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PREFACE

This is the second revision of the first volume of a report series to make available technical information from
cooperative field and laboratory investigations of soils of the United States, Puerto Rico, and the Virgin Islands.
Thirty-six volumes of soil data and descriptions have been published in this continuing series. Soil sampling
procedures, laboratory methods, and computations used by the Soil Survey Laboratory, U.S. Department of
Agriculture, Soil Conservation Service, are described in this volume. Methods are coded, and the codes are used in
subsequent reports, Data from other laboratories are included in some cases. Methods differing from the coded
versions are identified by footnote or by special index in the volume in which the data are reported.

Most volumes include only pedon descriptions and laboratory data, Many of the pedons were sampled as part of
the national program 1o characterize a cross section of the nation’s soils. Pedons sampled for this purpose are
near the central concept for the series or an important phase of the series as it occurs in the area sampled. Some of
the data were collected during studies to answer particular questions about the soils. In some cases, pedons not
central to taxonomic concepts were sampled. These pedons may or may not represent soils of major extent in their
locality, but the data are useful for studies other than the characterization of central taxonomic units. In succeeding
volumes, such pedons are classified to the family level.

Soil description techniques have changed somewhat during the 30 years these data were being collected. The
descriptions presented are those made at the time of sampling and are, therefore, not uniform in terminology or in
quality. Field estimates of texture have been retained even though they sometimes differ from the laboratory data.
Field estimates themselves are useful; therefore, it is deemed more important to record what was perceived at the
time of sampling than to achieve complete editorial uniformity.

Laboratory methods were modified to various degrees over the years during which these data were obtained. Care
must be taken to allow for differences in methods when comparing data.
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INTRODUCTION

The methods and procddures described in this
publication are thosé in current use in the National Soil
Survey Laboratory (NSSL) of the Soil Conservation
Service. Also included are methods established
subsequent to the 1972 revision but later dropped.
Most of the methods are described in enough detail
that they can be reproduced in many laboratories
without reference to other sources. For some methods,
however, an investigator may need or want to read more
about the theory or technique of a method. Therefore,
references to the literature are included.

Headings for columns of laboratory data include
method codes of up to four characters {e.g., 6Alc)
that refer to a method described in this volume.
Method codes and the text are organized into a
standard four-level outline. Methods are identified on a
code sheet (fig. 1) included in each volume of the Soil
Survey Investigation Report series. The code sheet will
likely give enough information for someone who wants
only a general idea of the method used. For some
methods it is necessary to refer to several sections for
the complete procedure. Sample preparation, extraction
procedures, and analytical procedures are likely to be
in separate sections.

An example of how the symbols are used is seen in a
data sheet for Eschaw loamy sand (fig. 2), which
indicates that ovendry bulk density was determined by
a method having the symbol 4Alh. (See fig. 3.) The
code sheet shows that 4Alh describes the calculation
of bulk density of ovendry clods coated with Saran.
Anyone wishing to learn more of the details of this
method and preparation of the clods must read
sections 4A and 4A1 as well as the brief statement in
4A1lh.

Procedures for processing data by computer are
being tested and will be described in detail in a future
publication of this series. Central to the data-handling
system are Radio Shack rmicrocomputers. Several of
these units are interfaced with electronic balances and
other analytical instruments. The diskettes on which
data are automatically recorded are transferred to a
central data terminal for processing by a main frame
computer where the primary data are calculated,
stored, and printouts formatted. Figures 2 and 4 are
examples of computer printouts used for reporting
laboratory data. (See fig. 5.)

Major analytical instruments and other devices used
to automate analyses are identified at the beginning of
each section to provide the reader with specific
information.

Suggestions for Using $SIR No. 1

SSIR No. 1 has eight sections identified according to
general functions in the chemical and physical
characterization of soils.

1. Sample collection and preparation,

2. Conventions (for presenting data).

3. Particle-size analyses.

4. Fabric-related analyses (bulk density, water
retention, plasticity, micromorphology, and coefficient
of linear extensibility [COLE]).

5. lon-exchange analyses (cation exchange
capacity, extractable bases, base saturation,
exchangeable sodium percentage [ESP], sodium
adsorption ratio [SAR)).

6. Chemical analyses.

7. Mineralogy (X-ray, differential thermal analysis
[DTA], thermal gravimetric analysis [TGA], infra-red
[IR], optical analysis, total analyses, and surface area
measurements).

8. Miscellaneous (saturated paste/saturation
extracts, pH, ratios and estimates, resistivity, Histosol
measurements).

Methods in sections 1 through 4 are developed fully
within the respective sections. In several instances, the
chemical extractions and the analytical procedures are
in separate sections or in separate locations within a
section. This is because (1) a number of measurements
can be made on one extract or (2) an analytical
procedure can be used on several kinds of extracts. The
following examples of common characterization
methods outline the way they are handled in SSIR No.
1:

—~Methods for extractable cations are given in
section 5 (e.g., 5A8), and those for elemental analysis
are given in section 6 (e.g., 6P2b for sodium).

—A method for saturation extract is given in section
8 (e.g., 8A), and the elemental analysis is detailed in
section 6 {e.g., 6P1b for sodium).

—Extracts for elemental composition of soil minerals
are prepared as described in section 7 (e.g., 7C3) and
are analyzed by methods given in section 6 (e.g., 6Q3a
for potassium).

—A dithionite-citrate extraction procedure is given in
section 6 (6C2).

Analytical procedures are also given in section 6—iron
(6C2b), aluminum (6G7a), and manganese (6D2a).



Sl Units—Possible Changes in NSSL Data Sheet

The scientific community has urged that the
International System of Units (S| units) be adopted for
all scientific notation. For the NSSL data sheet to
conform to Sl notation, the following are examples of
changes that are probable and are included here for

information:

Soil physics  Present
notation

Water suc-  bars

tion

Bulk density g/cm?®

Soil chemistry

Extractable
bases

meq/100 g

Cation ex-
change
capacity

meq/100 g

Soluble cat-
ions

meq/liter

Soluble an-
1ons

meqg/liter

Electrical mmhos/cm
conduc-

tivity

Figure 1.

% Factor
x 100 =
X 1 =
X 1=
4 1=
% 1=
x 1=
X 1=

Sl units Comment

kPa kilopascals—po-
tential energy
of soil water

Mg/m? megagrams per
cubic meter

cmol centimoles of

(p+)Vkg positive
charge per
kilogram

cmol centimoles of

(NH,+)kg ammonium
ion charge per
kilogram (spe-
cifies ammo-
nium ion as
the replacing
cation)

mmol mtlimoles of

(p+ )L positive
charge per
liter

mmol millimoles of

(e—)/L negative
charge per
liter

dS/m decisiemens per

meter

Code Sheet for Laboratory Methods

1. SAMPLE COLLECTION AND PREPARATION

A. Field sampling

1. Site selection

2. Pedon sampling
a. Soils with rock fragments
b. Marsh and swamp soils
¢. Hydraulic probe

B. Laboratory preparation
1. Standard (air-dry)

a. Square-hole 2-mm sjeve

b. Round-hole 2-mm sieve*
Field moist
Carbonate-cantaining material
Carbonate-indurated material*
Rock fragments (>2 mm)

a. 2-20 mm

b. <20 mm
6. Whole soil

o B W

2. CONVENTIONS

A. Size-fraction base for reporting
1. <2mm
2. >2 mm, specified size

B. Data sheet symbols

3. PARTICLE-SIZE ANALYSES

A. Particles <2 mm (pipet method)
1. Air-dry samples
a. Carbonate and noncarbonate clay |
b. Fine clay (<0.2u)
c. Water-dispersible clay
d. Carbonate and noncarbonate clay I
2. Moist samples
a. Carbonate and noncarbonate clay |
b. Fine clay (<0.2p)
c. Water-dispersible clay
d. Carbonate and noncarbonate clay I!

B. Particles =2 mm

1. Weight estimates

a. By field and laboratory weighing

b. From volume and weight estimates
2. Volume estimates

4. FABRIC-RELATED ANALYSES

A. Bulk density

1. Saran-coated clods
Field state (Dby)
Air-dry*
30-cm absorption*
Ya-bar desorption | (Db, ,3)
Ya-bar desorption 11*
Ys-bar desorption I11*
Yio-bar desorption*

™ +rP 00T

* Denotes methods not currently in use by
NSSL, and not included in this publication.



h. Ovendry (Dby)

i. Rewet (Db,)
2. Paraffin-coated clods*
a. Ovendry*
3. Cores

a. Field moist
4, Nonpolar-liquid-saturated clods*

Water retention

1. Pressure-plate extraction
a. Air-dry <2 mm (0.06, Y10, or 2 bars)
b. Soil pieces*
¢. Natural clods (0.06, Yo, ¥, or

1 ban)
d. Cores
e. Rewet

2. Pressure-membrane extraction
a. Air-dry <2 mm (15 bars)
b. Field-moist <2 mm (15 bars)
3. Sand-table absorption*
4, Field state
5. Air-dry

Water-retention difference (WRD)

1. Between Yz and 15 bars
2. Between Yio and 15 bars
3. Between V3 bar rewet and 15 bars (air-dry)

Coefficient of linear extensibility (COLE)
1. Air-dry or ovendry to ¥ bar
Micromorphology

1. Thin sections

a. Preparation

b. Interpretation

¢. Moved-clay percentage*
2. Scanning electron microscopy*

Plasticity index
1. Liquid limit
2. Plastic limit

ION-EXCHANGE ANALYSES

A. Cation-exchange capacity

1. NH40Ac, pH 7.0, Bichner funnel* (CEC-7)
a. Direct distillation*
b. Displacement, distillation*
2. NaOAc, pH B.2*
a. Centrifuge method*
3. By summation
a. Sum of cations (CEC-8.2)

b. Effective cation exchange capacity
(ECEC)
4, KOAc, pH 7.0*
5. BaCl,, pH 8.2*
a. Barium by flame photometry*
6. NH40Ac, pH 7.0, leaching tube* (CEC-7)
a. Direct distillation*

7. NH4CI
a. Direct distillation
8. NH40Ac, pH 7.0, automatic extractor
(CEC-7)
a. Direct distillation
b. Steam distillation
9. NH4Cl, automatic extractor
a. Direct distillation
b. Steam distillation

Extractable bases

1. NH,40Ac, pH 7.0, Biichner funnel*

a. Uncorrected™*

b. Corrected (exchangeable)*
KCI-TEA extraction, pH 8.2*
KCI-TEA, pH 8.2 (revised)*

a. Uncorrected*

b. Corrected (exchangeable)*
NH40Ac, pH 7.0, leaching tube*

a. Uncorrected* ‘

b. Corrected (exchangeable)*
NH40Ac, pH 7.0, automatic extractor

a. Uncorrected (extractable)

b. Corrected (exchangeable)

B wn

o

Base saturation

1. NH40Ac, pH 7.0
2. NaOAc, pH 8.2*
3. Sum of cations, TEA, pH 8.2

Exchangeable Sodium Percentage (ESP)

1. NaOAc, pH 8.2*
2. NH40Ac, pH 7.0

Sodium-adsoarption ratio
Calcium saturation®

1. NH4OAc, pH 7.0*
Aluminum saturation

1. Bases plus aluminum

6. CHEMICAL ANALYSES
A. Organic carbon

1. Acid-dichromate digestion



a. FeS0Q, titration*
b. CO, evolution, gravimetric
¢c. FeS0, titration, automatic titrator
2. Dry combustion
a, CO; evolution I*
b, CO, evolution II*
¢. CO- evolution |1l
3. Peroxide digestion™
a. Weight loss*
4. Sodium pyrophosphate extraction
a. CO; evolution, gravimetric

Nitrogen.

1. Kjeldahl digestion |
a. Ammonia distilation*
b. Ammonia distillation, automatic
titrator
2. Semimicro Kjeldah!*
a. Ammonia distillation*
3. Kjeldahl digestion I
a. Ammonia steam distillation,
automatic titrator

lron

1. Dithionite extraction*
a. Dichromate titration*
b. EDTA titration*
Dithionite-citrate extraction
a. Orthophenanthroline colorimetry*
b. Atomic absorption
Dithionite-citrate-bicarbonate extraction*
a. Potassium thiocyanate colorimetry*
Pyrophosphate-dithionite extraction*
Sodium pyrophosphate extraction |*
a. Atomic absorption*
6. Ammonium oxalate extraction®
a. Atomic absorption*
7. HF dissolution
a. Atomic absorption

o

w

ik

8. Sodium pyrophosphate extraction |l
a. Atomic absorption
Manganese

1. Dithionite extraction*

a. Permanganate colorimetry*
2. Dithionite-citrate extraction

a. Atomic absorption

Calcium carbonate

1. HC treatment
a. Gas volumetric*
b. Manometric

Weight loss*
Weight gain*
Titrimetric*
Warburg method*
g. Manometer, electronic
2. Sensitive qualitative method*
a. Visual, gas bubbles”
3. H-80, treatment*
a. Weight gain*
4, <20-mm basis

~® Qoo

F. Gypsum

1. Water extract
a. Precipitation in acetone
b. Indirect estimate
¢. Chromatograph

2. Weight loss

3. Correction for crystal water

4., <«<20-mm basis

5. Gypsum requirement

G. Aluminum

1. KClI extraction {, 30 min*
a.  Aluminon I*
b. Aluminon II*
c. Aluminon Il1*
d. Fluoride titration*
e. Atomic absorption*
2. KClI extraction Il, overnight*
a. Aluminon I*
3. NH,OAc extraction*
a. Aluminon II*
4, NaOAc extraction*
a. Aluminon HI*
5. Sodium pyrophosphate extraction 1*
a. Atomic absorption™
6. Ammonium oxalate extraction*
a. Atomic absorption*
7. Dithionite-citrate extraction
a. Atomic absorption
8. NH4CI, automatic extractor
a. Atomic absorption
9. KCI, automatic extractor
a. Atomic absorption
10. Sodium pyrophosphate extraction i1
a. Atomic absorption
11. HF dissolution
a. Atomic absorption

H. Extractable acidity

1. BaCl,-triethanolamine 1*
a. Back-titration with HCi*



2. BaCly-triethanolamine I1*

a. Back-titration with HCI*
3. KCl-triethanolamine*

a. Back-titration with NaQH*
4, BaCly-triethanolamine (li

a. Back-titration with HCI, automatic

titrator
5. BaCl,-triethanolamine |V, automatic
extractor

a. Back-titration with HCI, automatic

titrator
Carbonate

1. Saturation extract
a. Acid titration*
b. Acid titration, automatic titrator

Bicarbonate

1. Saturation extract
a. Acid titration*
b. ‘Acid titration, automatic titrator

Chloride

1. Saturation extract
a. Mohr titration*
b. Potentiometric titration*
¢. lon chromatograph

Sulfate

1. Saturation extract
a. Gravimetric, BaS0,*
b. EDTA titration*
c. lon chromatograph
2. NH40Ac extraction*
a. Gravimetric, BaSQ,*

Nitrate

1. Saturation extract
a. Phenoldisulfonic (PDS) acid
colorimetry*
b. Diphenylamine*
¢. lon chromatograph

Calcium

1. Saturation extract
a. EDTA titration*
b. Atomic absorption
2. NH4OAc extraction
a. EDTA-alcohol separation*

b. Oxalate-permanganate i*

c. Oxalate-permanganate I1*
Fe, Al, and Mn removed*
d. Oxalate-cerate*
e. Atomic absorption
NH,4CI-EtOH extraction*
a. EDTA titration*
4. KCI-TEA extraction*
a. Oxalate-permanganate*
b. EDTA titration*
¢. Atomic absorption*
5. HF dissolution
a. Atomic absorption

w

Magnesium

1. Saturation extract
a. EDTA titration*
b. Atomic absorption
2. NH4OAc extraction
a. EDTA-alcohol separation*
b. Phosphate titration*
¢. Gravimetric, Mg,P,0,*
d. Atomic absorption
3. NH4CI-EtOH extraction*
a. EDTA titration*
4. KCI-TEA extraction*
a. Phosphate titration*
b. EDTA titration*
c. Atomic absorption*
5. HF dissolution
a. Atomic absorption

Sodium

1. Saturation extract
a. Flame photometry*
b. Atomic absorption
2. NH;0Ac extraction
a. Flame photometry*
b. Atomic absorption
3. HF dissolution
a. Atomic absorption

Potassium

1. Saturation extract
a. Flame photometry*
b. Atomic absorption
2. NH40Ac extraction
a. Flame photometry*
b. Atomic absorption
HF dissolution
a. Atomic absorption

w



Sulfur

1. NaHCOz extract, pH 8.5*
a. Methylene blue*
2. HCl release (sulfide)*
a. lodine titration*
3. S0, evolution
a. KlQs titration

Phosphorus

1. Perchloric acid digestion*
a. Molybdovanadophosphoric acid
colorimetry*
2. Adsorption coefficient

Boron

1. Saturation extract
a. Carmine colorimetry

Fluoride

1. Saturation extract
a. lon chromatograph

Silicon

1. HF dissolution
a. Atomic absorption

7. MINERALOGY

Instrumental analysis

1. Preparation*

a. Carbonate removal*

b. Organic-matter removal*

¢. lron removal*

d. Particle-size fractionation*

e. PSDA pretreatment*

2. X-ray diffraction ,

a. Thin film on glass, solution
pretreatment*

b. Thin film on glass, resin pretreatment
'*

c. Thin film on glass, NaPQ4
pretreatment |*

d. Thin film on tile, solution
pretreatment*

e. Thin film on tile, resin pretreatment*

f.  Thin film on tile, NaPQ3
pretreatment*

g. Powder mount, diffractometer
recording*

h. Powder mount, camera recording*

i. Thin film on glass, resin pretreatment
I
j.  Thin film on glass, NaPQO3
pretreatment ||
k. Powder mounts
3. Differential thermal analysis
4. Thermal gravimetric analysis
5. Infrared analysis

Optical analysis

1. Grain studies

a. Grain mounts, epoxy

b. Grain mounts, Canada balsam
2. Electron microscopy*

Total analysis

1. NayCO; fusion*

2. X-ray emission spectrography*
3. HF dissolution

Surface area

1. Gylcerol retention*
2. Ethylene glycol monoethyl ether (EGME)
retention

8. MISCELLANEOQUS

A,

Saturated paste, mixed

1. Saturation extract*
a. Conductivity*
b. Conductivity, quick test*

2. Bureau of Soils cup, conductivity*

3. Saturation extract, automatic extractor
a. Conductivity, digital bridge

Saturated paste, capillary rise*

1. Saturation extract*
a. Conductivity*

Reaction (pH)

1. Soil suspensions
Water dilution*
Saturated paste
KCI*
NaF
CaCIQ*
Water dilution and CaCl,, automated
system

g. KCl, automated system
2. Organic materials

a. CaCl,

~PaooTw



D. Ratios and estimates

To total clay

To noncarbonate clay

Ca to Mg (extractable)

Estimated clay percentage

Estimated total salt

Sodium pyrophosphate iron and aluminum
(spodic horizon)

7. Index of accumulation (spodic horizon)

oW

Soil resistivity

1. Saturated paste

Mineral content

1. Loss on ignition (400° C)
Fiber volume

1. Water dispersed
Pyrophosphate color

Salt prediction



ECHAW

SANPLED AS: SANDY, SILICEOUS, THERMIC EATIC HAPLOHUROD

5 803C-051 -003 SABPLE NOS. BOP2737 - 2746 DATE 11/08/82

COASTAL PLAIR STOUDY (NC-5C) USG5

GENERAL METHODS 1BVA, 2A7, 2B

B. 5. DEPARTEENT OF AGRICULTURE
SOIL CONSERVATION SEKRVICE

NATIONRL SOIL SURVEY LABORATORY
LIECOLE, EEBRASKA
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ANALYSES: S= ALL ON SIEVED <2HA BASIS
NINERALOGY: KIND OF HINERAL KK KAOLINITE GI GIBBSITE

Figure 2.—Laboratory data sheet for an acid soil, Echaw
S80SC-051-003, Project No, CP80-8C295, from Horry
County, South Carolina.



