6883

R² = 0.591

OM, K, Mn, Fe, pH
y = 0.5923x + 2.6936

R² = 0.592

Ols P, Mg, K, Mn, Fe
y = 0.5922x + 2.6944

R² = 0.572

K, Mn, Fe
y = 0.5984x + 2.6528

R² = 0.539
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Effervescence “Lime Test” Modeling

Hydrochloric acid 
test

• Qualitative (None, 
Low, High)

• Hazardous
• Low accuracy
• Noncritical test



Effervescence “Lime Test” Modeling
Modeling based on Calcium 
Carbonate Equivalent
• ~1700 soils: pH, Ca, Olsen P

• Data split based on pH

Modeling based on historic Lime 
Test data (WA State): 
• 1172 soils: pH, Ca, SS

y = 0.7124x + 0.3832
R² = 0.7124
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Lime Test: Modeled vs Actual Lime Rating

y = 0.6339x + 3.5815
R² = 0.6339
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Model formula based on CCE

=IFS(AND(B4>=6.8,B4<=6.99),3.9078303-
0.0339877*A4+0.00503429*C4,AND(B4>=7,B4<=7.09),3.893542+0.01189381*
D4+0.0086971*F4,AND(B4>=7.1,B4<=7.19),2.71129+0.0033233*C4+0.012612
*D4,AND(B4>=7.2,B4<=7.29),3.960673+0.003668854*C4+0.00441*F4,AND(B4
>=7.3,B4<=7.39),4.97827331+0.003221*C4+0.00315008*E4,AND(B4>=7.4,B4
<=7.49),4.0792877+0.033739*A4+0.0226927*D4,AND(B4>=7.5,B4<=7.59),4.9
1229+0.0027986*C4+0.007396*E4,AND(B4>=7.6,B4<=7.69),5.043+0.0022631
*C4+0.008407209*D4,AND(B4>=7.7,B4<=7.89),5.57486+0.0018423*C4+0.003
529*F4,AND(B4>=7.9,B4<=7.99),5.02415+0.0141987*A4+0.0010853*C4+0.00
5990682*D4+0.0037889*E4+0.001814*F4,AND(B4>=8,B4<=8.09),6.156532+0.
01219047*D4+0.0042568*E4,AND(B4>=8.1,B4<=8.19),5.21341+0.0079396969
*A4+0.0005585*C4+0.0061962*D4+0.00453579*E4+0.0024141*F4,AND(B4>=
8.2,B4<=9.59),8.023+0.00052103*C4+0.0024655*E4)



Soil Water Properties

Total Analysis Time:
• For Field Capacity Tests: Approximately 5 to 

9 days.
• For Permanent Wilting Point Tests: 

Approximately 9 to 14 days.

• Pressure Plate Extractor Apparatus: 
$2,000 to $5,000

• Ceramic Plates: $100 to $500 per plate
• Pressure Regulation System: $1,000 to 

$2,500
• Total: $4,000 to $10,000 



Soil Health Institute Model (Bangnall et al., 2021)

• 124 sites
• 1731 soils
• 1797 used 

for model

SOC’s effects on Plant Available Water



Parameters • Texture: clay and sand
• Effervescence 
• Organic matter or 

organic carbon

Noncalcareous soils Calcareous soils



Model versus Actual Value Comparison: 
~50 samples

Field Capacity: FC
y = 1.0052x - 0.2333

R² = 0.999

Permanent Wilting 
Point: PWP

y = 1.0122x - 0.1174
R² = 0.9971
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FC and PWP%: Actual versus Model

Water Holding 
Capacity: WHC

y = 0.9713x + 0.0031
R² = 0.993

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38

SH
I’s

 M
od

el
 R

es
ul

t (
in

ch
es

)

Actual Measurement (inches)

WHC: Actual versus Model

Percent Difference
WHC FC PWP

1.71% ± 1.07 0.159% ± 0.36 0.328% ± 0.78



Walkley Black: chromic acid 
wet oxidation method

• Corrosive (similar to SMP)
• Waste disposal: one 55-

gallon drum of waste every 
2 weeks in busy season

Organic matter determination



Udy Dye adsorption

Acid orange 12 dye 
with single sulfonic 

acid binding site Simulated protein chain with 
cationic binding sites at pH 2



Low OM                                High OM 



Ca, Mn, Dye
y = 0.7093x + 0.2842

R² = 0.6848

pH, Mn, Mg, Dye
y = 0.7109x + 0.3019

R² = 0.7006

Dye absorbance only
y = 0.0779x + 0.1984

R² = 0.4692

All parameters
y = 0.7585x + 0.2936

R² = 0.6905
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Dye Absorbance vs Walkley Black OM %

Organic matter determination: ~250 soils

Dye alone yielded 
moderate results: 
• Ca interference

Improved using 
modeling of other 
soil parameters. 



