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PREFACE

In 1928, in order to secure greater co-ordination between
the various laboratories in Australia engaged in advisory or
systematic work on soils, the methods then in use at the Waite
Institute were published by Professor J. A. Prescott and the
present author (Methods for the Examination of Soils,
C.S.I.R. Pamphlet No. 8). The methods which were given
in that publication were those selected as the result of critical
studies, carried out on Australian soils in the chemical labora-
tories of the Waite Agricultural Research Institute and ten-
tatively adopted for use. They were published to serve as a
basis for discussion, so that some measure of standardization
of the methods in use in the various Australian laboratories
could be reached.

Since that publication the present author has had many
valuable discussions with chemists working throughout Aus-
tralia and New Zealand, as well as in other parts of the world.
Much additional experience in the chemical and physical
examination of soils and the chemical analysis of plant mate-
rial has also been gained by his colleagues in the Department
of Agricultural Chemistry of the University of Adelaide and
the Division of Soils of the Council for Scientific and Indus-
trial Research. This additional experience has led to many
amendments in the original methods, to make them applic-
able, generally, to the wider range of soils encountered, while
new methods have been added, for determinations not pre-
viously included. As a result of the favourable reception
accorded to the earlier publication, and in response to
numerous requests, it has been felt desirable to compile a new
edition of the methods in use, incorporating the additional
material available. With the exception of two or three of
the less common determinations, all of the methods included
in the present publication are in actual use in the laboratories
of the Waite Institute and can be recommended to give ac-
curate and reliable values for a2 wide range of samples.
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The experience gained in handling numerous soil samples,
which have been collected from all parts of Australia by the
C.S.I.R. Division of Soils, has been particularly valuable,
since it has necessitated the adoption of methods which will
give dependable values when applied to these widely varying
soil types. Methods originally developed for a single soil
type have often been found to be inapplicable, without suit-
able modification, to the wide range of soils encountered in
Australia,

The science of pedology is rapidly growing. Methods for
the examination of soils, at present in use, will change as the
store of our knowledge increases. New methods will con-
tinue to be developed to enable the measurement, in the
laboratory, of those soil properties, which will give a more
accurate description and definition of each soil type, while
older methods will be improved as developments take place
in other branches of pure science.

The author wishes to express his appreciation to all his
colleagues in the laboratories of the Waite Agricultural Re-
search Institute for the many valuable discussions which he
has had with them and for the assistance which they have so
generously given. The compilation of the present edition of
the methods in use in these laboratories would not have been
possible without this whole-hearted co-operation. It has been
impracticable to give personal reference in the text to many
of the small modifications introduced into methods, since these
have frequently been adopted as the result of discussions
among several different workers on a problem, but as far as
possible acknowledgement has been made. The author de-
sires particularly to express his indebtedness to Professor J. A.
Prescott, Director of the Waite Institute, for the active in-
terest which he has maintained in this work and the encour-
agement and advice which he has so freely given throughout
the whole time that it has been the author’s privilege to work
with him.

CS.P.
Adelaide,

December, 1942,



CONTENTS
CHAPTER PAGE

INTRODUCTION - - - - - x

PART I
METHODS FOR THE EXAMINATION OF SOILS

I THE COLLECTION AND PREPARATION OF SOIL

SAMPLES - - & 16
Field Methods - - = = 1
Method for Taking Compos;tc Samples - 2

Method for the Collection of I‘ype Samples in Sml

Surveys - 2
Preparation of the Sml Samp!e in the beoratory - 4

II HYDROGEN ION CONCENTRATION, CONDUC-
TIVITY AND WATER SOLUBLE SALTS - 7-46
Preparation of the Soil Suspension - - . 7
Hydrogen lon Concentration : - - 8
Soil Reactien: Quinhydrone Method - - 15
Soil Reaction: Glass Electrode Methad - - 19

Soil Reaction: Determination at Field Moisture Capa-
city - - - - - - 26
Soil Reaction: Kuhn’s Colorimetric Method - - 28
Soil Reaction: Waite Institute Hydrionmeter - 29
Water Soluble Salts: - - - 2 - 30
The Determination of Specific Conductivity - - 32
The Determination of Water Soluble Salts - - 36
Chlorides: - - - - - - 39
Electrometric Titration Method - - - 40
Chromate Titration Method - - - 45
IIT MECHANICAL ANALYSIS - - - - 4779
Pipette Method - - - - - 59
Beaker Method - - = - - 75
Hydrometer Method - - - - - 77
IV SINGLE VALUE SOIL CONSTANTS - - 80-111
Water Holding Capacity - - - - 82
Moisture Equivalent - - . - - 85
Field Capacity - - - - - 91
Permanent Wilting Point - - - - 92
Sticky Point - - - - - % 97
Hear of Wetting - - - & = 100
Depression in the Freezing Point - - 105
V SOIL COLOUR - - - - 112-116
Method for the Determination of Soil Colour - = 115
V1 STANDARD SOLUTIONS AND INDICATORS 117-127
Standard Sclutions - - < - - 117

Indicators - - - - - - 126

vii



viii SOIL ano PLANT ANALYSIS

CHAPTER PAGE"
Vil CALCIUM CARBONATE - - - 128-136
Hutchinson and MacLennan’s Method - - 130
Modified Passon’s Method - - - - 132
Rapid Titration Method - - - - 135

VIII THE ANALYSIS OF THE HYDROCHLORIC ACID
EXTRACT - - - 137-153
Preparation of the Extract: Hall’s Method - - 139
Preparation of the Extract: A E.A. Method - - 140
Ferric Oxide and Titanium Dioxide - - - 140
Manganese Oxide - - - - - 143
Iron, Aluminjum, Calcium, and Magnesium - - 145
Potash and Phosphoric Acid - - - - 149