Series: Echaw Taxadjunct Date; 8/81

Pedon No: $803C-051-003

Taxonomy: Sandy, siliceous, thermic Entic Haplohumod.

Latitude: N33 Deg. 48 Min. Longitude: WO79 Deg. 06 Min.

MLRA: 153 A Atlantic Coast Flatwoods

Physiography: Barrier bar in coastal plain

Geomorphic Position: On the crest interfluve summit

Slope and Aspect: 1 pct plane Elevation:

Microrelief: none

Air Temp. 17C Summer: 26C Winter: 8C

Precipitation: 137 cm Udic moisture regime.

Water Table: Not observed

Drainage: Moderately well drained Permeability:

Stoniness:

Land Use: Cropland

Erosion or Deposition:

Parent Material: moderately weathered, marine from unspecified material

Described by: D. C. Hallbick and R. T. Eppinette

Sampled by M. J. Mausbach, Pedon is a taxadjunct because of clay increase in Bt.

AP 0 —23cm. -Darkgray (10YR 4/1) loamy sand; single grain structure; common fine roots; pH= 5.6,
medium acid; clear smooth boundary.
80pP2737 :

A21 23— 37 cm. Light yellowish brown (1LOYR 6/4) fine sand; a few fine distinct very pale brown (10YR
7/3) mottles; single grain structure; common fine roots; pH = 5.6, medium acid; clear smooth boundary.
80P2738

A22 37 —55¢cm. Very pale brown (10YR 7/4) loamy sand; common fine faint brownish yellow (10YR 6/6)
mottles; single grain structure; a few fine roots; pH=>5.6, medium acid; clear smooth boundary.
80P2739

B21t 55 — 73 cm. Light yellowish brown (10YR 6/4) loamy sand; common medium faint brownish yellow
(10YR 6/6) and a few fine distinct yellowish brown (10YR 5/8) mottles; massive parting to weak coarse
subangular blocky structure; a few fine roots; pH = 5.2, strongly acid; clear smooth boundary
80P2740

B22t 73 — 91 cm. Light yellowish brown (10YR 6/4) loamy sand; common medium faint brownish yellow
(10YR 6/6) and a few fine distinct yellowish brown (10YR 5/8) mottles; massive parting to weak coarse
subangular blocky structure; a few fine roots; pH=15.2, strongly acid; clear smooth boundary.
80P2741

A2 91 — 105 cm. Brown to dark brown (10YR 4/3) sand; single grain structure; common fine roots; silica
concretions; clear smooth boundary.
80P2742

Bih 105 — 126 cm. Dark brown (7.5YR 3/4) sand; common medium distinct dark grayish brown (10YR
4/2) mottles; single grain structure; a few fine roots; fine ironstone nodules; pH=5.8, medium acid; clear wavy
boundary. :
80P2743

B2h 126 — 169 cm. Black (10YR 2/1) sand; massive structure; a few fine roots; pH=6.0, slightly acid;
gradual smooth boundary.
80P2744 126 to 146 cm, 80P2745 146 to 169 cm. Few uncoated sand grains.

B3h 169 —190 cm. Very dark brown (10YR 2/2) sand; massive structure.
80P2746

Figure 3.—Site and pedon description for Echaw S80SC-051-003 from Horry County, South Carolina.
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Figure 4.—Laboratory data sheet for a pedon with soluble salts,
Weiser S8ONV-003-008, Project No, CP80-NV179, from
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Series: Weiser Date: 8/81

Pedon No: S80NV-003-008

Taxonomy: Loamy-skeletal, carbonatic, thermic Typic Calciorthid.

Latitude: N36 Deg. 17 Min. Longitude: W115 Deg. 02 Min.

Location: Clark Co. 70M S & 54M W of the NE corner, sec.21,7.195.,R.608,.
75 M SE of gravel road south of railroad

MLRA: 30 Sonoran Basin and Range

Physiography: Fan in level to undulating upland

Geomorphic Position: On lower third hillside toeslope

Slope and Aspect: 2 pct plane Elevation:

Microrelief: none

Air Temp. 18C Summer: 29C Winter: 7C

Precipitation: 10-cm Aridic moisture regime.

Water Table: Not observed

Drainage: Permeability:

Stoniness:

Land Use: Desert shrubland, ungrazed

Erosion or Deposition:

Parent Material: slightly weathered, alluvium from metamorphic-sedimentary

All 0—5cm. Pale brown (10YR 6/3) graveliy fine sandy loam, brown (10YR 5/3, when moist); moderate
medium platy structure; friable, soft; common fine and common very fine roots; common fine vesicular and
common very fine vesicular pores; violently effervescent; abrupt smooth boundary.
80P1260

Al2 5—10cm, Pink (7.5YR 7/4) gravelly fine sandy loam, strong brown (7.5YR 5/6, when moist) weak
coarse platy structure; friable, soft; common fine interstitial and a few fine tubular pores; fine calcium
carbonate; violently effervescent; abrupt wavy boundary.
80P1261

2Clca 10 — 44 cm. Pink (7.5YR 7/4) gravelly loam, strong brown (7.5YR 5/6, when moist); massive
structure; friable, soft; a few fine interstitial and a few medium interstitial pores; common medium calcium
carbonate concentrations; violently effervescent; clear wavy boundary.
801262

2C2ca 44 — 61cm. Light brown (7.5YR 6/4) gravelly sandy loam, strong brown (7.5YR 5/6, when moist);
massive structure; friable, soft; a few fine interstitial and a few medium interstitial pores; violently effervescent;
gradual boundary.
80P1263

3C3 61 — 107cm. Light brown (7.5YR 6/4) gravelly fine sandy loam, brown (7.5YR 5/4, when moist);
massive structure; friable, soft; a few fine roots; a few fine interstitial and a few medium interstitial pores;
common fine rounded caicium carbonate concentrations and common medium rounded worm casts; violently
effervescent.
80P1264

4C4cam 107 — 165cm. Brown to dark brown (7.5YR 4/4) and pinkish white (7.5YR 8/2) texture not
recorded, pinkish white (7.5YR 8/2, when moist); massive structure; smeary, very moist or wet; a few fine roots;
violently effervescent.
80P1265

Figure 5.—Site and pedon description for Weiser SBONV-003-008 from Clark County, Nevada.
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SAMPLE COLLECTION AND PREPARATION 1

Aluminum cases are used for shipping sampling
equipment, supplies, and samples to and from field
locations. Cardboard boxes, designed to fit the
aluminum cases are used for shipping natural clod
samples for bulk-density (4A1), water-retention (4B1),
and thin-section (4E1) studies. Bulk samples are
collected in 8-mil plastic bags, 23 x 51 cm (9 x
20 in), that are closed before shipping by stapling the
folded opening. The samples are then shipped in
canvas laundry bags.

Field Sampling 1A

Site Selection 1A1

Site selection, descriptions of the site and soil, and
careful sample collection are requisite to successful
soil analysis. Locate the site away from roads, fence
rows, old farmsteads, and any other features that may
have caused aberrant properties.

If duplicate (paired) pedons are to be sampled, the
sites should be 1.5 to 30 km (1 to 20 mi) apart, and
in different mapping delineations. If a transect is to be
sampled, care must be taken to ensure that the
variable being tested can be adequately assessed after
considerations of other variables in the transect.
Satellite pedons can be used very effectively to
augment data from a heavily studied central site.
Distances apart may be a matter of meters or
kilometers for these pedons, depending upon the
nature of the test being undertaken.

Pedon Sampling 1A2
Sample freshly dug pits. Dig the pit at least 1 by
2 m across and at least 2 m deep, or into the C horizon,
whichever is deeper, or to bedrock if shallower than 2
m. Make supplemental borings or excavations if
necessary to assess and describe pedons larger than
the pit. In laterally uniform pedons, sample in a
vertical pattern 30 to 50 cm wide. Each sample should
represent the entire cross section of each horizon.
Place a 3- to 5-kg sample, representative of the
horizon, in an 8-mil, 4L plastic bag (about
three-fourths full). Fold top of bag, place tag in fold
and staple. Mark depth, horizon, and pedon number on
the tag. Clods for determining bulk density and water
retention are normally too small to cover the entire
cross section of the horizon and should be taken from
the center. Clods for thin sections should come from
the feature of interest. Clods can be packaged in
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plastic bags and placed in cardboard clod boxes for
transport. If horizons of a pedon are discontinuous or
vary greatly in thickness or degree of expression,
collect samples from different parts of the pedon (or
different locations on the pit face). If convenient, start
sampling at the bottom of the pit to minimize
contamination.

If rock fragments =20 mm are present, follow
procedures outlined in 1A2a. For contrasting soil
materials, estimate the proportions of each component
and record in the pedon description. Sample
components separately, if reasonable. Make arbitrary
subhorizons if morphologically recognizable horizons
are more than 30 c¢m thick in the upper part of the
pedon or more than 60 c¢cm in the lower part. Consider
the requirements of the classification system in
locating subhorizon boundaries.

If for some reason a pit cannot be dug, samples can
be taken with a probe core technique as in 1A2¢. Bulk
and clod samples can be taken from probe cores;
however, cores smaller than 5 ¢cm are not suitable for
bulk density and water content determination.

For fabric analyses, take samples from the most
representative part of the horizon.

Soils with rock fragments 1A2a

Size limits.—The upper size limit for rock fragments
is the size of the pedon. The term “rock fragments”
refers to particles 2 mm in diameter or larger and
includes all sizes that have horizontal dimensions less
than the size of a pedon. It is not the same as coarse
fragments, which excludes stones and boulders larger
than 250 mm. Coarse fragments are 2 to 250 mm.
Laboratory data sheets normally report size classes up
to 75 mm or 250 mm. The largest size sent to the
laboratory with 3- to 5-kg samples is 20 mm.

Volume estimates.—Record in the pedon description
the volume percentage estimates of rock fragments
>250 mm (10 in), 75 to 250 mm (3 to 10 in), and
20 to 75 mm (¥4 to 3 in). Collect a 3- to 5-kg samaple
of the <20-mm soil material, and store it in an airtight
plastic bag if field moisture content is to be
determined. Calculate the volume percentages of
coarse fragments (3B2).

Weight estimates.—Estimate and record the volume
percentage of the =>75-mm fraction as outlined in
volume estimates. Collect and weigh a 15- to 20-kg
sample of the <75-mm fraction. Sieve out and weigh
the 20- to 75-mm fraction. Record the weights of the
20- to 75-mm fraction and the <75-mm fraction.



Collect a 3- to 5-kg sample from the <20-mm fraction,
and store it in an airtight plastic bag for determination
of field moisture content. Calculate the weight
percentage of coarse fragments (3B1).

Marsh and swamp soils 1A2h

If the soils are drained or the natural water table is
below the surface, samples of upper layers can be
obtained from a pit. Undisturbed samples below the
water table can be obtained with a Macaulay peat
auger. If undisturbed blocks can be removed intact,
bulk density samples can be carved to known
dimensions with a sharp knife or carved to fit snugly
into a moisture can.

Larger samples of layers below a water table can be
obtained with post-hole diggers. Remove the surface
mat with a spade. Sample lower layers with the
post-hole digger. Place samples of each layer on plastic
for examination. Transfer samples to plastic bags,
knead to remove air, and tie off with a twist-tie. Place
in second (heavy) plastic bag and label. Undisturbed
samples of soft materials can be obtained with a
Macaulay peat auger.

Hydraulic probe 1A2¢

Select the site from coring determinations by hand or
small hydraulic probe. Set the prabe truck to take
large-diameter (8-cm) core samples. Take three or four
cores of the upper layers, generally to the depth that
would be sampled from a pit excavation. Lay the cores
out side by side on plastic or canvas ground cloth,
Continue downward at the last probe core point to
obtain samples to the depth desired. With a sharp knife
trim the exterior to remove any oil and contaminating
soil material. Split one core open to mark out horizon
boundaries. .Take bulk density clods from the intact
cores with a knife or spatula and proceed as described
in 4A1. Coat clods with Saran and place them in
plastic bags as soon as practicable, to keep them from
drying and cracking. Take bulk samples for the various
horizons from the remaining material. The method is
most useful in sampling downward from the bottom of
a pit. Be sure that cores represent pedons.

Laboratory Preparation 1B

Standard (Air-Dry) 1B1
Spread the field samples on trays and air-dry at 30°

to 35° C. Thoroughly mix and roll the sample with a

wooden rolling pin to break up clods to pass a 2-mm

sieve. Sieve out the =>2-mm fractions (2 to 5 mm and
5 to 20 mm), weigh, and set aside. Continue rolling
and sieving until only coarse fragments that do not
slake in water or sodium metaphosphate dispersant
(3A1) remain on the sieves. Use a rubber roller for
samples with easily crushed coarse fragments. A
mechanical sieving device may be used to break up the
clods and separate the >2-mm fractions. Calculate the
percentages of the various fractions as described in 3B.

Square-hole 2-mm sieve 1B1a
Pass sample through a square-hole, 2-mm sieve.

Field Moist 1B2

Force the field-moist sample through a 2-mm screen
by hand, using a large rubber stopper. If >2-mm
material is not to be separated, thoroughly mix sample
in a plastic bag by kneading. Place sample in a second
plastic bag and store in suitable container.

Carbonate-Containing Materiél 1B3

Procedure

Prepare dialysis membrane sacks from 5¥%-inch
cellulose casing (Visking Company), using large rubber
bands to tie the bottoms. Place the sample (as much
as 6 kg if very gravelly and highly calcareous) in a
dialysis membrane and add about 1 L pH , N NaOAc
buffer. Tie the top of the dialysis membrane around a
glass breather tube 4 in long and hang the assembly in
a 60-L reservoir of buffer held in a 20-gal plastic
garbage can. If carbonate is dissolving, knead the
membrane to release bubbles of CO,. When bubbles of
CO; no longer form on kneading, open the dialysis
membrane and use strong acid to check the coarser
material for carbonate coatings (carbonate remains
longer in the coarser material). When sample is free of
carbonate, desalt it by dialysis against tap water
flowing continuously through a large plastic garbage
can. Check the ionic concentration inside the
membrane by measuring conductivity of a small volume
of the supernatant liquid poured out through the
breather tube. Continue dialysis until the salt
concentration is less than 10 meq/L.

The procedure used to dry the sample depends on
whether the particles larger than 2 mm have been
removed before buffer treatment. If they have been
removed, withdraw excess water from the sample in the
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membrane with filter candles. Knead the membrane to
mix the sample and place it in contact with ethanol to
desiccate further. Remove the sample from the
membrane and air-dry.

If the buffer-treated sample contains particles larger
than 2 mm, wet sieve the sample through a 2-mm
sieve. Then dry sieve the material remaining on the
sieve (=2 mm) and add the <2-mm fraction from this
sieving to the <2-mm fraction separated by the wet
sieving. Remove most of the water from the <2-mm
fraction with filter candles. Use ethanol to transfer the
samples to shallow pans and dry. Ethanol prevents
aggregation of clay into durable flakes during drying.

Discussion

The time required for carbonate removal varies
greatly, depending on particle size, percentage and
type of carbonate, and sample size. Samples from
horizons strongly cemented by carbonate have required
as long as 2 months. The concentration of
alkaline-earth ions in the buffer greatly affects the rate
of carbonate removal. Changing the buffer in the
reservior well before the buffer capacity has been
exhausted, thereby keeping the alkaline-earth ion
concentration low, increases the rate markedly.
Desaiting usually takes about 4 days.

For carbonate-cemented horizons, the whole sample,
not just the <.2-mm material, must be buffer treated.
Furthermore, for horizons without carbonate
cementation, buffer treatment of the whole sample has
the advantage of washing the >2-mm skeletal material
free of adhering fines and organic material. This
problem is considered further in 1B4.

For very gravelly horizons, large samples (several
kilograms) are necessary for buffer treatment because
of the small amount of <2-mm material. Using large
samples also increases precision of the =>2-mm
percentage.

Reference
Grossman and Millet (1961).

Coarse Fragments (2-20 mm) 1B5

2 to 20 mm 1B5a
Crush 2 to 20 mm coarse fragments from 1B1 to
<2 mm in a Denver Fire Clay Crusher.
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<20 mm 1B5h
Mix thoroughly crushed material from 1B5a with fine
earth material from 1B1la.

Whole Soil 1B6
Spread the field samples on trays and air-dry at 30°

to 35° C. Use a Denver Fire Clay Crusher and reduce

all material to pass a 2-mm sjeve.



CONVENTIONS 2
Size ‘Fraction Base for Reporting Data 2A
<2mm 2A1

Unless otherwise specified, all data are reported on a
<2-mm base,

>2 mm, Specified Size 2A2

The maximum coarse fragment size for the >2-mm
base varies with the relative proportions of the coarse
fractions. The base usually includes the entire fraction
<75 mm (<3 in) and sometimes the <250-mm
(<< 10-in) fraction. The percentage of those 75 to
250 mm is usually recorded in the field and not
measured in the laboratory.

Record the maximum particle size of the base in the
‘data sheet column heading; for example, <75 mm.
The base used to calculate the >2-mm percentages
reported in the column includes all material in the
sample smaller than the size recorded in the heading.

Data Sheet Symbols 2B

The following conventions are used for trace and zero
quantities and for samples not tested.

Tr = Trace, either not measurable by
quantitative procedure used or less than reportable
amount,

Analysis run but none detected.

il

blank = Analysis not run.

PARTICLE-SIZE ANALYSES 3

An automated balance system, consisting of a Radio
Shack Model il microcomputer interfaced to a Mettler
PL2000 electronic balance (for sand) and a Mettler
AE160 electronic balance (for silt and clay), is used for
determining, storing, and processing sample weights.

Particles <2 mm (Pipet Method) 3A
Air-Dry Samples 3A1
Apparatus

Fleaker, 300 ml (tare to 1 mg).

Pasteur-Chamberlain filter candles, fineness “F.”

Shaker, horizontal, 120 oscillations per minute,

Cylinders, 1,000 mi.

Stirrer, motor-driven.

Stirrer, hand. Fasten a circular piece of perforated
plastic to one end of a brass rod.

Shaw pipet rack.

