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PREFACE

Thismanualhasbeendevelopedasaguide of standard analyticalmethodsforagricultural laboratoriesforuse inthe Western Region,
byt the Western Coordinating Committee onNutrientMangement. This publication an update ofPlant, Soil and Water
Reference Methodsforthe WesternRegion, 1994, (WREP 125)written by Dr.Ray Gavlakformerly ofthe University of Alaska,
Dr.DonaldHorneckof Oregon State University,andDr.RobertO. Miller of Colorado State University. lthasbeen supplemented by
Dr.Janice Kotuby-Amacher, of Utah State University toinclude soilacid recoverable metals. Theserepresentaccepted methodsfor
theanalysis ofsoiland plantsamplesandwere selected forthe express purpose ofidentifyingcommonmethodsonwhichagroup
of agriculturallaboratoriesanalytical results canbe statistically evaluated. Wewouldliketothankallthoseindividualswhohave
contributed to this manual.

The specificsoil, plantand wateranalytical methodslisted representthose analytical proceduresthatarerecommendedforuseinthe
currentNorth American Proficiency TestingProgramorganized by the Soil Science Society of America. Weencourageallsuggestions
and comments from participating laboratories for improving this manual for future publication.

Theauthorswouldliketothank Dr.ByronVaughan of MDS HarrisLaboratory Services, Dr.Kelly Belden ofthe University of Wyoming
for reviewing this publication.

WCC-103 Publication
WREP-125, 2" Edition



TABLE OF CONTENTS

Page
Quality Assurance in the Agricultural Laboratory ... 5
Analysis Calculations and ErrOr ... ... o 12
Soil Analytical Methods
Saturation Paste Analysis
Saturation Percentage, S - 1.00 .. ...t 17
Saturation Paste SOil PH, S - 1.10 . ... .. e 20
Electrical Conductivity - Soluble Salts, S-1.20 .. ....... .ot e 21
Alkalinity: Bicarbonate and Carbonate, S-1.30 .. ... it 24
Chloride, S - 1. 40 ... .26
BOrON, S - .00 .. e e e e e e 28
Calcium, Magnesium, Sodium and SAR, S-1.60 ......... ittt e 31
SUIfate (SO,%), S - .70 Lttt ettt e e e .33
NItrate (NOg ), S - 180 ...t .35
Soil pH and Electrical Conductivity
pPH (1:2, soil:water ratio), S-2.00 ... ... 37
pH (1:2,s0il: 0.10 M CaCl,ratio), S-2.011 ... ...t 39
pPH (1:1, soil:water ratio), S -2.20 ... ... 41
pH (1:1, s0il: 0.10 M CaCl, ratio), S-2.22 .. ... .. e 43
EC (1:2), S - 2.30 ittt ettt e .45
Soil Buffer pH, Lime Requirement
SMIP, S - 2 50 . 48
Woodruff - Modified, S - 2.60 . ... i 51
AdamMS-EVaNS, S - 2.70 ..t 53
Mehlich BUuffer pH, S - 2.80 .. ... . e 55
Soil Nitrate Nitrogen,
Cadmium Reduction, S -3.00 ... e 57
lon Selective Electrode, S - 3.20 ... 59
Chromotropic Acid Method, S-3.30 . ...t e e 61
Soil Ammonium Nitrogen, S - 3.50 ... ... 63
Soil Nitrogen Mineralization Potential, S-3.60 .......... .. ittt 65
Extractable Phosphorus and Soil Bases
Bicarbonate, S -4.010 ... ... 67
Bray P-1, S -4.20 ..o 70
Mehlich 1 (Multiple NUtrients), S - 4.30 ... ... e e e 73
Mehlich 3 (Multiple NUtrients), S -4.33 ... e e 76
AB-DTPA (Multiple NUtrients), S-4.40 . ... ... e e e e 78
Modified Morgan (Multiple Nutrients), S-4.50 ... ... .. e 81
Modified Kewlona Extractable P (Multiple Nutrients), S-4.60 ......... ... ..o iiiiiiiiiaiinaann.. 83
P Sorption (Environmental Test), S-4.70 .. ... i 88
NH,0Ac Extractable Potassium, Calcium, Magnesium, and Sodium, S-510 ....................... 92
Potassium FixXation, S - 5.50 ... ... 94