• Base-extraction: 289 samples, 0.5M sodium hydroxide shaken for 2 
hours and read at 465 nm 

Organic matter determination: ~300 soils

Variables Correlation 
(Pearson)

Approx. CEC 0.298
Cu Soil (mg/kg) 0.367
Fe soil (mg/kg) 0.562
Mn Soil (mg/kg) 0.743
Zn Soil (mg/kg) 0.305

pH -0.399
WB OM% 0.745

pH, Mn, Fe, Absorbance
y = 0.4505x + 0.637

R² = 0.6422

Absorbance only
y = 6.2643x + 1.1366

R² = 0.7366

Appx CEC, pH, Abs, Mn, Fe
y = 0.505x + 0.5947

R² = 0.6908
Mn and Absorbance
y = 0.3966x + 0.6278

R² = 0.575
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Phospholipid Fatty Acid Analysis: 
MIDI Sherlock Replacement

Assigns microbial biomarkers based 
on gas chromatography retention 
times and calibration standards
• 17 fatty acids
• ~180 biomarkers 

Issues with software development:
• Due to continual yet minor shifts, 

RTs change
• GC or software can’t ID fatty acids
• Dual biomarkers in standard 

(degradation products)



Calibration and File Processing
Biomarker IUPAC Name Retention Time

10:0 Decanoic acid 1.353
11:0 Undecanoic acid 1.563

10:0 2OH 2-Hydroxydecanoic acid 1.614
12:0 Dodecanoic acid 1.844
13:0 Tridecanoic acid 2.208
14:0 Tetradecanoic acid 2.661
15:0 Pentadecanoic acid 3.201
16:0 Hexadecanoic acid 3.819
17:0 Heptadecanoic acid 4.496

16:0 2OH 2-Hydroxyhexadeconoic acid 4.673
18:0 Octadecanoic acid 5.217
19:0 Nonadecanoic acid 5.961
20:0 Icosanoic acid 6.716
21:0 Heneicosanoic acid 7.468
22:0 Docosanoic acid 8.212
23:0 Tricosanoic acid 8.942
24:0 Tetracosanoic acid 9.655

• Software accurately IDs fatty 
acid biomarkers

• Compares RTs to corresponding 
master list

• Adjusts sample file biomarkers 
accordingly and assigns 
biomarker

Internal 19:0 biomarker standard:
• Recovery and concentration 

scaling



Calibration confirmation
Sample ID Batch Date Soil Weight

Cal/QC001 20240802 N/A
Peak# R.Time I.Time F.Time Area Height A/H k' Plate # Plate Ht. Tailing Resolution Sep.Factor Biomarker Group ID Concentration (ug/ul)

2 1.057 1.04 1.073 209 125 1.674 0.195 2305 65.071 0 2.652 0 Undifferentiated Undifferentiated 0.000309

3 1.094 1.073 1.123 212 123 1.719 0.238 5730 26.18 0 0.513 1.217 Undifferentiated Undifferentiated 0.000312

4 1.209 1.17 1.287 23258 17277 1.346 0.367 19040 7.878 1.226 2.465 1.545 Undifferentiated Undifferentiated 0.023358

5 1.361 1.33 1.47 50039 38058 1.315 0.54 26314 5.7 1.257 4.452 1.471 10:0 Undifferentiated 0.050139

6 1.571 1.54 1.607 26047 20291 1.284 0.778 36461 4.114 1.311 6.32 1.44 11:0 Undifferentiated 0.026147

7 1.623 1.607 1.707 10224 7754 1.319 0.836 37589 3.991 0 1.554 1.075 10:0 2OH GNO 0.010324

8 1.853 1.82 1.933 55055 42810 1.286 1.096 50287 2.983 1.352 6.912 1.311 12:0 Undifferentiated 0.055155

9 2.218 2.183 2.287 27924 21135 1.321 1.509 68473 2.191 1.352 10.899 1.377 13:0 Undifferentiated 0.028024

10 2.672 2.64 2.753 57720 42532 1.357 2.022 92076 1.629 1.324 13.133 1.34 14:0 Undifferentiated 0.05782

11 3.212 3.17 3.297 29031 20394 1.424 2.634 119727 1.253 1.293 14.945 1.302 15:0 GPO 0.029131

12 3.83 3.793 3.91 59097 39151 1.509 3.333 154850 0.969 1.248 16.248 1.265 16:0 Undifferentiated 0.059197

13 4.508 4.46 4.587 29676 19268 1.54 4.099 203378 0.738 1.24 17.175 1.23 Undifferentiated Undifferentiated 0.029776

14 4.684 4.643 4.773 11656 7176 1.624 4.298 206950 0.725 1.334 4.334 1.049 Undifferentiated Undifferentiated 0.011756

15 5.228 5.177 5.3 60477 37978 1.592 4.914 253482 0.592 1.21 13.152 1.143 18:0 Undifferentiated 0.060577

16 5.971 5.927 6.047 29860 18343 1.628 5.755 316101 0.475 1.19 17.702 1.171 19:0 Undifferentiated 0.02996

17 6.725 6.677 6.807 60358 36091 1.672 6.608 371564 0.404 1.157 17.414 1.148 20:0 Undifferentiated 0.060458

18 7.477 7.437 7.557 30206 17851 1.692 7.458 461698 0.325 1.164 17.054 1.129 21:0 Undifferentiated 0.030306

19 8.221 8.173 8.3 61141 35951 1.701 8.3 540797 0.277 1.151 16.767 1.113 22:0 Undifferentiated 0.061241

20 8.95 8.897 9.037 30468 17527 1.738 9.125 631089 0.238 1.165 16.247 1.099 23:0 Undifferentiated 0.030568

21 9.663 9.617 9.743 61917 38332 1.615 9.931 840198 0.179 1.177 16.332 1.088 24:0 Undifferentiated 0.062017

22 9.977 9.937 10.003 1114 660 1.687 10.287 764299 0.196 0 7.164 1.036 Undifferentiated Undifferentiated 0.001214



Annual savings

~$120,000 to $130,000 licensing fees

Tools used:
•Artificial Intelligence Platforms
•Python, Pycharm
•Flask
•Web-based code housing platform 



Takeaways
•Brush up on stats or statistical software
•Don’t be afraid for new learning opportunities
• Learn how to use AI effectively
• Little changes in processes equate to big savings in 

cost and labor annually



Questions? 
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