Pipets, 25 ml automatic (Lowy with overflow bulb).

Polyurethane foam, pipe-insulating cover

Shaker with Y2-in vertical and lateral movements and
500 oscillations per minute. Accommodates a nest of
sieves.

Wide-mouth glass pill bottles with screw caps, 90 ml
(tare to 1 mg).

Electronic balance (0.1-mg sensitivity).

Set of sieves. Square mesh woven phosphor bronze
wire cloth. U.S. Series and Tyler Screen Scale
equivalent designations as follows:

Opening u.s. Tyler
{(mm) no. mesh size
1.0 18 16
0.5 35 32
0.25 60 60
0.105 140 150
0.046 300 300

Reagents

Hydrogen peroxide (H,05), 30 to 35 percent.

Sodium hexametaphosphate (NaPQs)s. Dissolve 35.7
grams of (NaPQ3)g and 7.94 grams of Na>CO5 per liter
of water.

Demineralized water.
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Procedure

Removing organic matter.—Place about 10 g air-dry
soil containing no particles larger than 2 mm in a tared
Fleaker. Add about 50-ml of demineralized water
{referred to subsequently as water) and then add 5 ml
of H,0,. Cover the Fleaker with a watchglass. If a
violent reaction occurs, repeat the cold H,0, treatment
periodically until no more frothing occurs. Heat the
Fleaker to about 90° C on an electric hot plate. Add
H50; in 5-ml quantities at 45-min intervals until the
organic matter is destroyed, as determined visually.
Continue heating for about 30 min to remove any
excess Ha0o.

Removing cementing agents (optional).—Treat the
sample with about 200 ml of 1N sodium acetate
buffered at pH 5 to remove carbonates. When CQ;
bubbles are no longer evident, wash free of salts with a
filter candle system. Highly calcareous samples may
need a second treatment.

Remove siliceous cementing agents by soaking the
sample overnight in O.1N NaQH. Iron oxide cementing
agents are removed by shaking overnight in sodium
dithionite (6C2). Wash free of salts with filter candle
system before proceeding.

Removing dissolved mineral and organic
components.—After the H,0, treatment, place the
Fleaker in a rack and add about 150 ml of water in a
jet strong enough to stir the sample well. Filter the
suspension through a short Pasteur-Chamberlain filter
of “F” fineness. Five such washings and filterings are
usually enough except for soils containing much coarse
gypsum. Remove soil adhering to the filter by gentle
back pressure; use finger as policeman. Dry the sample
overnight in an oven at 105° C, cool in a desiccataor,
and weigh to the nearest milligram. Use the weight of
the overdry, H,0,-treated sample as the base weight
for calculating percentages of the various fractions.

Dispersing the sample.—Add 10 ml of sodium
hexametaphosphate dispersing agent to the Fleaker
containing ovendry treated sample. Make the volume to
approximately 200 ml. Stopper and shake overnight on
a horizontal reciprocating shaker at 120 oscillations per
minute.

Separating sands from silt and clay.—Wash the
dispersed sample with water on a 300-mesh sieve. Silt
and clay pass through the sieve into a 1-L cylinder.
Use a clamp and stand to hold the sieve above the
cylinder. Avoid using jets of water in washing the
sample. Gently tap the sieve clamp with the side of the
hand to facilitate sieving. Continue washing until the
suspension volume in the cylinder is about 800 mi.
Sand and some coarse silt remain on the sieve. It is
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important to wash all particles of less than 20
diameter through the sieve. Remove the sieve from the
holder, wash the sands into an evaporating dish with
water, and dry at 105° to 110° C, Bring the silt and
clay suspension in the cylinder to 1 L with water and
cover with a watchglass.

Pipetting.—First pipet the <20-p. fraction at a 10-cm
depth. Vary sedimentation times according to
temperature. Next, pipet the <<2-p fraction after a
predetermined settling time (usually 4%z to 6%z hr),
Vary depth according to time and temperature. Use a
Lowy 25-ml automatic pipet and regulate filling time to
about 12 s, Before each pipetting, stir material in the
sedimentation cylinder for 6 min with a motor-drive
stirrer (8 min if suspension has stood for more than 16
hr). Remove from stirrer, slip a length of
pipe-insulating cover over sedimentation cylinder, and
stir the suspension for 30 s with a hand stirrer, using
an up-and-down motion. Note the time at completion
of stirring. About 1 min before sedimentation is
complete, lower the tip of the pipet slowly into the
suspension to the proper depth with a Shaw pipet rack.
At the appropriate time, fill the pipet and empty into a
90-ml, wide-mouth bottle. Rinse the pipet into the
bottle once. Dry in an oven overnight at 105° C. Cool in
a desiccator containing phosphorus pentoxide (P»0s).
Weigh.

Sieving and weighing the sand fractions.—Transfer the
dried sands to a nest of sieves. Shake for 3 minon a
shaker that has Y2-in vertical and lateral movements
and oscillates at 500 strokes per minute. Record the
weights of the individual sand fractions.

Calculations
Pipetted fractions:

Percentage of pipetted fractions = (A—B)KD
where

A = weight (g) of pipetted fraction
B = weight correction for dispersing agent (g)
K = 1,000

"~ miin pipet

100
g of Hy05-treated ovendry total sample

The <20-p fraction minus the <2-u fraction equals
fine silt.



Sand fractions:
Percentage of sieved fractions = weight (g) of
fraction on sieve times D.

Coarse silt fraction:
Obtain by difference. Subtract the sum of the
percentages of sand plus the <20-p. fraction from 100.

References

Kilmer and Alexander (1949), Kilmer and Mulling
(1954), Tyner (1939), and Grossman and Millet
(1961).

Carhonate and noncarbonate clay | 3Al1a

Apparatus
Warburg manometer.
Ys-0z (5-ml) gelatin capsules.
30-ml plastic cups.

Reagents
Hydrochloric acid (HC!), 6N.

Procedure

If carbonate is present, use the glass bottle
containing clay residue from regular pipet analysis and
determine carbonate as in 6E1b. Use Warburg
manometer.

Calculations
Carbonate clay (pct. <2 mm) (Cc)

e = (upper — lower reading — blank) x factor
- total sample weight (3A1)

x

* Factor derived from standard curve and includes pipette volume
factor.

Noncarbonate clay (pct. <2 mm) (Nc)
Nc = Total clay —~ Ccy

References
Shields and Meyer (1964),
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Fine clay (<0.2p) 3A1b
Apparatus

International No. Il centrifuge, head No. 976.

500-ml centrifuge bottles. ’

Shaw pipet rack.

125-ml Erlenmeyer flasks or weighing bottles (tared
to 1 mg).

Procedure

Mix contents of cylinder following pipet procedure.
Allow to stand for 15 min and transfer enough
suspension to fill a 500-ml centrifuge bottle to the
8-cm depth (- 250 ml). Mix contents of bottles and
centrifuge at 1,500 rpm, adjusting the time according
to the temperature as follows:

Temperature (°C) Minutes
20 e e 42
. 41
22 40
2 39
2 38
2 e e 37
B0 e 33

Adjust pipet assembly for 3-cm sampling depth,
Gently move centrifuge under pipet rack and lower
pipet directly into a centrifuge bottie. Withdraw 25 ml
in 12 to 15 s (avoid turbulence) and transfer to tared
Erlenmeyer flask or weighing bottie. Dry at 105° C, cool
in P05 desiccator, and weigh.

Calculations
Proceed as in 3Al.

Water-dispersible clay 3Aic

Proceed as in 3Al except eliminate peroxide and
metaphosphate treatments. Shake sample overnight in
distilled water,

Carbonate and noncarhonate clay Il 3A1d

Apparatus

Manometer, electronic, digital, 0-1000 Torr.
Pressure sensor with thermal base.
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1¥%s-inch machined PVC caps with self-sealing,
quick-connect fitting, O-ring seal.
Ya-0z (5-ml) gelatin capsules.

Reagents
Hydrochloric acid (HCI), 6N.

Procedure

Use a glass bottle containing clay residue from
regular pipet analysis (3Ala) and determine calcium
tarbonate equivalent as in method 6E1g.

Sample selection is based on measured carbonate
content (6E1g) of the <2-mm sieved sample or
reaction (effervescence) of the <2-mm sample to 1N
HCI.

Calculations
Carbonate clay (pct. <2 mm) (Cc)

Noncarbonate clay percentage <2 mm (Nc¢)

- (reading — blank) x factor % 100

total sample weight (3A1)

Nc

Total clay — Cc.

* Factor derived from standard curve and includes pipette volume
factor.

References
Shields and Meyer (1964).

Moist Samples 3A2
If drying affects dispersion of treated sample,
ovendrying may be avoided by removal of a pipet
sample to estimate the total weight of the sample.
Pipet 50 ml at a depth of 20 cm at time zero while the
suspension is still turbulent. Use the ovendry weight of
the aliquot to calculate the total weight of the
<0.05-mm fraction. Add this weight to the total weight
of the sands to obtain the total weight of the sample.
An optional procedure is to carefully weigh out two
identical samples and pretreat to remove organic
matter and dissolved mineral matter. The first sample
is continued through the standard procedure, excluding
ovendrying. The second sample is ovendried, weighed,
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and discarded. The ovendry weight of the second
sample is substituted in the calculations for the first
sample.

Fine clay (<0.2u) 3A2h
Proceed as in 3A1b except use moist samples.

Water-dispersible clay 3A2c
Proceed as in 3Alc except use moist samples.

Carbonate and noncarbonate clay I 3A2d
Proceed as in 3Ald except use moist samples.

Particles >>2 mm 3B

Fractions >>2 mm can be reported on different bases,
e.g., fractions <20 mm, <75 mm, or <250 mm, etc.
Unless otherwise specified, individual fractions
<75 mm are reported on a <75-mm basis and the
total >2-mm fraction is reported on a whole-soil
(<250-mm) basis. Details on reporting procedures are
given in 2A.

Weight Estimates 3B1

By field or laboratory weighing 3Bl1a

Sieve the entire horizon sample through a 75-mm
screen and discard the >75-mim fraction. Weigh the
<75-mm fraction and sieve through a 20-mm screen,
Weigh the 75- to 20-mm fraction. Calculate the
<20-mm fraction by subtraction. Take a subsample of
the <20-mm fraction for laboratory processing.
Determine the air-dry weight of the <20-mm sample
and correct the total sample weight for the loss in
water from field conditions. Separate and weigh the 2-
to 5- and 5- to 20-mm fractions. Report these fractions
as percentage of <75 mm. The percentage <250 mm
can be reported where applicable from field volume
estimates of the 75- to 250-mm fraction (3B1b).

If the fine earth adheres to the larger particles, wash
the coarse material and apply the appropriate
corrections,



From volume and weight estimates 3B1h

If visual field volume estimates are made for
fractions >20 mm and fragments of 2 to 20 mm are
weighed in the laboratory, convert the weight
percentages to volume percentages by applying bulk
density and particle density data. Combine these
calculated volume percentages with the visual field
volume estimates to give a combined volume estimate.
Use the following equation to convert all fractions to
weight percentages of the combined fractions. The
terms are defined in 3B2.

Percentage >2 mm

100D
(weight basis) = 2p ()

Dp(x) + Dby, (1-%)

This equation can be used to calculate any individual
fragment fraction >j mm by substituting an appropriate
value of Db, representing the fabric <j mm (where j
may be any size fraction).

Volume Estimates 3B2

Record the estimated volume percentage of material
>20 mm (¥4 in), >75 mm (3 in), or =250 mm (10
in) in the pedon description. If larger stones or
bouiders are not included in making the volume
estimates, note this in the pedon description.

To arrive at a value for the volutme percentage of all
material >2 mm, convert the weight estimates of the
fine earth to volume estimates and then combine.

Vol. moist <2-mm fabric _
Vol. moist whole soil*

Cm =

Dp(1—y)(1—x)
Dp(1-y) + Dbpn(y)

! “Volume moist whole soil” refers to the
fine earth plus the coarse fragments in the
>2-mm base.

where

Coarse-fragment conversion factor
Density of particles

(assumed to be 2.65 g/cm? uniess noted)
Db,, = Bulk density of the moist fine-earth
fabric (4A1)

m

C
Dp

vol. fragments >i mm
vol. whole soil

wt material between 2 mm and i mm
wt material <i mm

i = the size above which volume estimates are
made and below which weight percentages are
determined, usually 75 mm or 250 mm

The coarse-fragment conversion factor has been
reported on some data sheets and is used to convert
laboratory data on a <<2-mm weight base to a whole
s0il moist volume base: Cm x Db,, x laboratory
datum. Cm times 100 is the volume percentage of
fine-earth fabric in the whole soil. Volume percentage
of <2-mm material is the difference between this value
and 100.

>2 (pct. by vol.) = 100 (1 —-Cm)

For some soils the weight of the fine earth per unit
volume of the whole soil is reported. It is caiculated by
multiplying Cm by Db,,. Values for x are reported in the
pedon description and those for y on the data sheets.
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FABRIC-RELATED ANALYSES 4

Two automated balance systems, consisting of two
Mettler PC-2000 electronic balances interfaced to
Radio Shack Model 11 and Model IV microcomputers,
are used for determining, storing, and processing
sample weights.

Bulk Density 4A

Density is defined as mass per unit volume. Soil
density as commonly used differs from most density
measurements in that the volume of interparticle space
is included but the mass of the liquid phase is
excluded. Therefore, soil density has been called bulk
density, Db, to distinguish it from the more usual
density that is based on intraparticle volume only.
Since the volume of a shrinking-swelling soil changes
with a change in its water content, subscripts are
added to designate the mositure condition when the
measurement was made. Thus, Db,, is the bulk density
of a moist sample, Dby, is the bulk density of a clod
sample equilibrated at Y3-bar tension, and Dby is the
bulk density of a dry sample.

Saran-Coated Clods 4A1

Regeants

Methy! ethyl ketone.

Dow Saran $310 resin.—The Saran resin dissolves
readily in acetone or methyl ethyl ketone. In this
method, methyl ethyl ketone is used as a solvent
because it is less soluble in water than is acetone and
there is less penetration of the Saran-solvent solution
into a moist clod. However, acetone is adequate for a
first (field) coat and is more readily available.
Saran-solvent ratios of 1:4 and 1.7 are used,
depending on the porosity of the soil to be coated.

Coating solution.—To prepare the solution, fill a
weighted container with solvent to about three-fourths
its volume. From the weight of the solvent, calculate
the weight of resin required to obtain a predetermined
resin-solvent ratio and add to the solvent. Since the
solvent is flammable and its vapors form explosive
mixtures with air, mix the components with an
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air-powered or nonsparking electric stirrer under an
exhaust hood.? If a high-speed stirrer is used, the resin
dissolves in about 1 hr, In the field, mix with a wooden
stick. Metal cans (1 gal) are statisfactory containers for
mixing and storing the plastic. Keep the containers
tightly closed to prevent evaporation of the solvent,

Procedure

Collect natural clods (three per horizon) of about 100
to 200 cm?® in volume (fist-sized). Remove a piece of
soil larger than the clod from the face of a sampling pit
with a spade. From this piece prepare a clod by gently
cutting or breaking off protruding peaks and material
sheared by the spade. If roots are present, they can be
cut conveniently with scissors or side cutters. In some
soils, clods can be removed directly from the face of a
pit with a knife or spatula. No procedure for taking clod
samples fits all soils; the procedure must be adjusted
to meet the conditions in the field at the time of
sampling.

The clods are tied with fine copper wire or placed in
hairnets and suspended from a rope or string, hung out
like a clothesline. Moisten dry clods with a fine mist
spray. The suspended clods are dipped by raising a
container of the dipping mixture upward around each
clod, so it is immersed momentarily. The Saran-coated
clods should be allowed to dry for 30 min or longer.?
For convenience, either of two concentrations of plastic
solution is usually used—a 1:7 solution for most soil
samples or a 1:4 solution for clods that have large
pores. If butk density at field-moisture content is
desired, store the clods in waterproof plastic bags as
soon as the coating dries since the coating is
permeable to water vapor. Although the coating keeps
the clods intact, they may be crushed in transport
unless they are packed in rigid containers.

In the laboratory, additiona! coatings of plastic are
applied to make the clod waterproof and to prevent its
disruption during wetting. Then weigh the clod, either
in its natural moisture condition or in an adjusted

2 Information on the safe handling and use
of methyl ethyl ketone is available in
Chemical Safety Data Sheet SD-83,
Manufacturing Chemists’ Association, Inc.,
1825 Connecticut Avenue NW, Washington,
D.C.

The threshold limits of methy! ethyl ketone
are 200 ppm as given in OSHA standards,
Part 2, Section 1910.93, table G1.

3 Clods coated in this way can be
transported to the laboratory and examined
microscopically in an undisturbed state.



moisture condition (e.g., Ys-bar tension) in air and in
water to obtain its volume by Archimedes’ principle.
Subsequent changes in moisture condition and volume
of the soil sample can be followed by reweighing the
coated clod in air and in water. Finally, weigh the
ovendry clod in air and in water.

Be careful not to lose any soil material because the
weight of material lost is calculated as soil moisture,
and calculated bulk densities depend on the final
ovendry weight of the clod.

Bulk-density values determined by this method are
reported on the basis of the fine-earth fabric. Weight
and volume measurements are made on clod samples
that may contain particles =2 mm; however, after the
measurements are made, the weight and volume of the
coarse fraction are subtracted. The remainder consists
of the weight of the <2-mm material and the volume of
these fine-earth particles and the pore space associated
with them,

Sometimes it is necessary to correct bulk density for
weight and volume of the plastic coating. The coating
has a density of about 1.3 g/cm?® and it loses 10 to 20
percent of its air-dry weight on ovendrying at 105° C.
Thus, the amount of carrection becomes smaller as
bulk density of the soil approaches the density of the
coating and as moisture content of the soil approaches
the weight loss of the coating.

Calculations
The example given is for clod equilibrated at Ys-bar
tension,

wt clodgy — wt >2 mm — wt coatyy

Dby, =
“ "~ vol clodi, — vol >2 mm — vol coat
Pb.. = wt clodyy — wt >2 mm — wt coaty,
od vol clod,y — vol >2 mm — vol coat
W1/3 =

wt clod,, — wt clodag — (wt coat,y — wt coatos) x 100
wt clod,y — wt >2 mm — wt coatyq

where

Dby, = bulk density of <<2-mm fabric at Y4-bar
tension in grams per cubic centimeter

Dby = bulk density of <<2-mm fabric at ovendryness
in grams per cubic centimeter

W,, = the weight percentage of water retained at
Ys-bar tension

wt clod,y = weight of ovendry coated clod

wt clod,, = weight of coated clod equilibrated at
Ys-bar tension

vol clodyy = volume of ovendry coated clod

vol clod,, = volume of coated clod equilibrated at
Ys-bar tension

vol >2 mm = volume of material >2 mm separated
from clod after ovendrying

wt =2 mm = weight of material >2 mm separated
from clod after ovendrying

wt coat,y = weight of Saran coating before
ovendrying
wt coat,y = weight of Saran coating after ovendrying

vol coat = volume of Saran coating (estimated)

The field coat (initial coat) of plastic penetrates the
clod to some extent. Weight of the field coat, estimated
to be 1.5 times the weight of each additional coat, is
computed by:

wt clodg — wt clody, x 1.5
3

wt coatjn;; =

where

wt coat;,, = weight of field (initial) coat

wt clody = weight of clod with one coat of plastic
wt clodg = weight of clod with three additional coats
of plastic
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References
Brasher et al, (1966).