WCC-103 Publication
WREP-125, 2"¢ Edition



Micronutrients

DTPA Extractable Zinc, Manganese, Ironand Copper, S-6.10 ...ttt 96
DTPA-Sorbitol Extractable Zinc, Manganese, Iron, Copper & Boron, S-6.11 ....................... 98
HCI Extractable ZIinC, S -6.20 . ... ...ttt e e e e e e e e e 101
Extractable Soil Boron, HotWater, S-7.10 .. ...ttt e 103

Soil Organic Matter

Soil Kjeldahl Nitrogen, S -8.00 .. ...t e e e e e e e 105
Walkley - Black, Titration, S-9.10 ... ... ittt e 107
LOSS ON IgNItioN, S -0.20 ... ittt 110
Total Organic Carbon and Nitrogen (TOCand TN), S-9.30 ........ .ttt 112

Soil Cation Exchange Capacity

Ammonium Replacement Method, S-10.10 . ...ttt e 115
Barium Replacement Method, S-10.20 ......... .t e e 117
Extractable Soil Sulfate-Sulfur, S - 11.010 ... .. . e e 119
SOl Chloride, S - 12,00 ..t e e e 122

Inorganic Carbon

Carbonate Qualitative Test, S - 13,05 ... ..ttt e e e e 124
Gravimetric Determination, S - 13.00 ... ... it 125
Volumetric CO,-C Determination, S-13.30 ... ...ttt e 127

Particle Size Analysis,

Hydrometer, S - 14,00 .. ..ot e e e e 129
PIPEE, S - 14,20 .. it 132
Extractable Aluminum - KCI, S - 16.00 ... .ot e e e e e e e 135

Acid Recoverable Metals,
EPA S050A, S - 16.00 ..ottt 137
EPA S051A, S - 16,20 ..ottt 140
Plant Analytical Methods

Dry Matter Content, Gravimetric, P - 1.10 ... ... . . s 146

Nitrogen and Sulfur

Total Kjeldahl Nitrogen, P - 2.00 ... ... o e e e e s 147
Total Nitrogen, Automated Combustion, P-2.20 ........ .. . i s 149
Total Sulfur, Automated Combustion, P - 2.30 .. ... .. i 151
Extractable Potassium, Nitrate, Ammonium, Ortho-Phosphate and Chloride, P-3.10 .................. 153
Extractable Nitrate ISE, P - 3,20 ... ...t e e e e e e e 156
Extractable Sulfate-Sulfur, P - 3.40 . .. ... . 158

WCC-103 Publication
WREP-125, 2" Edition



Total analysis: P, K, S, Ca, Mg, Na, B, Zn, Mn, Fe, Cu and Mo

Dry Ashing, P -4.00 ... e e 160
Nitric/Perchloric Acid Digest, P -4.20 .. ... .. e 163
Microwave Digestion, P - 4.30 .. ... ..ot e 166
Total Selenium, P - 6.00 ... e 170

Water Analysis Methods

PH, W - L L0 Lo 174
Electrical Conductivity - Soluble Salts, W - 1.20 ... ... i e e e 175
Alkalinity: Bicarbonate and Carbonate, W - 1.30 . ... ... it e e 178
ChIOride, W - 1.0 .o e e 180
BOroN, W - 1. 50 ..o e e e e 182
Calcium, Magnesium, Sodium and SAR, W - 1.60 ... ... ..ttt 184
SUIALE, W - .70 ..o 186
NIEFALE, W - L8O oottt ittt e e 188
Phosphorus Total, W - 1,00 ... e e e e e e e e e e e 190
Nitrogen, TKN, W - 2.00 . ...ttt e e e e e e e e e e e e e e e e e e 192
Appendix
Appendix A, ICP-AES Wavelengths ... ... .. 194
Appendix B, Standard SOIULIONS ... ... .. 195
Appendix C, Reference Botanical Material SOUrCes . ....... ... i e 197
Appendix D, U.S. Standard Testing Sieve SizeS ... ... ..ot e 198
Appendix E, Preparation of QCR SOIlS . ... ... 199

WCC-103 Publication
WREP-125, 2" Edition