IX EXCHANGEABLE IONS AND EXCHANGE CAPA-
CITY - - - - 154-196
Cation Exchange: - - - - - 154
Preparation of the Soil Extract - - - 168
The Analysis of the Ammonium Chloride Extract - 172
The Analysis of the Sodium Chloride Extract” - 183
The Analysis of the Ammonium Acetate Extract - 184

The Determination of Exchangeable Hydragcn
Metanitrophenol Method - - 18§

The Determination of Total Cation Exchange Capa-
city - 187

The Detcrmm:tlon of Total Exchangeable Mctal
Cations - - - - - 189

The Approximate Determination of Total Exchange-
able Metal Cations - - - - 189
Anion Exchange: - - - 190

Total Anion Exchange Capacuv thphzte Adsorp-
tion Method - - 192
Exchangeable Phosphate - - - - 19§
X NITROGEN - - - - 197-201
Determination - - - - - 200
X1 NITRATES, NITRITES, AND AMMONIA - 202-212
The Determination of Nitrate-Nitrogen - - 206
The Determination of Ammonia-Nitrogen - - 208
XII ORGANIC MATTER - - - 213-229
Organic Carbon: Dry Combustion Method - - 216

Organic Carbon: Walkley and Black’s Rapid Titration
Method - - - 223
Humic Acid: Eden’s Mcthod - - - - 227
XIII FREE FERRIC OXIDE - - - 230-238
Drosdoff and Truog’s Method - - - 233

Truog’s Sodium Sulphide Method - - - 234



CONTENTS ix

CHAPTER PAGE

X1V THE SEPARATION AND ANALYSIS OF THE CLAY
FRACTION - - - = 239-25¢0

The Separation of the Clay Fraction: Sodium Chloride
Method - - = = - 241

The Separation of the Clay Fraction: Puri’s Ammonium
Carbonate Method - - - - 243
The Determination of Silica, Iron and Alumina - 244

PART 1

METHODS FOR THE DETERMINATION OF THE INORGANIC
CONSTITUENTS OF PLANTS

1 THE COLLECTION AND PREPARATION OF PLANT

SAMPLES - - - - 251-257

II METHODS FOR THE ASHING OF PLANT
MATERIAL - - - - 258-275
Dry Ashing - - - - 263
Ashing with the Addition of Su!phur:c Acid - - 266
Ashing with Sulphuric Acid: Alternative Method - 267
Ashing with the Addition of Magnesium Acetate - 268
Ashing with Lime - - 268
Ashing with the Addition of Sodmm Hydroxnde - 2069
Wet Digestion with Sulphuric and Nitric Acids - - 271

Wet Digestion with Sulphuric, Nitric, and Perchloric
Acids - B - - - 272

Micro-Digestion with Sulphuric, Nitric, and Pcrchloric
Acids - - 274

1III THE DETERMINATION OF THE MORE COMMON
INORGANIC CONSTITUENTS - 276-301
Silica - - - - - - 276
Calcium and Magnesium - - - - 276
Potassium - - - - - - 284
Sodium - - - - - - 288
Phosphorus - - - - - - 291
Chlorine - - - - - - 296
Sulphur - - - - 299

IV THE DFTERMINATION OF THE TRACFE ELE-
MENTS - - - - 302-362
Boron - - - - - - 313
Cobalt - - - - B - 317
Copper - - - - - - 327
Iron - - - - - - 338
Manganeése - - - - - - 343
Molybdenum - - - - - 348
Zinc - - - - - 350
Subject Index: Soil Analym - - - - - 363

Subject Index: Plant Analysis - - - - 367



6z
a2
-3

Fig. 9

Fig. 10
Fig. 11
Fig.12
Fig. 13

Fig. 14

Fig. 15
Fig. 16

Fig. 17
Fig. 18

Fig. 19

LIST OF [LLUSTRATIONS

The quinhydrone electrode assembly - - -
The glass electrode assembly - - - -

The arrangement of the apparatus for the determination
of the conductivity of soil suspensions - -

Pipette type and dip type conductivity cells - -
Filtration of a <oil suspension by means ef a filter candle

R. J. Best’s assembly for the electrometric determination
of chlorides . - - - - -

Some typical mechanical composition or summation curves
of soils - - - - -

A comparison of the fractions in the International, former
British, and former American methods of mechani-
cal analysis - - - - -

Triangular diagram, showing the various soil texture
classes [After J. A, Prescott, J. K. Taylor and T. J.
Marshall 4)] - - -

A constant suction device for taking the pipette Sﬂmplcs in
mechanical analysis - - 3 z

Apparatus for the determination of carbonates by Hutchin-
son and MacLennan’s method - - -

Modified Passon’s apparatus for the determination of car-
bonates - - - - -

Automatic measuring apparatus for sulphuric acid and
sodivm hydroxide - - - -

Combustion train for the determination of organic carbon
Details of the filling used in the combustion tube -

An automatic burette, with self-adjusting zero, arranged
for the preservation of ferrons sulphate solution in
an atmosphere of hydrogen - - -

Pyrex glass still for the redistillation of water - -

Pipette arranged for withdrawing the amyl alcohol layer
in the determination of copper - - -

Polarizing vessel and gas train used in the polarographic
determination of zinc. [After A, Walkley (11)]

X

Page
17
22

33
34
37

53

54
63
131
133

199
218
218

225
304
336

356