Field state (Db,) 4A1a

When Saran is dry (approximately 1 hr for most
clods—maybe avernight for porous clods), record
weight of the clods suspended in air and in water. The
difference is the “field-state” volume. Determine
ovendry weight and calculate bulk density as described
in 4A1.

Va-Bar desorption 1 (Db,,) 4A1d

Remove a patch of Saran coating from a flat face of
each clod or cut a flat surface with a diamond saw.,
Place the exposed area in firm contact with a tension
table of porous firebricks covered with very fine sand
and equilibrated to 5-cm water tension. When clods
have reached a constant weight (7 to 14 days), remove
them and record the 5-cm weight in air. This value
must be greater than the ¥s-bar or Yio-bar desorption
value. Cover a pressure plate with a 0.5-cm layer of silt
and saturate with water. Place a layer of industrial
tissue (Kim-wipe) over the silt and press the exposed
faces of the clods onto the tissue. Desorb at Ys-bar
suction until water ceases to discharge (about 7 to 14
days). Apply four more coats of Saran plastic and
measure volume of clods and calculate bulk density as
described in 4Al.

Ovendry (Db,) 4A1h

After determining moist volume, ovendry the clods at
105° C for about 48 hr. To reduce cracking of clods
that have high-volume change potential, dry overnight
at 40° C before drying at 105° C. Record the weight of
ovendry clods suspended in air and in water, The
difference is ovendry volume. Calculate bulk density as
described in 4A1.

Rewet (Db,) 4Ali
After measuring the ¥s-bar volume (4A1d), the Saran
coating is removed from the flat surface of the clods.
The clods are allowed to air-dry {4 to 6 days) and then
placed in the drying room 2 or 3 days. They are then
placed on a tension table of very fine sand and
equilibrated to 5-cm water tension as in 4Ald. After
about 2 weeks, some of the highly organic clods that
have not rewetted are placed in a pan of free water
overnight to make certain that wetting is complete. The
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clods are again desorbed to Yz-bar as in 4Ald and
volume measurements of the clod are made and bulk
density is calculated as described in 4A1l.

Cores 4A3

Field moist 4A3a
To collect cores, prepare a flat surface in the
sampling pit, either horizontal or vertical, at the
desired depth. Press the core sampler into the soil,
using due caution to prevent compaction. Remave the
core in the aluminum liner and place both in a
moisture can for transport to the laboratory. If the soil
is too loose to remain in the liner, use the core sampler
without liner and deposit the entire sampler in a
moisture can. Moisture cans can be pushed directly
into a prepared face. The sample is trimmed even with
the top of the can and retained in the can for transport
and analysis. For fibrous organic materials, trim sample
to fit snugly in a moisture can, If the core contains <5
percent coarse fragments more than 2 mm in diameter
and there are no large cracks in the horizon,
measured bulk density is used directly.

Calculations
ovendry wt core (g)
vol core (cm?)

Bulk density (g/cm?) =

Water Retention 4B

If clay within a fragment swells, it tends to push the
structure apart, creating more pore spaces that may
hold water at low tension. In a natural fragment of
reasonable size, this swelling is limited to some extent
by the overall coherence of the unit. In very small
units, such as the <2-mm fragments of a sieved
sample, there are few restraints to such swelling. The
result is that moisture-release curves show that sieved
samples hold more water at 10 or Y5 bar than larger
pieces or clods, and they may appear to hold more
water than available pore space. Hence, only soil
pieces, soil cores, or coated clods are used to
determine moisture retention at Yio and Y bar except
for nonswelling soils, loamy sand or coarser s0ils, and
some sandy loams.
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Pressure-Plate Extraction 4B1

Apparatus
Pressure-plate apparatus.
Retainer rings, approximately 1 cm high and 4 ¢cm in
diameter to hold teaspoon-size samples (10 to 15 g).
Balance, drying oven, and moisture cans.

Air-dry <2 mm (0.06, Y10, or 2 bar) 4B1a

Procedure

Place duplicate teaspoon-size samples in retainer
rings on a porous plate. Cover the plate with water to
wet the samples from below. Cover with a sheet of
plastic and let stand overnight. Remove excess water
and place the plate in a pressure cooker or other
extraction chamber. Apply the specified pressure until
no more water is extracted (usually 6 days). After
extraction, quickly transfer the samples to moisture
cans, weigh, dry at 105° C, weigh again, and report
moisture content as percentage of ovendry <<2-mm
weight,

References
Richards (1954).

Natural clods (0.06, "0, Y4, or 1 bar) 4B1¢c

Determine moisture content of clods prepared for
bulk-density measurement (4Al and 4A1d). For precise
measurement it may be necessary to correct for the
weight of the Saran coating.

To determine Yi0- and Y3-bar moisture on the same
clods, remove the clods from the pressure apparatus
when no more water is extracted at Y10 bar, weigh, and
reseat on the silt-covered extraction plate to be
equilibrated at Y5 bar.

For 1-bar measurements without bulk density,
samples are prepared similar to those for bulk density
measurements (4A1). After equilibrating at 1 bar,
samples are quickly transferred to moisture cans and
the moisture content is determined. Report as
percentage of ovendry <2-mm weight.

Cores 4B1d
Proceed as in 4Bla except use core samples in their

collecting rings.

Rewet 4B1e

Determine moisture content of clods prepared for
rewet bulk-density measurements (4A1i). It is
necessary to correct for the weight and volume of the
Saran coating. Report as percent of ovendry, <2-mm
weight.

Pressure-Membrane Extraction 4B2

Apparatus

Pressure-membrane apparatus with sausage-casing
membrane,

Retaining rings—rubber soil-retaining rings 1 cm
high and about 4 cm in diameter that hold about 12 g
s0il.

Balance, drying oven, and moisture cans.

Air-dry <2 mm (15 bar) 4B2a

Procedure

Install a wet celfulose membrane in the pressure
apparatus. Add water and fill the retaining rings with
<2 mm of soil. Cover with a plastic sheet, and allow
samples to soak overnight. Remove excess water and
close the apparatus. Gradually apply pressure in
increments of 25 psi at intervals of about 15 min to
the pressure desired. After a few hours to 1 day, apply
a 4-psi pressure differential to the rubber diaphragm at
the top of the chamber. Remove samples when
cessation of outflow indicates that equilibrium has
been reached (2 to 6 days). Quickly transfer samples to
moisture cans and determine moisture content. Report
as percentage of ovendry weight.

References
Richards (1954).

Field moist <2 mm (15 ban) 4B2h
Proceed as in 4B2a except use field-moist samples
instead of air-dry samples.
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Field State 4B4
Clods, cores, ar mixed samples taken directly into

the laboratory, with due precaution to prevent moisture

loss, can be used to determine water content at time of

sampling. Determine moisture content by ovendrying at
105° C.

Air-Dry 4B5
Determine moisture content of air-dry samples by
ovendrying at 105° C.

Water Retention Difference (WRD) 4C

Between 4-Bar and 15-Bar Tension 4C1
WRD = (Wy, — Wllg)éDbya)Cm

where '

WRD = weight (g) of water retained in 1 ¢cm?® of
whole soil between Ys-bar and 15-bar tension
and is reported as centimeter per centimeter
(numerically equivalent to inches of water per
inch of soil).

W, = weight percentage of water retained at
14-bar-tension (4B1c)

W5 = weight percentage of water retained at
15-bar tension (4B2)

Dby, = bulk density of the <2-mm fabric at ¥/3-bar
tension (4A1)

tm < Vol moist <2-mm fabric (cm?) (3B2)
" Vol moist whole soil (cm?)
Between vio-Bar and 15-Bar Tension 4C2

Substitute Y10- for Va-bar value, and calculate as in
4C1.
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Between 'a-Bar Rewet and 15-Bar (Air-Dry) Tension 403
Substitute Y5 bar rewet for ¥3-bar value, and
calculate as in 4C1.

Coefficient of Linear Extensibility (COLE) 4D

Coefficient of linear extensibility denotes the
fractional change in clod dimension from a dry to a
moist state. It has also been expressed as LE (linear
extensibitity). LE = COLE x 100. When coarse
fragments are absent:

lbn ~ Lol _ L robd
C = om Tl Emo g |2
OLE » » 1 Db, 1

where

Ly = length of clod, dry

Lnw = length of same clod, moist

Dby = buik density of clod, dry

Db, = bulk density of clod, moist
Air-Dry or Ovendry to Y3-Bar Tension 401

Coefficient of linear extensibility can be estimated
from laboratory bulk-density data and the
coarse-fragment conversion factor (Cm).

1 3
\ 1
COLE = cm roﬂ + (1 —Cm)
Db
IR 1
where
= Vol moist <2-mm fabric
™ = " Vol moist whole soil (3B2)

Db, = bulk density of the <2-mm fabric at ¥ bar
(4A1)

Dby = bulk density of the <2-mm fabric at

ovendryness or air-dryness (4A1)



If there is no coarse material, Cm = 1 and the
equation reduces to

13

Dby |
OLE = [X
colLE [Dbm

COLE calculated for the fine-earth fabric alone can be
referred to as COLE; (or LEy).

Nomographs for these calculations have been
published by Holmgren (1968).

References
Franzmeier and Ross (1968), Grossman et al.
(1968), and Holmgren (1968).

Micromorphology 4E
Thin Sections 4E1
Preparation 4E1a
Apparatus

Micro-Petrolab, thin sectioning center’.
Metallographic polisher with cast-iron laps.
Diamond saw.

Electric oven.

Hotplate with temperature control or a petrographic
slide warmer.

Polarizing microscope.

Good source of vacuum.

Necessary accessories and supplies include a
desiccator; porcelain crucibles; standard petrographic
slides; cover glasses; silicon carbide abrasives; 12-in
squares of thick, rough-textured plate glass; metal
probes or dissecting needles; small forceps; and art
brush.

* Microtec Engineering Lab., Grand
Junction, Colorado.

Reagents
Epo-Kwick epoxy®.
Scotchcast resin®.

Collecting samples.—Samples can be collected by
any procedure that does not disturb the natural
structure. Core samplers are commaonly used. Another
satisfactory procedure for some soils is using a knife or
trowel to carve a clod that fits a tin box or round
ice-cream container. Clods selected from bag samples
can be used if orientation is of no interest. Large clods
can be shipped if packed tightly in boxes. Fill any
space around irregular clods in the container with loose
soil from the same horizon. For most samples, it is
unnecessary to prevent moisture loss unless fragility is
affected, since samples usually must be dried before
impregnation. The whole core or clod can be
impregnated, but better results generally are obtained
with specimens that are 5 cm?® or smaller, Remove
specimens from the sample with a small chisel, a
probe like an ice pick, an ordinary hacksaw, or a
jeweler's hacksaw.

Preparing samples.—First dry a soil sample in an
oven, preferably overnight or longer at about 80° C in a
disposable heat-and chemical-resistant container. This
treatment may cause some change in structure, but
thus far good impregnation seems impossible unless
the sample is thoroughly dried. If freeze-drying
equipment is available, the natural structure of the soil
samples can be better preserved by this technique.
Impregnation of the freeze-dried samples may be
improved over ovendried ones also. In any case, bring
the sample to about 80° C in preparation for the next
step.

Mixing plastic solution.—Many good resins are on the
market; one that has been used in our laboratories is
Scotchcast. Add two parts of part A by weight to three
parts of part B. Best results are usually obtained if part
A and part B are raised to about 80° C before mixing.
Also, the parts should be weighed to an accuracy of 2
percent before mixing. Mix until a uniform color is
obtained.

Impregnation.—Cover the hot sample with the heated
plastic solution. Then place the dish in a vaccum
desiccator and evacuate all the air from the sample. Do
not mistake boiling of the solution under evacuated

% Buehler Ltd., 2120 Greenwood Street,
Evanston, !llinois 60204.

8 Industrial Electric Preducts Division, 3M
Company, 3M Center, St. Paul, Minnesota
55101.
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conditions for air bubbles escaping from the sample
material. When the sample has cooled (usually about 5
min), remove the container from the desiccator, reheat
it to 80° C, and then return it to the desiccator. Repeat
the heating-evacuation cycle three or four mare times.
Then cure the plastic in the oven at 105° C overnight.
The block is then ready for sectioning. Disposable
containers can be cut with the cooled samples during
sectioning.

Cutting and grinding.—If the sample container is
larger than the satellite chuck will hold, the sample will
need to be trimmed if the Micro-Petrolab is to be used
to cut and grind the sample. Best results are obtained
if the sample 1s trimmed to fit the microscope slide
and is about an inch or more thick. The slides should
be preground to uniform thickness.

If the saw and lap wheel are used, cut the sample
block into sections about ¥z in thick and small enough
to fit on a regular petrographic slide. Grind one surface
smooth on the revolving lap, using a sfurry of
successively finer abrasives until the surface is highly
polished. After mounting the chip, it is best to move
the chip or slide around the lap in an opposite
direction to that of lap rotation as you grind. This helps
ensure grinding of all parts of the specimen at the
same rate and also distributes the abrasive well on the
lap. Some experience is required to determine the
mixture of abrasive and water that gives the best
results for each grade of abrasive. If the sample surface
tends to pull apart or to react with water, it may be
necessary to dry and reimpregnate the small-chip or to
polish it by hand on a glass plate. Alternatively, the
block may be ground in ethylene glycol. Wash the
sample free of all abrasive material and dry thoroughly.

Mounting.—Heat a small amount of thoroughly mixed
Epo-Kwick epoxy on a petrographic glass slide. The
plastic needs to be warmed to about 40° C to remove
air bubbles and ensure good adhesion to the
impregnated sample. At this temperature, the curing
time is only a minute or so. Place the sample obliquely
on the warm epoxy and slowly lower it until parallel
with the glass slide. This prevents the entrapment of
air bubbles. Remove the Slide and sample from the hot
plate and place it in binder clips or some other suitable
spring clamp. Slight pressure needs to be maintained
while the sample and slide are hot to reduce thickness
of the epoxy between the slide and the sample and to
rermove any remaining air bubbles. The chip must be
perfectly flat and contact with the slide must be
uniform or part of the section may be lost before it can
be ground to the desired thinness (usually about
0.030 mm).

26

Final grinding.—in preparation for the final grinding,
the excess may be cut off the slide with a diamond
saw, The sample can be hand held or a slide holder
can be used. If the vacuum chuck and the
Micro-Petrolab are used, make certain that the glass is
clean and is seated in the chuck. The Micro-Petrolab
cuts off the excess sample and then grinds the sample
down to approximately 30p. If the lap is to be used,
the mounted sample—now about 0.050 to 0.100 mm
thick—is ready for the final grinding. Use coarse
abrasive until the sample is relatively thin. Then use
successively finer abrasives. Care and considerable
practice are needed to develop the dexterity required to
handle an almost finished section without overgrinding.
With the Micro-Petrolab, the diamond surface lap is
used to finish the section. In any case, examine the
section frequently under a polarizing microscope during
the final stages. If quartz is present in the sample, it
can be used to judge thinness. If the sample is about
0.030 mm thick, the quartz interference colors are of
the first order, i.e., white, gray, and pale yeilow. It is
often advisable to finish grinding on ground-glass
plates, using the finest abrasive. Wash the section free
of abrasive and dry thoroughly.

Seating the cover glass.—Heat the finished section
and a cover slip to about 40° C. Spread a small
quantity of Epo-Kwick epoxy over the surface of the
thin section and the cover slip. Wait a few seconds for
the air bubbles to escape. Then place the cover glass
abliquely on one end of the section and lower it very
slowly. If any air bubbles remain, squeeze them out by
pressing lightly on the cover glass with a soft eraser.
Excess epoxy can be removed with a razor blade as the
section cools and before the plastic hardens. The final
thin film may be removed with a razor blade after the
epoxy. hardens, but a thick film may cause the slide to
break when the epoxy is removed.

Very dense soils and soils in which the clay fraction
is 30 percent or more montmorillonite require special
handling. 1t is necessary to use either a dry-grinding
technique or a more penetrating impregnation
procedure. To dry-grind, cut the sample {(without using
water) to the appropriate size. Sprinkle a coarse
abrasive (American Optical No. 190) on the
ground-glass plate and commence grinding one face of
the sample by hand. Best results are obtained by using
a figure “8” or counterclockwise motion. Continue
grinding, using successively finer abrasive, until the
surface is highly polished. From this point follow the
regular mounting technique.

Aroclor 5460, a thermoplastic chlorinated diphenyl
resin (Monsanto), seems to give better impregnation of



these dense materials. Place pieces of air-dry soil
material in xylene and evacuate. Then submerge the
xylene-saturated soil material in molten Aroclor 5460.
Hold the sample in the Aroclor at about 200° C for 1 to
2 days. Remove impregnated soil material, allow it to
cool, and prepare thin sections by dry-grinding.

References

Lockwood (1950), Rogers and Kerr {1933), Reed
and Mergner (1953), Cady (1965), and Innes and
Pluth (1970).

Interpretation 4E1h

It is desirable to become familiar with the overall
features of the section first. Many studies requiring thin
sections are concerned with movement of clay or other
substances and differences between horizons as a
result of soil-forming processes and weathering. Thus,
it is helpful to scan all the sections from a profile or all
connected with a particular problem to see what
important features may be worth the most emphasis.
Different kinds of illumination should be used with
each magnification. Strong convergent light with
crossed polarizers brings out structures in dense or
weakly birefringent material that may appear opague or
isotropic. Structures in translucent specimens become
more ctearly visible if plain light is used and the
condensers are stopped down. Everything should be
viewed in several positions of the stage or during slow
rotation with crossed polarized light.

A thin section is a two-dimensional slice through a
three-dimensional body. Mineral grains and structural
features are seen in one plane and the shapes seen
must be extrapolated to their true shapes. A grain that
appears needle shaped may be a needle or the edge of
a flat plate. An elliptical pore may be an angular slice
through a tube. A circular unit is probably part of a
sphere. Repeated viewing of similar features that
appear to be cut at different angles with the
three-dimensional appearance in mind is the best way
to accustom oneself to a volume rather than a planar
interpretation of shape. An observer must also keep
thickness of the section in mind. A well-prepared
section is 20w to 30u thick. Grains smaller than this
are stacked up and cannot be seen as individuals, and
pores much smaller than this cannot be seen clearly.

Sand and silt grains in thin sections are identified by
standard methods given in petrography texts. The
general approach is the same as for grain studies (7B81)

except that refractive index can be used only roughly
and more weight is given to other optical and
morphological properties. It is seldom necessary to be
concerned with minerals that occur in small quantities
or to attempt quantitative minerafogical analysis. If
identification and mineralogical analysis are important
to the problem being studied, it is best to do them on
separate size fractions and to use the thin sections
mainly for information about arrangement of the
components. Recognition of aggregates, concretions,
secondary pseudomorphs, and weathered grains is more
important in thin-section studies than in sand and silt
petrography. It can be easier because interior
structures are exposed. Although grains of this kind
may be important in studying soil genesis, they are
often destroyed or eliminated by sample-preparation
procedures that separate sand, silt, and clay.

By far the greatest interest in micromorphology, in
the United States at least, has centered on the
arrangement of clay. Clay occurs not only in the form of
aggregates but also in massive interstitial fillings,
coatings, bridges, and general groundmass. Even
though the particles are submicroscopic, the clay can
be described and characterized and sometimes
identified; at least the 1:1 and 2:1 lattice types can be
distinguished. Completely random-arranged clay of less
than 1w exhibits no birefringence and appears isotropic
in crossed polarized light. The clay in a soil is seldom
all random and isotropic. It develops in oriented bodies
during formation or becomes oriented by pressure or
translocation. If enough plate-shaped particles are
together and oriented in a body large enough to see,
birefringence can be observed.

The silicate clay minerals in soils, except halloysite,
are platy. The a and b crystallographic axes are within
the plane of the plate, and the ¢ axis is almost
perpendicular to this plane. The crystals are
monoclinic, but the distribution of stems along the a
and b axes is so nearly the same and the ¢ axis is so
nearly perpendicular to the other axes that the minerals
are pseudohexagonal. The optical properties of clay as
well as its crystal structure and general habit are
analogous to those of the micas, which can be used as
a model in thinking about and describing the properties
of clays.

Since the speed of light traveling in the direction of
the ¢ axis and vibrating parallel to the a axis is almost
the same as that vibrating paralle} to the b axis, the
refractive indices are very close. Hence, interference
effects seen in crossed polarized light are small when
the observer is looking along the c axis. Light vibrating

27



parailel to the c axis travels faster than in other
directions and hence the refractive index is lower. If
the edge of the crystal or aggregate of crystals is
viewed along the a-b plane between crossed polarizers,
there are two straight extinction positions and
interference colors will show in other positions. If a
concentration of clay is organized so that most of the
plates are parallel, the optical effects can be observed.
How completely or satisfactorily they can be observed
depends on the purity and continuity of the clay body
and on the process that oriented it.

Kaolinite has low birefringence and refractive indices
slightly higher than quartz. In the average thin section,
its interference colors are gray to pale yellow; in
residual soils it often occurs as booklike and
accordiontike aggregates of silt and sand size.

Halloysite, because of its tubular habit, should not
show birefringence even though it can form oriented
aggregates. It may show very faint, patterniess
birefringence caused by impurities or refraction of light
at interfaces between particles.

The 2:1 lattice minerals have high birefringence and
show bright intermediate-order interference colors if the
edges of the aggregates are viewed. It is seldom
possible to distinguish between clay-size
montmorillonite, mica, vermiculite, and chlorite in thin
section. These clay minerals seldom occur pure in
soils; they are usually mixed and in many soils are
stained by and mixed with iron oxide and organic
matter.

Residual clay has been in place since its formation
by weathering or since deposition of a transported soil
parent material. Local adjustment of position may have
occurred, but such clay has not moved separately. It
may be random, completely unoriented, and thus
isotropic, but more often it shows some birefringence.
In transported materials, silt-size flakes and other small
aggregates are common. In many residual materials,
clay is arranged in forms pseudomorphic after rock
minerals or in crystal aggregates in definite bodies such
as the vermicular or accordionlike kaolin books.
Regular, intact arrangement of these materials
generally is diagnostic for residual material.

Clay becomes rearranged by stress applied
differentially to produce shear. Platy particles become
oriented by slipping along a plane like the slickenside
faces in a Vertisol or in heavy glacial till; they are also
oriented inside the blocks. Root pressure, mass
movement, slump, and creep can produce stress
orientation.
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Stress orientation can be inferred if the faces seen
on structural units are smooth and do not have a
separate coating; otherwise, it cannot be observed in
plain light. In plain light, clay in the section may be
homogeneous and featureless. In crossed polarized
light the pattern of orientation is reticulate, consisting
of bright lines showing aggregate birefringence often
intersecting at regular angles. The effect is that of a
network in a plaid pattern. There may be numerous
sets of these slip planes that appear in different
positions as the stage is turned. Stress-oriented clay
may appear around rigid bodies like guartz grains or
along root channels. It is often strongly developed on
ped faces. Stress can also orient mica flakes and any
other small platy grains.

Translocated clay has several features that
distinguish it from residual clay. It occurs in separate
bodies, usually having distinct boundaries, and is
located on present or former pore walls, channel
linings, or ped faces. It is more homogeneous than
matrix clay and is usually finer. It may have a different
composition from the matrix, especially if it came from
another horizon. It shows lamination, indicating
deposition in successive increments, Finally, these
bodies of translocated clay show birefringence and
extinction, indicating that they are oriented aggregates.
If they are straight, they have parallel extinction; if
curved, a dark band is present wherever the composite
¢ axis and composite a and b axes are paraliel to the
vibration planes of the polarizers. These dark bands
sweep through the clay aggregate when the stage is
rotated.

Other substances may form pore linings and ped
coatings. The more common are goethite, gibbsite,
carbonate minerals, and gypsum; they can be identified
by their mineralogical properties.

Amorphous coatings of organic matter with or without
admixed iron and aluminum are common, especially in
spodic horizans. This material is dark brown to black,
isotropic or faintly birefringent, and often flecked with
minute opaque grains. It occurs as the bridging and
coating material in B horizons of sandy Spodosols and
as a thin coating or stain on faces of pores and peds in
other soils.

References
Cady (1965).



Plasticity Index 4F

The plasticity index is the ditference in water content
between the plastic limit and the liquid limit. Details
are available in ASTM method D 424. ’

References
American Society for Testing and Materials (1970).

Liquid Limit 4F1
See ASTM method D 423.

Plastic Limit 4F2

See ASTM method D 424.

ION EXCHANGE ANALYSES 5

Cation-Exchange Capacity 5A
By Summation 5A3
Sum of cations (CEC-8.2) 5A3a
Procedure

Compute the cation-exchange capacity (CEC-8.2)
from the sumn of the extractable bases (NH4OAc
extract, method 6N2, 602, 6P2, 6Q2) and the
extractable acidity obtained by titrating the
triethanolamine (TEA) extract (6H). Values for
exchange capacity by this method are not valid if
significant quantities of soluble salts or calcium
carbonate are present in the soil.

References
Peech et al. (1947).

Effective cation exchange capacity (ECEC) 5A3b
Sum the extractable bases by ammonium acetate,
pH 7, and the KCl-extractable aluminum.

NH.CI S5A7

Procedure
Proceed as in 5A6 except substitute I N NH,CI for
1N NH40Ac.

Direct distiliation SA7a
Determine ammonia by Kjeldahi distillation as
described in 5A8a.

NH,0Ac, pH 7.0—Automatic Extractor (CEC-7) 5A8

Apparatus

Automatic extractor, 24 place.

Syringes, 60 cc, polypropylene. Use one sample
tube, ane reservoir tube, and one tared extraction
syringe for each sample.

Reagents

Ammonium acetate (NH,0Ac), 1N, pH 7.0.

—Mix 68 mi ammonium hydroxide (NH4OH), specific
gravity of 0.90, and 57 ml of 99.5-percent acetic acid
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(CH3COOH) per liter of solution desired. Cool, dilute
with water to the specified volume, and adjust to pH
7.0 with CH3COOQH or NH,0H.

Optionally, prepare from NH4OAc reagent salt and
adjust pH. '

Ethanol (CH3CH,0H), 95-percent, U.S.P.

Procedure

Prepare sample tubes by tightly compressing a 1-g
ball of filter pulp into bottom of syringe barrel with
plunger. Weigh to the nearest 0.01 g, approximately
2.5 g soil sample and place in tube.

Place sample tube in upper disc of extractor and
connect to inverted, tared extraction syringe, the
plunger of which is inserted in slot of stationary disc of
extractor. Fill to 25-ml mark with NH,0Ac above soil,
and let stand for 20 min.

Put reservoir tube on top of sample tube, extract
rapidly until NH4OAc is at a depth of 0.5 to 1.0 ¢m
above sample. Turn off extractor, add about 45 ml
NH40Ac to reservoir tube, turn on extractor, extract
overnight.

Weigh syringes containing NH,OAc extract to the
nearest one hundredth of a gram. Mix, and then set
aside a portion of extract for determination of
extractable cations (or bases, 5B5), and discard the
remainder. See analytical procedures for calcium
(6N2e), magnesium (602d), sodium (6P2b), or
potassium (6Q2b).

Attach syringes to sample tubes, rinse sides of
sample tubes with ethanol from wash bottle, fill sample
tubes to 25-ml mark, stir, and let stand for 15 to
20 min. Place reservoir tube in sample tube. Extract at
a setting of 25 to 35 until the level of liquid is 0.5 to
1.0 cm above sample. Turn off extractor and add
enough ethanol to reservoir to assure an excess over the
capacity of the syringe. Extract at a setting of
12—approximately 45 min.

Extract with ethanol a second time but omit stirring
the samples.

References
Holmgren, Juve, and Geschwender (1977).

Direct distillation 5A8a

Reagents
Sodium chloride (NaCl),

30

Antifoam mixture.—Mix equal parts of mineral oil
and n-octyl alcohol.

Sodium hydroxide (NaOH), 1N.

Hydrochloric acid (HCI), 0.2N, standardized.

Boric acid (H3BOQ3), 4 percent.

Procedure

Transfer the soil plus filter pulp from methods A8
or 5A9 to a Kjeldahl flask. Add 400 ml water and
about 10 g NaCl, 5 drops antifoam mixture, a gram or
two of granular zinc, and 40 ml of 1N NaOH. Connect
the flask with the condenser and distill 140 m! into
50 ml of 4-percent H3BO3 solution in 250-m! titrator
beaker, Titrate with automatic titrator to end point pH
setting of 4.60.

Calculations
mi HCI
———— X

CEC (meq/100g) =
g sample

normality of acid x 100
Report on ovendry basis.

References
Peech et al, (1947).

Steam distillation 5A8h
Apparatus

Steam distillation/titration apparatus, Kjeltec auto
1030 analyzer.

Alphacom 40 printer.

Digestion tubes, 250-m! straight neck.

Reagents
Sodium chioride
Antifoam, spray can silicone.
Sodium hydroxide (NaQH), 1N.
Hydrochloric acid (HCI), 0.1N, standardized.
Boric acid 4% (W/V) aqueous solution with
Bromocresol Green-Methyl Red Indicator’.

? Ricca Chernical Company, Arlington,
Texas.



Procedure

Transfer the sail plus filter pulp from method 5A8 or
5A9 to a 250-m! digestion tube, using a minimum
amount of water. Add 6 to 7g of sodium chloride. Refer
to the instructional manual for operation of the Kjeltec
auto 1030 analyzer. Spray antifoam into the digestion
tube and connect to the distiliation unit. Close the
safety door. The distillation, titration, and calculation
are performed automatically in about 4 min. Result is
printed in milliliters of titrant,

Calculations
CEC(meq/100g) = ml HCI x normality of Acid x 100
g sample
Report on ovendry basis.
NH4CI1, Automatic Extractor 5A9

Procedure
Proceed as in 5A8, except substitute 1N NH,CI for
1N NH40Ac,

Direct distillation 5A9a
Determine ammonia by Kjeldahl distiliation as
described in 5A8a.

Steam distillation 5A9b
Determine ammonia by steam distillation as
described in 5A8b.

Extractable Bases 5B
NH,0Ac, pH 7.0, Automatic Extractor 585
Procedure

Analyze the NH40Ac leachate from method 5A8 for
calcium, magnesium, sodium, and potassium (methods
6N2, 602, 6P2, 6Q2).

Uncorrected (extractable) 5BSa

if a soil does not contain soluble salts or carbonates,
the extractable bases are presumed to equal the
exchangeable bases. They are, however, reported as
extractable bases.

Corrected (exchangeable) 5B5h
{f a soil contains soluble salts, estimate their amount
from the saturation extract as follows. Multiply cation
concentration in the saturation extract (mea/L) by the
saturation percentage (divided by 1,000) to convert to
milliequivalents per 100 g. Subtract this quantity from
the concentration of the extracted cation. This
procedure is not valid for calcium and magnesium in
the presence of carbonates that contain those
elements, or for calcium in the presence of gypsum,
because these compounds are soluble in NH,0Ac.

Base Saturation 5C

NH40Ac, pH 7.0 5C1

Divide sum of NH,0Ac-extracted bases by the
exchange capacity determined by the NH;0Ac method
(CEC-7).

Sum of Cations, TEA, pH 8.2 5C3

Divide the sum of NH,0Ac-extracted bases by the
sum of cations determined by the method 5A3a
(CEC-8.2).

Exchangeable Sodium Percentage (ESP) 5D

NH,0Ac, pH 7.0 5D2

Divide exchangeable sodium (ES, meqg/100 g) by the
exchange capacity determined by the NH,OAc method
(CEC-7).

ESP = ES x 100
CEC-7
Sodium-Adsorption Ratio (SAR) 5E

Calculate the sodium-adsorption ratio (SAR) by the
following equation.
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_ [Na*]
SAR v [Ca**] + [Mg*"]
2

where [Na*], [Ca* *], and [Mg" *] refer to the concen-
tration of these cations expressed in millequivalents per
liter in the saturation extract (8A3).

References
Richards (1954).

Aluminum Saturation 5G
Bases Plus Aluminum 561
Divide the KCl-extracted aluminum by the sum of

NH4OAc-extracted bases plus the KCl-extracted
aluminum (ECEC).
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CHEMICAL ANALYSES 6

The following instruments or devices are used at the
NSSL for the indicated procedures:

(1

(2)

(3)

(4)

(5)

Sample Weighing

Mettler Model PC220Q interfaced with a Radio
Shack Model IV microcomputer. A Mettler
Model AE160 analytical balance is also used
for more precise weighings.

Sample Extraction

Samples are extracted with solutions of
NH,0Ac, KC1, NH4CI, or water with a
Concept Engineering Mechanical Extractor.
The extractor has a capacity of twenty-four
60-cc syringe barrels for smatler samples or
12 specially-designed funnels for saturated
pastes. Six of these units are used in the
characterization laboratory,

Atomic Absorption

Perkin-Elmer Model 5000 Atomic Absorption
Spectrophotometer equipped with an
automatic sample changer and Model 3600
Data Station.

Perkin-Elmer Model 603 Atomic Absorption
Spectrophotometer with Model HGA-2100
Graphite Furnace and automatic sampler for
determination of elements at very low
concentrations.

Titration

Brinkmann Automated Titration System
interfaced with a Radio Shack Model IV
microcomputer. Capacity of the sample
changer is 44 samples.

pH

A Brinkmann 44-sample-capacity sample
changer and pH meter are interfaced with a
Radio Shack Model IV microcomputer.



——ce,

(6) Digestion and Distillation

A Tecator Digestion System 20-1005 heating
unit is combined with a Tecator 1030 analyzer
for automatic distillation and titration for
determination of total nitrogen and cation
exchange capacity.

(7) lon Chromatograph

A Dionex Model 2110i ion Chromatograph
with Advanced Chromatography Module and
automatic sample changer are used for the
determination of chloride, nitrate, and sulfate
in water extracts.

(8) Manometer

Datameterics Model 1174 Barocel Electronic
Manometer with pressure sensor and thermal
base is used for determination of calcium
carbonate equivalent.

(9) Conductivity Meter

Markson 4405 Digital Conductivity Analyzer
with temperature-compensating cell is used for
determination of electrical conductivity of
water extracts.

(10) Diluting/Dispensing
Hamilton Digital Diluter for rapid dispensing of

fluids.
Organic Carbon 6A
Acid-Dichromate Digestion 6A1
€O, evolution, gravimetric 6A1b
Reagents

Digestion-acid mixture.—Mix 600 m| concentrated
H»50, and 400 ml 85-percent H3P0,.

Potassium dichromate (K»Cr,05), reagent grade.

Potassium iodide (KI|).—Dissolve 100 g Kl in 100 m|
water,

Silver sulfate (Ag>S0,), saturated aqueous solution,

Concentrated sulfuric acid (H>50,).

Other reagents.—indicarb or Mikohbite, soda lime,
30-mesh zinc, and anhydrone (anhydrous magnesium
perchiorate).

Apparatus
See figure 6.

Procedure

Place a soil sample containing 20 to 40 mg carbon
{usually 0.5 to 3 g ovendry soil) in digestion flask and
add 1 to 2 g K;Cr,0;. Wash the neck of the flask with
3 ml water and connect the flask to refiux condenser.
Attach the weighed Nesbitt bulb to the system and
open the valve at the top. Pour 25 ml digestion-acid
mixture into funnel, let it enter the flask, and close the
stopcock immediately to prevent loss of CO,. Use
digestion-acid mixture to lubricate the funnel stopcock.
The tip of the air-delivery tube should extend about
0.5 cm below the surface of the acid during digestion.
Adjust the “carrier stream” to a flow rate of one or two
bubbles per second and maintain this rate during
digestion. Heat with a gas flame of sufficient intensity
to bring the sample to boiling in 3 to 4 min. Continue
gentle boiling for a total heating period of 10 min
(avoid excessive frothing). Heating is too rapid if white
fumes of SOs are visible above the second bulb of the
reflux condenser during boiling. At the end of the
digestion period remove the flame and aerate for 10
min at the rate of six to eight bubbles per second.
Then close the stopcock on the Nesbitt bulb,
disconnect the bulb from the system, and weigh.

Calculations

Organic carbon (pct.) =

final wt bulb (g) — initial wt bulb (g) .
g sample

27.29

Report on ovendry basis.

References
Allison (1960).
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oM m o0 o>

Indicarb
Soda fime

Flow rate or bubble indjcator
Allihn condenser

100 mt  Kjeldaht

Z = R- - X

Conc. H, §04

Zinc ( 30 mesh )
Anhydrone

Anhydrone

Indicart (6-10 mesh )
Indicarb (10-20 mesh)
Glass wool

Figure 6.—Apparatus for organic carbon determination by wet combustion with potassium dichromate (6A1b).

Fe$S0, titration, automatic titrator 6Alc

Apparatus
Titrator, automatic,
Titrator beakers, 250 ml, borositicate glass.

Reagents

Potassium dichromate (K5Cr>05), 1.00N
(49.04 g/L).

Ferrous sulfate, 1.0N.—Dissolve 280 g reagent-grade
FeS0Q, + 7H,0 in water, add 80 ml concentrated
H,804, cool, and dilute to 1 L. Standardize this
reagent each day by titrating against 10 ml N K5Cr20;
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as directed.

H,50,, at least 96 percent.

Procedure

Transfer 1 g (0.5 g or less if high in organic matter)
of soil, ground to pass a 2-mm sieve, to a 250-ml|
titrator beaker. Add 10 ml N K;Cr;07. Add 20 ml
concentrated H>50, rapidly, directing the stream into
the solution. Immediately swirl vigorously or place in
rotary shaker for 1 min. Let the flask stand on a sheet
of asbestos for about 30 min. Add 180 mi water.

Titrate with FeS0,4 to a mV setting of 630. If more than

8 ml of the available 10 ml K.,Cr,Q; are reduced,
repeat the determination, using less soil.



Calculations

Organic carbon (pct.) =

FeSO, blank (ml) — FeSO, sample (ml) x
g sample

0.30
0.77
0.77 is the recovery factor proposed by Walkley

(1935).
Report on ovendry basis.

normality of FeS0,4 X

References
Peech et al. (1947) and Walkley (1935).

Dry Combustion 6A2
€O, evolution Iil . 6A2¢
Apparatus

LECO 70-second carbon analyzer, model 750-100.
LECO induction furnace, model 521-000.

Reagents

Manganese dioxide.

Antimony.

1-g standard sample rings containing 0.870 percent
carbon.

1-g standard sample rings containing 0.073 percent
carbon,

Metal accelerator.

Iron chip accelerator.

Anhydrone.

Procedure

For noncalcareous soils, weigh approximately Y2 g of
< 2-mm soil into crucibles in duplicate. Add to the soil
in the crucibles one scoop of copper accelerator and
one scoop of iron chip accelerator. Mix by stirring. Add
an additional scoop of iron chips to the stirred mixture,
Four standard soils containing 0.8, 2.1, 3.5, and 6.5
percent organic carbon are run with each group of

s0ils. Follow LECQO instruction manuals for instrument

operation. Record readings from digital voltmeter as
percent carbon.

References
Tabatabai and Bremner (1970).

Sodium Pyrophosphate Extraction 6A4

This extraction procedure is used if organic carbon as
well as pyrophosphate-extractable Fe and Al are to be
determined. The Fe and Al are extracted by method
6C8 in any case.

Reagents
Sodium pyrophosphate (Na,P,0-), 0.1M.
Superfloc solution, 0.2 percent in water.

Procedure

Place 2 g soil into 500-m! centrifuge bottle. Add
236 ml 0.1M Na,P,0,, stopper and shake overnight in
reciprocating shaker. Remove stoppers, add 10 drops
Superfloc, replace stoppers, and shake each bottle by
hand for 15 s. Remove stoppers, and centrifuge for 30
min at 1,900 rpm.

CO, evolution, gravimetric 6Ada

Procedure

Proceed as in 6Alb except that in place of soil
sample, pipet 100-ml aliquot of extract into 100-m!|
Kjeldahl flask, add 1 ml of digestion-acid mixture and
evaporate to dryness in boiling water bath.

Calculations

Organic carbon (pct.) =

final wt bulb (g) — initial wt bulb (g) y
g sample

27.29 x dilution

Report on ovendry basis.
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References
Allison (1960).

Nitrogen 6B
Kjeldahl Digestion | 6B1
Reagents

Concentrated sulfuric acid (H2S04,).

Salt mixture:

Potassium sulfate (K;50,), 1,000 g.
Ferrous sulfate (anhydrous) FeS0,, 55 g.
Copper sulfate (anhydrous) CuS0,, 32 g.
Hengar granules (selenized).

Procedure

Weigh 5 g soil into 800-ml Kjeldahl flask, add 20 ml
distilled water and let stand overnight. Add 10 g salt
mixture, 2 or 3 Henger granules, and 30 m| H,80,.
Digest on Kjeldahl digestion heaters, rotating flasks
frequently. Continue digestion 1 hr after mixture is
clear.

References
Association of Official Agricultural Chemists (1945).

Ammonia distillation, automatic titrator 6B1b

Reagents
Boric acid (H3BO3), 4 percent.
HCI, standardized, 0.1N or 0.05N.
Concentrated sodium hydroxide (NaOH) solution, 50
percent.
Antifoam mixture:
Equal parts n-octyl alcohol and minerat oil.

Mossy zinc,

Procedure
Cool digestion flask (6B1) and dilute cantents with

about 400 mi water. Add 2 to 3 g mossy zinc, 5 drops
antifoam mixture, and 70 ml concentrated NaOH
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solution. Connect flask to condenser and distill
ammonia into 250-mi titrator beaker containing 50 ml
H3BO3 solution. Titrate with standard HCI to end point
pH setting of 4.60 on automatic titrator.

Calculations

HCI sample (ml) — HCI blank {ml) y
g sample

N (pct.) =
normality of HCI x 1.4

Report on ovendry basis.

Kjeldahi Digestion Il 683

Apparatus
Aluminum digestion block, 20 places for 250-ml
digestion tubes.

Reagents
Concentrated sulfuric acid (H>50,).
Salt mixture:
Potassium sulfate (K250,4), 1,000 g.
Ferrous sulfate (anhydrous) FeSQ,, 55 g.
Copper sulfate (anhydrous) CuSQ,4, 32 g.
Hengar granules (selenized).

Procedure

Weigh 3 g soil or less into 250-mi digestion tubes,
add 5 ml water and let stand several hours. Add 1 or 2
Hengar granules, 18 ml concentrated H,S0, and let
stand overnight. Preheat aluminum digestion block to
420° C. Add 6 g salt mixture, place tubes in block and
digest for 1 hr. Remove tubes. Place on asbestos
board, allow to cool for 10 to 15 min and add 50 ml
distilled water. Carry a reference sample with 0.1 g
sucrose and all reagents through the procedure.

References
Association of Official Agricultural Chemists (1945).
Schuman, Stanley, and Knudsen (1973).




Ammonia steam distillation, automatic titrator 6B3a

Apparatus

Steam distillation/titration apparatus, Kjeltec auto
1030 analyzer.

Alphacom 40 printer.

Digestion tubes, 250-ml,

Reagents
Sodium Hydroxide (NaOH), 50 percent solution.
Boric acid (H3B04) 4 percent (W/V) aqueous solution
with Bromocresol Green-Methyl Red indicator
Hydrochloric acid (HCI) O.1N, standardized.

Pracedure

Refer to instruction manual for operation of Kjeltec
auto 1030 analyzer. From procedure 6B3, connect
digestion tube to distillation unit. Close the safety door.
The distillation, titration, and calculation are performed
automatically in about 4 min. Result is printed in
percent nitrogen.

Calculations

HCI sample (mi) — HCI blank {(ml) “
g sample

N (pet.) =

normality of HCl x 1.4

Report on ovendry basis.

Iron 6C
Dithionite-Citrate Extraction 6C2
Reagents

Sodium dithionite (Na;$,0,).
Sodium citrate.
Superfloc flocculating agent, 0.2 percent in water.

Procedure

Weigh 1 to 4 g of soil (approximately 0.2 g
maximum extractable iron) into an 8-0z nursing bottle.
Add 2 g sodium dithionite and 20 v 25 g sodium

citrate. Make up to 4 oz with water, and shake
overnight in a reciprocating shaker. Add 2 ml Superfloc
solution to the suspension, make up to 8 oz with water,
shake vigorously for 15 s and allow to settle for at least
1 hr, This extract is used for analysis of iron (6C2b),
aluminum (6G7a), and manganese (6D2a).

References
Holmgren (1967).

Atomic absorption 6C2b

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents 4
Iron solution 1,000 mg/L, standard (optionally 2,000
mg/L).

Procedure

Measure absorbance of samples at 372.0 nm and
compare with that of standards prepared by pipetting
50 and 150 m| of standard iron solution into 8-0z
shaking bottles and carrying through extraction
procedure as in 6C2. The concentration of most cations
must be kept nearly constant to eliminate ionization
interferences.

Calculations

Fe (mg/8 oz) » dilution
g sample 10

Fe,03 (pct.) = Fe (pct.) x 1.43
Report on ovendry basis.

Fe (pct) =

HF Dissolution 607
Prepare extract as in method 7C3.
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Atomic absorption 6C7a

Reagents
Standard Fe solutions, 100 and 200 mg/L.

Procedure

Dilute HF extracts from 7C3 and Fe standards
fivefold to twentyfold with water. Compare absorbance
of samples with that of standards at 372.0 nm. The
concentration of most cations must be kept nearly
constant to eliminate ionization interferences,

Calculations

Fe (mg/L) x 10
mg clay

Fe (pct.) = x dilution

Fe;03z (pct.) = Fe (pct.) x 1.43

Report on ovendry basis,

Sodium Pyrophosphate Extraction || 6C8

Reagents
Sodium pyrophosphate (Na,P,05), 0.1 M.
Superfloc solution, 0.2 percent in water.

Procedure

Place 2 g soil into 8-0z shaking bottle. Add C.1M
NasP>07 to 7 oz mark, stopper and shake overnight in
reciprocating shaker. Add 4 ml Superfloc and make up
to 8 oz volume with 0.1M Na,P,0,. Shake and let
stand several days to allow suspension to settle. This
extract is used for analysis of iron (6C8a) and
aluminum (6G10a).

Atomic absorption 6C8a

Apparatus
Atomic absorption spectrophotometer.

Reagents
Standard Fe solution, 50 mg per 8 oz.
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Procedure

Measure absorbance of sample (6C8) at 372.0 nm
and compare with absorption of standard prepared by
pipetting 50 mi of 1,000 mg/L Fe solution into 8-0z
shaking bottle and carrying through extraction
procedure as in 6C8. The concentration of most cations
must be kept nearly constant to eliminate ionization
interference.

Calculations

Fe (mg/8 oz) y dilution

Fe (pct.) =
g sample 10

Report on ovendry basis.

Manganese 6D

Dithionite-Citrate Extraction 6D2

Extract soil sample as described in 6C2.

Atomic absorption 6D2a

Apparatus
Diluter.
Atomic absorption spectrophotometer.

Reagents
Manganese solution 1,000 mg/L, standard.
Superfloc flocculating agent, 0.2 percent in water,

Procedure
Add 2 mi Superfloc to dithionite-citrate treated
soit suspension, (from 6C2) bring volume to 8 oz with
water and shake vigorously. Allow to settle until
supernatant is clear. Dilute the supernatant fivefold to
twentyfold with the diluter, dispensing into
polyethylene sample vials of the automatic sample
changer. Dilute standards in the same ratio.
Determine the flame absorption of the sample at
403.1 nm. Calibrate instrument to read directly in
milligrams per 8 oz.
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To prepare the standards, pipet 10-, 25-, 50-, and
100-ml aliquots of standard manganese solution
(1,000 mg/L) into 8-0z shaking bottles, making to 8 oz
after adding reagents and treating as in 6C2.

Calculations

Mn (mg/8 o0z) y difution
g sample 10

Mn (pct.) =

Report on ovendry basis.

Calcium Carbonate 6E
HCI Treatment 6E1
Manometric 6E1b
Apparatus

Wide-mouth prescription bottles, 3-oz, with bakelite
cap; drill 16-in hole in cap for serum bottle stopper.

Rubber gasket, 135 in OD x %46 in ID.

Serum bottle stopper.

Mercury manometer and a 26-gauge hypodermic
needle attached to manometer tube.

Gelatin capsule. Y4 oz.

Reagents
Hydrochloric acid (HC!), 6N.
Giycerin.

Procedure

Place 2 g of soil in prescription bottle and add 5 mi
water. Moisten lip of bottle with a drop of glycerin to
ensure a good seal with rubber gasket. Fill gelatin
capsule with HCI, put cap in place and invert to seal
cap on capsule. Place‘ capsule in bottle and
immediately cap the bottle. In a minute or two the HCI
will dissolve the capsule. After 1 hr insert hypodermic
needle through serum stopper and read manometer.
Compare reading with those for standards prepared by
treating aliquots of standard Na,CO5 solution in same
manner as samples.

Vary sample weight according to CaCO3 content as
follows: For <25 percent CaCO4, use 2 g soil; for 25 to
50 percent CaCO3, 1 g soil; and for =50 percent
CaCQ3, 0.5 g soil. ,

For trace amounts, add a few drops 6N HCI to soil
and abserve under binocular microscope. Evolution of
gas bubbles indicates the presence of CaCOs.

References
Williams (1948).

Manometer, electronic 6E1g

Apparatus
Manometer, electronic, digital, 0-1000 Torr.
Pressure sensor with thermal base.
Wide-mouth bottle, round, 120 ml (4 o02).
Machined cap for bottle, PVC, with self-sealing,
quick-connect fitting, O-ring seal.
Gelatin capsule, V4 oz.

Reagents
Hydrochloric acid (HCI), 6N.

Procedure

Weigh 0.5- to 2-g sail sample into wide-mouth bottle
and add 5 ml water. Measure 5 ml HC| into gelatin
capsule, place cap on capsule, and seal by inverting.
Place capsule in bottle and cap immediately.
Momentarily depress valve in quick-connect fitting with
machined PVC plunger to equalize pressure within
bottle with room pressure. In a minute or two the HC|
will dissolve through the gelatin capsule. After 1 hr
connect the pressure sensor with bottie by means of
pressure tubing with quick-connect fitting. Read
pressure from manometer in Torrs and compare with
those for standards containing known weights of
CaCOs. Report on ovendry basis.

Maintain thermial base of pressure sensor at 105° F
setting. Vary sample weight according to CaCO3 content
as follows: For <25 percent CaCQs, use 2 g soil; for
25 to 50 percent CaCO3, use 1 g soil; and for =50
percent CaCOs, 0.5 g soil.

For trace amounts, add a few drops 6N HC! to soil
and observe under binocular microscope. Evolution of
gas bubbles indicates the presence of CaCOs.
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< 20-mm Basis 6E4

Determine carbonate content of 2- to 20-mm fraction
(1B5a) by one of the above methods. The carbonate in
the 2- to 20-mm fraction and that in the <2-mm
fraction (1B1a) are combined and converted to a
<20-mm soil basis.

Calculations
Carbonate as CaCQ3 (pct.) = (A x B) + (C x
(1-B))

where

>
1

CaCQ; (pct.) in <2-mm material

s o)
I

wt material <20 mm — wt material 20 to 2 mm
wt material <20 mm

C = CaCO3 (pct.) in 20- to 2-mm material
Note: Sample weights for B are obtained during
sample preparation (1B1 and 3Bla).

Gypsum 6F
Water Extract 6F1
Precipitation in acetone 6F1a
Reagents

Acetone (CH3COCHS).

Procedure

Qualitative.—Pour approximately 5 ml saturation
extract into a 15-ml conical centrifuge tube. Add about
5 ml acetone and invert the tube several times to mix
the contents. Let stand for 30 min in a test-tube rack;
run gquantitatively all samples in which a precipitate
forms, an indication of gypsum in the soil.

Quantitative.—Weigh 20 g air-dry soil into an 8-0z
nursing bottle and add 100 ml water (1:5 ratio). If
gypsum content is more than 10 meq per 100 g soil
(Solu-bridge reading >0.90), repeat, using a 1:10 or
greater dilution. Stopper the bottle and shake in a
reciprocating mechanical shaker for 30 min. Filter the
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suspension on folded No. 12 Whatman 18.5-cm filter
paper, using a 90-mm funnet. The first few milliliters
of filtrate are usually cloudy and should be caught in a
waste beaker and discarded. Pipet a 5-ml (or 20-m!)
aliquot into a 15-ml (or 50-ml) conical centrifuge tube,
add 5 ml (or 20 ml) acetone with a buret, stopper, and
mix by inverting the tube. Let stand for at least 10 min
to allow the precipitate to flocculate and centrifuge at
2,000 rpm for 5 min. Decant and discard the
supernatant liquid. Invert and drain the tube on filter
paper or toweling for about 5 min. Add 5 ml (or 10)
acetone, replace stopper, and shake until precipitate
disintegrates. Remove stopper and centrifuge at 2,000
rpm for 5 min. Decant and drain as before. Add 10 m!
{or 40) water, stopper, and shake until precipitate
dissolves. Measure electrical conductivity with a
Solu-bridge, using a 2-ml-pipet conductivity cell.

Quantities in parentheses are those used in the
laboratory at Riverside, Calif. Adjust instrument to
temperature of solution and read concentration of
CaS0, from standard curve.

This curve can be constructed by means of the
following data from the International Critical Tables.

CaS0,4 concentration Electrical conductivity at

(meq/L): 25° C {(mmhos/cm)
1 0.121
2 226
> S .500
10 .o .900
20 1.584
305 . 2.205
Calculations 1

CaS0, in aliquot (meq) = CaS0, from

H,0 to dissolve ppt (mh)

curve (meq/L) x

1,000
CaS0, in soit (meq/100 g) =
CaSQ, in aliquot {meq) v 100
soil:water ratio aliquot (m1)

CaS0, as gypsum (pct) = CaS0, » 2H,0
{meq/100 g) x 0.086 (g/meq)




Report on ovendry basis.

References
Richards (1954).

Indirect estimate 6F1b

Add a weighed guantity of soil to enough water to
dissolve all the gypsum by overnight shaking. The
concentration of sulfate in this dilute soil:water extract
should be <10 meg/L. Gypsum can be estimated by
method 6F2. If crystals are observed or estimated
gypsum content is >5 percent, the <2-mm sample
should be ground to approximately 80 mesh. Determine
total sulfate in this extract by any appropriate
procedure. Also determine Ca and SO, in a saturation
extract by any appropriate procedure.

Calcufations

Gypsum = (SO4)DE - (304)non-gyp5um 5E

but 504 non-gypsum SE = (S04)se — (304)gypsum SE
. gypsum = (S04)pe + (SO4)gypsum s — (SO4)se

where

{SO04)pe = S04 in dilute water extract
(804)se = S04 in saturation extract

(SO4)gypsum se = 30 meq/L if SO, and Ca are =
30 meq/L

= (S04)se if (Ca)se > (S04)5e

= (Ca)sg if (Ca)ge < (SO4)se

All quantities are reported in meg/100 g.

Gypsum (pct.) = Gypsum (meq/100 g) x 0.0861
(g/meq)

References
Lagerwerff, Akin, and Moses (1965).

lon chromatograph 6F1c

Apparatus
DIONEX Model 2110i ion chromatograph
Recorder (1 volt input).
Voltage stabilizer,

Reagents
0.1M NayCOs.
0.003M NaHCOs.
0.0024M Na,COs.
1N H;80,.

Mixed standard solution
Fluoride 0.0125 to 5.0 meq/L.
Chloride 0.01 to 4.0 meg/L..
Nitrate 0.025 to 10.0 meg/L.
Sulfate 0.05 to 20.0 meq/L.

All solutions are filtered through a polycarbonate
membrane having 0.4p.m pore size. Soil extracts are
filtered with a disposable filter unit (Millix™) having
0.22 pm pore size.

Procedure

The soil extract is obtained as described in 6F1a, Fill
a plastic syringe (3 to 10 cc) with a solution having a
concentration within the range of the sulfate standard.
Baseline is established using a full-scale pmhos setting
of 3 before each determination. This setting is adjusted
as needed, keeping in the range used for making the
determinations on the mixed standard. Peak height
readings are made on the mixed standard using eight
concentrations. A curve fitting linear regression
equation [y{meq/L) = a; (PKH) + ag] is established
for the sulfate standards. Sulfate concentration in the
soil extracts is determined by this equation.

Calculations
See 6F1b.

Weight Loss 6F2

Apparatus
Vacuum desiccator.
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Aluminum dish.
Balance, 0.001-g sensitivity.

Reagents
Phosphorus pentoxide (P,0s).

Procedure

Place about 10 g of soil in a tared (Wt A) aluminum
dish. Saturate sample with water and let stand
overnight to air-dry, Place in a vacuum desiccator with
P-05 desiccant. Evacuate desiccator and allow to stand
48 hr. Remove dish from desiccator and weigh (Wt B),
then place in oven at 105° C for 24 hr. Allow dish to
cool in desiccator and weigh (Wt C).

Calculations

(Wt B — Wt C) (100)
(Wt B~ Wt A) (0.1942)

Gypsum (pct.) =

The theoretical crystal water content of gypsum is
20.91 percent. However, Nelson et al. have
determined that, in practice, this content averages
19.42 percent.

References
Nelson, Klameth, and Nettleton (1978).

Correction for Crystal Water 6F3

Soil properties are expressed on an ovendry-weight
basis. Gypsiferous soils are a special case because
gypsum (CaSQ,:2H,0) loses nearly ali of its two
molecules of water at 105° C.

Chemical properties of gypsiferous soils reported on
an ovendry weight basis should be converted to include
the weight of crystal water in gypsum. This can be
done conveniently by converting the air-dry (AD) to
ovendry (OD) ratio, used to convert chemical properties
to an ovendry basis, to a crystal-water-containing basis
(equation 1).

When reporting water content of gypsiferous soils,
the crystal water content must be subtracted from the
total ovendry water content (equation 2).
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Calculations
(1) AD, corrected basis = AD , uncorrected
oD oD
1 + (A x 0.001942)

(2) Water content, corrected basis =

Percent total water — (A x 0.1942)
1 + (A x 0.001942)

where
A = gypsum (pct.)

References
Nelson, Kiameth, and Nettleton (1978).

< 20-mm Basis 6F4

Determine gypsum content by appropriate method on
2- to 20-mm fraction (1B5a). This gypsum and that
determined on the fine earth (1B1la) are combined and
converted to a <20-mm soil basis.

Calculations
Gypsum (pct.) = A X B + (C x (1 — B))

where
A = gypsum (pct.) in <2 mm material
B = wt material <20 mm — wt material 20 to 2 mm

wt material <20 mm

C = gypsum (pct.) in 20 to 2 mm material

Gypsum Requirement 6F5

The amount of gypsum needed to replace all of the
sodium on the exchange complex with calcium is the
gypsum requirement.

Reagents

Saturated gypsum solution.—Place about 25 g gypsum
(CaS04-2H,0) in 5 L water in a large flask, stopper,
and shake by hand periodically for 1 hr or more. Let
settle and decant through a filter into storage bottle.
Determine calcium concentration by titration of an
aliquot with standard EDTA solution using Eriochrome
black T as indicator.



EDTA solution.—Dissolve 1.25 g di-sodium
ethylenediamine tetraacetate in water and dilute to
1 L. Standardize against solutions containing known
concentrations of Ca and Mg.

Buffer solution.—Dissolve 6.75 g ammonium chloride
in about 400 ml water. Add 570 ml concentrated
ammonium hydroxide and dilute to 1 L with distilled
water.

Eriochrome black T indicator.—Dissolve 1 g
Eriochrome b'ack T in 100 ml triethanolamine.

Procedure

Weigh 5 g soil into flask, add 100 ml saturated
gypsum solution, stopper, and shake for 5 min in
mechanical shaker. Filter through folded filter paper,
discarding the first few milliliters of filtrate, which may
be cloudy.

Pipet a 5-ml aliquot of filtrate into a 125-m|
Erlenmeyer flask and dilute to 25 or 30 ml with
distilled water. Add 10 drops of buffer solution, 2
drops Eriochrome black T indicator, and titrate with
standard EDTA solution to blue end point.

Calculations

Gypsum requirement (meq/100 g) =

[(Ca conc of gypsum soln (mea/L)) — (Ca + Mg conc
of filtrate (meq/L))] x 2

References
Richards (1954),

Aluminum 6G

Dithionite-Citrate Extraction 667
Prepare extract as described in 6C2.

Atomic absorption 6G7a

Apparatus
Atomic absorption spectrophotometer.

Reagents
Standard Al solutions, 30, 60, 120 mg/8 oz.

Procedure
Measure absorbance of samples from 6C2 at
309.3 nm and compare with that of standard solutions.

Calculations
Al (mg/8 oz diluti
Al (pet) = AL(mg8 oz) on
g sample 10
Report on ovendry basis.
NH,CI, Automatic Extractor 6G8

Prepare extract as described in 5A9.

Atomic absorption 6G8a

Apparatus
Atomic absorption spectrophotometer,

Reagents
Standard Al solutions, 0 to 6 meq/L

Procedure
Compare absorbance of samples from 5A9 with that
of standards at 309.3 nm, diluting if necessary.

Calculations
Al (meg/L)
Al = —
(meq/100 g) 2 sample
o ml extract
dilution x ————
10

Report on ovendry basis.

KCI, Automatic Extractor 669

Equipment
Automatic extractor, 24 place.
60-ml plastic syringes and syringe barrels; use one
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sample tube, one reservoir tube, and one tared
extraction syringe.

Reagents
KCI solution, 1N.

Procedure

Prepare sample extraction tubes by forcing a 1-g ball
of filter pulp into bottom of barrel with syringe piunger.
Weigh 2.5 g soil into tube. Place sample tubes in
extractor, attach tared extraction syringe, rinse sides of
tube and stirring rod with KCI and fill to 20-m! mark.
Attach reservoir tube and let stand 30 min.

Extract at a setting of 20 to 25 until a depth of 0.5
to 1.0 cm of KCI remains above sample Turn off
extractor and add 45 ml KCI to the reservoir. Extract
at a setting of 15 (approximately 40 min).

Remove and weigh syringes and reserve a portion of
extract for determination of aluminum.

Atomic absorption 669a

Equipment
Atomic absorption spectrophotometer.

Reagents ‘
Standard Al solution, 0 to 6 meq/L.

Procedure
Measure absorption of samples at 309.3 nm and
compare with that of standard solutions.

Calculations
Density factor for IN KCI = 1.0412

Al (meq/100 g) =
(wt syringe + extract) (g) — tare (g)
1041.2 X

100

—  x01 x
sample wt (g)

Al from curve (meg/L) x dilution
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Report on ovendry basis.

Sodium Pyrophosphate Extraction 6G10
Prepare extract as described in 6C8.

Atomic absorption 6G10a

Apparatus
Atomic absorption spectrophotometer.

Reagents
Standard Al solutions, 0, 30, and 60 mg per 8 oz
(237 mi).

Procedure

Measure absorbance of sample (from 6C8) at
309.3 nm and compare with absorption of standards
prepared by pipetting 30 and 60 ml of 1,000 mg/L Al
solution into 8-0z shaking bottle and carrying through
extraction procedure as in 6C8.

Calculations
Al (mg/8 oz) y dilution
g sample 10

Al (pct.) =

Report on ovendry basis.

HF Dissolution 6611
Prepare extract as in 7C3.

Atomic absorption 6G11a

Apparatus
Diluter.
Atomic absorption spectrophotometer.

Reagents
Standard Al solutions, 100, 200 mg/L.



Procedure

Dilute HF extracts from 7C3 and Al standards
fivefold to twentyfold with water. Compare absorbance
of samples with that of standards at 309.3 nm.

Calculations

Al (pct.) = Al (mg/L) x 10 x dilution

mg sample

Al03 (pet.) = Al (pct.) x 1.89

Report on ovendry basis.

Extractable Acidity 6H
BaCi,—Triethanolamine Ili 6H4
Apparatus

60-ml plastic syringe barrels.

Reagents

Buffer solution.-—Barium chloride, 0.5N, and
triethanolamine, 0.2N. Add 1N HCI (about 90 mi/L) to
adjust pH to 8.2. Protect the buffer solution from CO,
of the air by attaching a drying tube containing soda
lime (sodium calcium hydrate) to the air opening at the
top of the solution bottle.

Replacement solution.—Barium chloride, 0.5N. Add
5 ml of above buffer solution per liter. Protect the
replacement solution from CO; of the air by attaching a
drying tube similar to that used for the buffer solution.

“Celite" filter pulp.

Procedure

Prepare syringe barrels as leaching tubes by forcing a
1-g ball of filter pulp into bottom of barrel with syringe
plunger. Measure 1.5 g celite and 5 g soil sample into
tube. Attach pinch clamp to delivery tube of syringe
barrel and add approxim3tely 25 ml buffer solution to
sample. Let stand 30 min, stirring occasionally.
Remove pinch clamp and filter with low suction into
titrator beaker using a total of 50 ml buffer solution
followed by 100 ml replacement solution.

References
Peech (1947).

Back-titration with HCI, automatic titrator 6H4a

Reagents
Hydrochloric acid (HCI), 0.33N, standardized.

Procedure

Titrate the leachate contained in the 250-ml beaker
to an end-point pH setting of 4.60 with automatic
titrator. Carry reagent blank through procedure.

Calculations
Extractable acidity (meq/100 g) =
HCI blank {(ml) — HCI sample (ml) %

g sample

normality of HCI x 100

Report on ovendry basis.

BaCl—Triethanolamine IV, Automatic Extractor 6H5

Apparatus

Automatic. extractor, 24 place.

Syringes, 60 cc, polyprapylene; use one sample tube
and one extraction syringe per sample.

“Repipet” dispenser, 10 mi and 20 ml.

Sample diluter (optional).

Reagents

Buffer solution.—Barium chloride, 0.5N, and
triethanolamine, 0.2N. Add 1N HCH (about 90 ml/L) to
adjust pH to 8.2. Protect the buffer solution from CO»
of the air by attaching a drying tube containing soda
lime (sodium calcium hydrate) to the air opening at the
top of the solution bottie.

Replacement solution.—Barium chloride, 0.5N. Add
5 ml of above buffer solution per liter. Protect the
replacement solution from CO, of the air by attaching a
drying tube similar to that used for the buffer salution.
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Procedure

Prepare sample extraction tubes by tightly
compressing a 1-g ball of filter pulp into bottom of
syringe barrel with plunger. Weigh 2.00 g soil sample
into tube.

Place sample tube in upper disc of extractor and
connect to inverted extraction syringe, the plunger of
which is inserted in slot of stationary disc of extractor.
Wash down sides of tube with small amount of water
from wash bottle. Add a 10-ml aliquot of buffer
solution with sample diluter, directing the stream of
solution into sample for thorough mixing. Allow to
stand for 30 min.

Set extractor for 30-min rate and extract until only a
small volume of solution remains above sample. If
necessary, shut off extractor to prevent soil from
becoming dry. Add a second 10-ml aliquot of buffer
solution and continue extracting until nearly all solution
has been pulled through sample. Add replacement
solution from sample diluter in two 20-ml aliguots,
passing the first aliquot through the sample before
adding the next. Total time for replacement should be
close to 30 min.

References
Peech (1947).

Back-titration with HCI, automatic titrator 6H5a

Reagents
Hydrochioric acid (HCI), 0.13N, standardized.

Procedure

Transfer extract to titrator beaker, add 100 ml
distilled water and titrate with automatic titrator to an
end-point pH setting of 4.60.

Establish a blank titer for each new batch of
extraction reagents by taking the mean of titrations of
12 blanks, each containing 20 ml buffer solution and
40 m! replacement solution.
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Calculations
Extractable acidity (meg/100 g) =
HCI blank (ml) — HCI sample (ml) o

g sample

normality of HCI x 100

Report on ovendry basis.

Carbonate 6l

Saturation Extract 611
Prepare saturation extract as directed in 8A3.

Acid titration, automatic titrator 611b

Apparatus
Titrator, automatic.
Titrator beakers, 250 ml.

Reagents
Sulfuric acid (H»50,4) 0.015N, standardized.
Phenolphthalein.

Procedure

Pipet 5 ml or other suitable aliquot of saturation
extract from 8A3 into 250-m| titrator beaker and dilute
with 70 ml boiled, distilied water. Add a drop of
phenolphthalein. If pink color develops, set pH end
point of titrator to 8.2 and titrate sample to this end
point. Retain sample for measurement of bicarbonate.

Calculations
H>50,4 (ml) »

Carbonate (meq/L) = —
aliquot (ml)

normality of H;$0, x 2,000



Bicarbonate 6)

Saturation Extract 611
Prepare saturation extract as directed in 8A3.

Acid titration, automatic titrator 6i1b

Apparatus
Titrator, automatic.
Titrator beakers, 250 ml.

Reagents
Sulfuric acid (HzS04) 0.015N, standardized.

Procedure

Use solution remaining from carbonate titration
(6J1b). Set pH end pont to 4.01, and titrate sample
to this end point. Titrate blanks of boiled distilled
water to same end point.

Calculations

Bicarbonate (meq/L) =

[(ml H,S0, + ml H>50, from 611b) — (blank) —
(2 x ml H80, from 611b)] x

normality of H,S0, x 1,000
aliquot (ml)

Chloride ) 6K

Saturation Extract 6K1
Prepare saturation extract as directed in 8A3.

Chromatograph 6Kic

Apparatus
Dionex System 2110i chromatograph.
Advanced chromatography module.
Analytic pump.
Conductivity detector.
Autoion 100 controller.

Auto sampler.

Recorder (1-volt input).

Anion analytical column HPIC-AS3 4 x 250.
Anion guard column HPIC-AG3 4 x 50.
Fiber anion supressor.

Disposable filter unit (0.22-p pore size).

Reagents
Sodium bicarbonate (NaHCO3), 0.003M.
Sodium carbonate (Na,CO3), 0.0024M.
Sulfuric acid (H2804), 0.025N.

Standard solution concentration ranges:
Nitrite—0.05 to 0.07 .

Mixed standards—six standard solutions with the
following four anions in each solution:
Fluoride—

0.0125to0 1.875 meq/L 0.025 to
1.875 meq/L.
Chloride—
.01 to 1.5 meq/L .02 to
1.5 meg/L.
Nitrate—
.03 to 4.5 meq/L .06 to
4.5 meqg/L.
Sulfate—
.05 to 7.5 meq/L dto
7.5 meg/L.

All solutions are made with distilled water which has
been filtered through a 0.2—p filter. Soil extracts are
filtered.

Procedure

The saturation extract is obtained from the saturated
paste (8A3), is filtered, and its conductance is
measured. The estimated sum of cations is calculated
from the conductance using the relationship of meg/L
saturation extract = 1010885 = ke k41 [ chigride is the
expected dominant anion, a dilution is selected so the
resulting concentration will be <0.3 meq/L. chloride. I
sulfate is the expected dominant anion, a dilution is
selected so the resulting concentration will be
<5 meg/L sulfate. Dilutions are made using the eluent
solution as the diluent. Fill a plastic syringe (3 to
10 mi) with a solution having a concentration within
the range of the mixed standard.
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A baseline is established using a full-scale micromho
setting of 3 before each determination. This setting is
adjusted as needed, keeping within the range used for
making the determinations on the mixed standard.
Peak height readings are made on the mixed standard
using selected concentrations. A curve fitting the linear
regression equation (v (meq/L) = a; (peak heights) +
a,) is established for each ion, r, = >0.98.

A qualitative (NO,-NO;3) test is made by placing 1
drop of the sample and 4 drops of diphenylamine
solution on a spot plate. The amount present is
indicated by the intensity of the blue color. This
independent test is an aid in the identification of
peaks. If NO, is present in any sample, this standard is
run and its curve-fitting linear regression equation
established. These values are reported as NO3 +
NO, meq/L.

Calculations

Chloride, sulfate, nitrite-nitrate, fluoride (meq/L) =
a, (peak height) + ap where a; = slope and ag =
intercept.

Sulfate 6L

Saturation Extract 6L1
Prepare saturation extract as directed in 8A3.

Chromatograph 6L1c
Determine sulfate as described in 6K1c.

Nitrate 6M

Saturation Extract 6M1
Prepare saturation extract as directed in 8A3.

Chromatograph 6Mic
Determine nitrate as described in 6Klc.

Calcium 6N

Saturation Extract 6N1
Prepare saturation extract as described in 8A3.
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Atomic absorption 6N1b

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents

Standard Ca solutions, O to 30 meq/L.

Lanthanum stock solution, 65,000 ppm. Siowly
dissolve 76.2 g La,03 in 300 ml 6/ HCI and dilute to
1 L. Dilute stock solution 1:10 with water for use as
diluent when diluting sample solutions and standards.

Procedure

Prepare standards and sample extracts from 8A3
with 0.65 percent (6,500 ppm) lanthanum. Measure
absorbance of samples at 422.7 nm and compare with
that of standards.

Calculations
Ca (meq/L) = Ca (meg/L) x dilution

NH,0Ac Extraction 6N2
Obtain extract as in HA8.

Atomic absorption 6N2e

Procedure
Proceed as in 6N1b except use samples from
NH,0Ac extract, method SA8.

Calculations )
Ca (meq/100 g) = M pe
g sample
ml extract

dilution x 10

Report on ovendry basis.

HF Dissolution 6N5
Obtain extract as in 7C3.




Atomic ahsorption 6Nba

Apparatus
Diluter.
Atomic absorption spectrophotometer.

Reagents
Standard Ca solutions, 0 to 30 meg/L.

Procedure

Dilute HF extracts from 7C3 and Ca standards
fivefold to twentyfold with water., Compare absorbance
of samples with that of standards at 442.7 nm.

Calculations
Ca (pct.) =

Ca (meg/L) x 10 x dilution x 20.04 (mg/meq)
mg sample

CaO (pct.) = Ca (pct.) x 1.40

Report on ovendry basis.

Magnesium 60
Saturation Extract 601
Prepare saturation extract as described in 8A3.

Atomic absorption 601h

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents
Standard Mg solutions, 0 to 10 meq/L.

Procedure

Dilute sample extracts from 8A3 and standards or
use La-diluted sample from 6N1b, Be sure standards
are diluted with same solution as samples. Measure
absorbance of samples at 285.2 nm and compare with
that of standards.

Calculations
Mg {meqg/L) = Mg (meg/L) x dilution

NH,0Ac Extraction 602
Obtain extract as in 5A8.

Atomic absorption 602d

Procedure
Proceed as in 601b except use samples from
NH40Ac extract, method 5A8.

Calculations

Mg (meq/100 g) = B (Mmed/L)

g sample

ml extract

diluti
ilution x 10

Report on ovendry basis.

HF Dissolution 605
Obtain extract as in 7C3.

Atomic absorption 605a

Apparatus
Diluter,
Atomic absorption spectrophotometer.

Reagents
Standard Mg solutions, 0 to 10 meg/L.
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Procedure

Dilute HF extracts from 7C3 and Mg standards
fivefold to twentyfold with water. Compare absorbance
of samples with that of standards at 285.2 nm.

Calculations
Mg (pct.) =

Mg (mea/L) x 10 x dilution x 12.16 (mg/meq)
mg sample

MgO (pct.) = Mg (pct.) x 1.66

Report on ovendry basis.

Sodium 6P

Saturation Extract 6P1
Prepare saturation extract as described in 8A3.

Atomic absorption 6P1b

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents
Standard Na solutions, 0 to 20 meg/L in water.

Procedure

Dilute samples from 8A3 and standards and compare
absorption of samples at 589 nm with that of standard
solutions.

Calculations
Na (meqg/L) = Na (meg/L) x dilution

NH,0Ac Extraction 6P2
Obtain extract as in HA8.

Atomic ahsorption 6P2b
Proceed as in 6P1b except use samples from
NH40Ac extract, method 5AS8.
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Calculations

L
Na (meq/100 g) = Namea/L)

g sample

ml extract
10

dilution x

Report on ovendry basis.

HF Dissolution 6P3
Obtain extract as in 7C3.

Atomic absorption 6P3a

Apparatus
Diluter.
Atomic absorption spectrophotometer.

Reagents
Standard Na solutions, 0 to 20 meg/L in HF and
boric acid.

Procedure

Dilute HF extracts from 7C3 and Na standards
fivefold to twentyfold with water. Compare absorbance
of samples with that of standards at 589 nm.

Calculations
Na (pct.) =

Na (megq/L) x 10 x dilution x 23.00 (mg/meq)
mg sample

NazO (pct.) = Na (pct.) x 1.35

Report on ovendry basis.

Potassium 6aQ

Saturation Extract 6Q1

Prepare saturation extract as described in 8A3.



—

Atomic ahsorption 6Q1b

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents
Standard K solutions, O to 5 meq/L in water.

Procedure

Dilute sample extracts from 8A3 and standards, if
necessary, and compare absorption of samples at
766.5 nm with that of standard solutions.

Calculations
K (meg/L) = K (meq/L) x dilution

NH,OAc Extraction 602
Obtain extract as in H5A8.

Atomic absorption 602b
Proceed as in 6Qlb except use samples from
NH,0Ac extract, method 5A8.

Calculations
K (meq/L) %

K (meq/100 g) =
g sample

ml extract
10

dilution x

Report on ovendry basis.

HF Dissolution 6Q3
Prepare soil extracts as described in 7C3.

Atomic absorption 6Q3a

Apparatus
Atomic absorption spectrophotometer.
Diluter.

Reagents
Standard K solutions, O to 5 meq/L in HF and boric
acid.

Procedure

Dilute HF extracts from 7C3 and K standards fivefold
to twentyfold with water. Compare absorbance of
samples at 766.5 nm with that of standards.

Calculations

K (pct.) =

K (meq/L} x 10 x dilution x 39.1 (mg/meq)
mg sample

K20 (pct.) = K {pct.) x 1.20

Report on ovendry basis.

Sulfur 6R
§0, Evolution 6R3
KiQ, titration 6R3a
Apparatus

LECO induction furnace model 521.
LECO automnatic sulfur titrator model 532.
LECO crucibles and lids.

Oxygen tank and regulator.

LECO starch dispenser and 0.2-mi scoop.
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Reagents
Potassium iodate (KIO3).
Potassium iodide (Ki).
Arrowroot starch.
Hydrochioric acid (HC)) 7.7N.
Hydrochloric acid (HCI) 0.18N.
Magnesium oxide, (Mg0).
Jron-chip accelerator.
Copper metal accelerator.

Procedure

into a tared crucible, weigh approximately Y2 g of
60-mesh soil, recording gross weight. Where high
sulfur content might be present, either Y or Y10 g
sample should be run. Add 2 scoops of MgO and a
scoop of iron chips. Mix thoroughly. Add a half scoop
of copper accelerator and a scoopof iron chips.
Magnesium oxide scoops are heaping; all others are
level. A cover is placed on the crucible, which is
placed on the pedestal and raised into the combustion
tube for ignition. The LECO instruction manual is
followed in setting up the furnace and titrator, The
timer is set to 8 min and grid tap switch to
midposition. These settings should be adjusted as
needed to get complete fusion of the mixture in the
crucible; however, plate current should not exceed 350
mA. When the burette reading does not change for 2
min and plate current has achieved 300 to 350 mA,
the titration is complete and the titer is recorded. A
blank is run using all ingredients except soil.

Sulfate removal before analysis may be desirable in
some instances. Sample is leached with 50 ml of 7.7N
HCI followed by 500 mi of distilled water.

Calculations

The KIO3 burette is direct reading in percent for a
1-g sample containing up to Q0.2 percent sulfur,
provided the K105 concentration is 0.444 g/L. With
1.110 g KIQ4/L, multiply burette readings by 5 (Yz-g
sample, 0.005 to 1.00-percent sulfur range).

References
Smith (1974).
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Phosphorus 65
Adsorption Coefficient 652

Apparatus

Automatic extractor, 24 place.

Syringes, 60 cc polypropylene; use one sample tube
and one extraction syringe per sample.

Reagents

Extractant.—Dissolve 4.5 g ammonium fluoride
(NH,4F) and 85.6 g ammonium chloride (NH4Cl) in
about 4 L of distilled water, add 92 ml glacial acetic
acid and 10 m) concentrated HCI, make to 8 L and
mix.

Sulfuric-molybdate-tartrate solution.—Dissolve 100 g
ammonium molybdate [(NH4)gM0,024 - 4H,0] and
2.425 g antimony potassium tartrate
[K(SbO)C4H40¢ + ¥2H,01 in 500 ml distiiled water,
heating if necessary but not to exceed 60° C. Slowly
add 1,400 m! concentrated H»80, and mix well. Cool,
dilute to 2 L with water and store in refrigerator in
polyethelene or Pyrex bottle.

Ascorbic acid solution.—Dissolve 88.0 g ascorbic
acid in distilled water, dilute to 1 L, mix, and store in
glass bottle in refrigerator.

Phosphorus stock standard, 100 ppm.—Weigh
0.4394 g dried monobasic potassium phosphate
(KH,POQ,) into a 1-L volumetric flask, dissolve, and
make to volume with extractant solution,

Phosphorus working standards, 2 to 10 ppm.—Pipette
2, 4, 6, 8, and 10-ml aliquots of phosphorus stock
standard into a series of 100-ml| volumetric flasks and
make to volume with extractant solution. The standards
contain 2, 4, 6, 8, and 10 ppm P,

Saturant stock solution.—Dissolve 4.394 g dried
monobasic potassium phosphate (KH;P0,) in distilled
water and make to 1 L.

Saturant working solution.—Pipette 20 and 80-mi
aliquots of saturant stock solution into two 1-L
volumetric flasks. The resulting solutions contain 20
and 80 ppm P,

Color solution.—Measure 40 ml ascorbic solution and
80 ml sulfuric-molybdate-tartrate solution into 2 L of
distilled water. Bring to 4 L, mix, and store in
refrigerator. ’



Apparatus
Colorimeter.
Automatic extractor.
Shaker.

Procedure
A. Saturation

Weigh three 2-g subsamples of ovendried soil into
50-ml| Erlenmeyer flasks.

To the first add 2 ml distilled water.

To the second add 2 ml 20 ppm P solution.

To the third add 2 ml 80 ppm P solution.

Let stand for 1 hr then place in oven at 60° C and
dry overnight.

B. Extraction

To each of the dried samples in the 50-ml
Erlenmeyer flasks, add 20 ml extractant reagent, and
shake for 20 min (Burrell shaker). Extract samples
using the automatic extractor.

C. Developing the color

Standard curve—Using 50-ml Erlenmeyer flasks,
pipette aliquots from the phosphorus working standards
as follows:

Flask 1—2 ml extractant

Flask 2—2 ml 2 ppm P

Flask 3—2 ml 4 ppm P

Flask 4—2 m! 6 ppm P

Flask 5—2 ml 8 ppm P

Flask 6—2 ml 10 ppm P

Samples—For each sampie extracted in part B,
pipette 2 ml of extract into clean 50-ml Erlenmeyer
flasks corresponding with sample numbers.

To all flasks, standards, and samples, add 25 m! of
color solution, swirl to mix, and let stand for 15 min to
allow color to develop. After color has developed fully,
transter to colorimeter tubes.

D. Reading the color

Using a wavelength setting of 880 um, set
colorimeter to 100 percent transmittance with No. 1
standard containing 2 ml extractant. Read percent
transmittance of remaining standards and samples.

Generally, the standard curve is around the following
values:

0 2 4 6 8 10 ppm
100 77 59 45 33 24 %t
(t = transmittance).

E. Calculations

1. Develop standard curve by the least squares

analysis using concentration of standards as a f(in%t).
This results in the equation:
concentration = m(In%t) + b

2. Use this equation to determine solution
concentrations of unknowns (leachate).

Concentration of leachate x 10 is desorbed P in
ppm of dry soil.

3. P retained of that added = P added —
(desorbed P at that conc. minus desorbed P at zero P
addition).

4. Pa (adsorption coefficient) is the slope of the
least square regression of P retained as a function of
phosphorus added, f(P added).

Example

0 2 4 6 8 10 ppm—
standard concentrations '

100 77 59 45 33 24 %ot

P added
(ppm)
84 73 45 %t

0 20 80

—

Concentration = —7.023(In%t) + 32.5158
2. Concentration =
—~7.023 (In84) + 32,5158 = 1.40

{In73) 2.38

(In45) 5.78

Desorbed P (ppm) of dry soil = 1.40 x 10
14.0
=238 x 10 =
23.8
= 578 x 10
57.8

53



3. P (ppm) retained of that added =
0-(140-1400=20
20 — (23.8 - 14.0) = 10.2
80 - (57.8 — 14.0) = 36.2

4, y = 0.4478(P added) + 0.5083
Pa= 0.4478

References
Mehlich (1978).

Boron 1
Saturation Extract 6T1
Carmine colorimetry 6T1a

Refer to USDA Handbook 60, method 17 (p. 100)
and method 73b (p. 142).

Fluoride 6U

Saturation Extract 6U1
Prepare saturation extract as directed in 8A3.

lon chromatograph 6U1a
Determine fluoride as described in 6Klc.

Silicon 6V

HF Dissolution 6v1
Obtain extract as in 7C3.
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Atomic absorption B6Via

Apparatus
Diluter.
Atomic absorption spectrophotometer.

Reagents
Standard Si solutions, 400 and 800 mg/L in HF.

Procedure

Dilute HF extracts from 7C3 and Si standards
fivefold to twentyfold with water. Compare absorbance
of samples with that of standards at 252 nm.

Calculations

Si (mg/L) x 10 x dilution

Si (pet) =
mg sample

Si0, (pct) = (pct) x 2.14

Report on ovendry basis.



MINERALOGY 71

Instrumental Analyses TA

The following instruments are used at the NSSL for
mineralogical analyses:

(1) Philips Autormated Powder Diffractometer
System (APD 3501) interfaced with a Texas
Instruments dual cassette electronic data terminal
(T1-733). Philips manual X-ray diffraction unit.

(2) Columbia Scientific Industries Differential
Thermal Analysis System Model 200, comprising
furnace platform Model P-202 and
recorder-controller cabinet Model RC-202G.

(3) Columbia Scientific Industries
Thermogravimetric Analysis Instrument Model!
1000B used with recorder-controller unit in (2).

(4) Perkin-Elmer Infrared Spectrophotometer
Model 283.

X-ray Diffraction 7A2
Clay suspensions are dried as thin films so that the
plates are parallel to one another (preferred
orientation). This results in greater X-ray diffraction
peak intensities for the diagnostic 001 spacings.
Identification and semiquantitative estimation of
nonplaty minerals such as quartz, feldspars, and
crystalline iron and aluminum oxides can be made with
randomly oriented dry powder sampies. Refer to $SIR
No. 1 (1972) for discussion of interpretation of results,

Thin film on glass, resin pretreatment Il 7A2i

Apparatus
Glass slides 27 x 46 mmor 14 x 19 mm,
Hypodermic syringes (plastic, 10 cc).
80-mesh screen.
International No. 2 centrifuge with a No. 240 head.
100-ml centrifuge tubes (plastic).

Reagents
Potassium chloride (KCI), 1N.
Magnesium chloride (MgCl,), 1N.
Glycerol-water mixture (1:8 glycerol-water).

Cation exchange resin, Rexyn 101 (H)®

Procedure

Preparation of Mg and K resin syringes.—Place a small
circle of 80-mesh screen in syringe and add 3 cc of
exchange resin. Saturate with Mg or K by drawing 2 ml
of the appropriate 1N salt solution (MgCI, or KCI) into
the syringe. After equilibration, expel the salt solution.
Repeat twice. Finally, wash three times with 5 to 8 ml
of distilled water to remove excess salt solution by
drawing water into the syringe, rinsing it around, and
expelling the solution.

Preparation of sample slides.—Place a teaspoon of
<2-mm air-dry soil into a 100-ml centrifuge tube, add
5 ml of sodium metaphosphate solution and bring to a
total volume of 50 ml with distilled water. Shake
overnight. Centrifuge for 3.0 min at 750 rpm for a
10-cm suspension depth and decant to separate the
clay, which is Na saturated. Draw 1 cc of clay
suspension into the resin-loaded syringe. Expe!
approximately 0.2 cc clay suspension, containing about
13 mg clay in a 20- x 27-mm band across the middle
of the 47- x 27-mm slide, or expel approximately
0.1 cc of clay suspension containing approximately 6
mg clay onto and covering a 14- X 19-mm slide. Prior
to the deposition of the clay suspension, one [a single]
small drop of glyceroi-water mixture is placed on the
slide to solvate the sample. Prepare four slides for
X-ray diffraction: 1) Mg* *—room temperature, 2)
Mg**—solvated, 3) K*—heated 2 hr at 300° C, and 4)
K+*—heated 2 hr at 500° C.

Draw distilled water into the syringe and expel three
times to remove all of the clay suspension.

After the tenth sample, the resin should be
recharged with the appropriate ion as described in
“preparation of Mg and K resin syringes.”

Use the Na-saturated clay for DTA (7A3), IR (7A5),
or HF (7C3) analyses.

Thin film on glass, NaP0, pretreatment II TA2j

Apparatus
Hypodermic syringe (1.0 cc).
Glass slides 24 x 46 mmor 14 x 19 mm.
International No. 2 centrifuge with a No. 240 head.
100-mi centrifuge tubes (plastic).

8 Fisher Scientific Company, FPittsburgh, FPA 152189,
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Reagents
Glycerol-water mixture (1:8 glycerol-water).
Sodium hexametaphosphate solutions.

Procedure

Shake approximately 5 g ovendried soil (<2 mm)
avernight with 5 ml sodium hexametaphosphate
solution (3A1) and 35 ml of water in a 100-mi
centrifuge tube, centrifuge at 750 rpm for 3 min for a
10-cm suspension depth, and decant clays. Draw about
0.5 cc of clay suspension into the syringe. Expel
approximately 0.2 cc of the clay suspension onto an
area approximately 20 x 27 mm in a band across the
middle of a 46- x 27-mm slide or expel approximately
0.1 cc of clay suspension, containing approximately
6 mg of clay, onto and covering the 14- x 19-mm
slide. Prior to the deposition of the clay suspension,
one small drop of glycerol-water mixture is placed on
the slide which is to be solvated. Prepare four slides for
X-ray diffraction: 1) Na'-—room temperature, 2)
Na’—solvated, 3) Na*—heated 2 hr at 300° C, and 4)
Na*—heated for 2 hr at 500° C.

Powder mounts 7A2k
Two procedures are used for random orientation of
mineral separates. In the first procedure, double-stick
tape is affixed to a glass slide, a surpius of the sample

is sprinkled onto the tape, the excess material is
removed, and the slide is scanned by X-ray analysis. In
the second procedure, a <2-mm soil sample is ground
finer than 100 mesh prior to slide preparation. A thin
film of Vaseline is applied to a glass slide, the
100-mesh sample is added, the excess removed, and
the slide is scanned by X-ray analysis.

For quick check of a <2-mm sample, particularly for
nonlayered minerals, a small portion is ground to less
than 100 mesh and placed on a glass slide. Water is
applied a little at a time until a thick slurry is formed.
The slurry is allowed to dry and the slide is scanned by
X-ray analysis. This method is also applicable for
specific mineral separates, very fine sands or silts.

References
Brown {1961), Jackson (1956).

Differential Thermal Analysis 7A3
Differential thermal analysis (DTA) is a measurement
of the difference in heat absorbed by or evoived from a
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sample of soil material and a thermally inert material
as the two are heated simultaneously at a constant
rate. Thermocouples are in contact with two platinum
pans; one pan contains an unknown and the other pan
contains an inert material of similar composition. If a
reaction occurs, a difference in temperature is
registered on a stripchart recorder or photographically.
The magnitude of the difference depends on the nature
of the reaction and amount of reacting substance in the
unknown. The temperature at which the reaction occurs
identifies the substance if enough is known about the
sample to predict the possibilities.

Apparatus
Columbia scientific instrument (CSI) system 200.
Mortar and pestle.
Analytical balance.
Desiccator.

Reagents
Reference sample—calcined kaolinite, 2 to 20 .
Ethyl alcohol, 95 percent.
Magnesium nitrate (Mg(NO3), - 6H,0.

Procedure

The decanted clay from 7A2i or 7A2j is air-dried,
ground in alcohol to approximately 100 mesh, and
stored in a desiccator with Mg(NQs), - 6H,0. A 3- to
7-mg sample is placed on a small platinum pan in the
sample holder. The temperature of the kaolinite
reference sample and clay sample is increased at a rate
of 20° C per minute to a maximum of 900° C. The
sample can be heated in air or nitrogen.

The common endothermic reactions studied or
recorded are loss of structural water in gibbsite,
goethite, and kaolin and loss of carbon dioxide in
carbonates. Change of state or rearrangement of crystal
lattices can be either exothermic or endothermic.
Oxidation reactions such as burning of carbon and
oxidation of ferrous iron are exothermic.

Loss of structural hydroxyls can be measured
quantitatively by calibrating areas of peaks of known
mixtures of standard minerals, as is done commonly to
determine the percentage of kaolin and gibbsite in
soils. The standard curves are prepared by running the
known mixtures under the same conditions as the
unknowns. Kaolin has an endotherm at 500° to 600° C
and gibbsite, at 310° C. Each worker should prepare a
set of standard curves.



Endotherms at about 120° C indicate
surface-adsorbed water. Montmorillonite produces a
double peak at a low temperature if saturated with a
divalent cation. The proportion of this mineral can be
estimated if samples are kept in an atmosphere with a
high (70 to 80 percent) relative humidity for 24 hr or
more before analysis. Allophane has a broad endotherm
at about 160° C.

Samples can be any well-powdered material—whole
soil or separated fractions. Organic matter is
objectionable because it produces irregular exothermic
reactions that obscure the important peaks. If a clay
separate is used, it must be washed free of hygroscopic
salts or salts containing water of crystallization.

References
Grim (1968), McKenzie (1957), and Tan and Hajek
in Dixon and Weed (1977).

Thermal Gravimetric Analysis 7A4

Thermal gravimetric analysis is the detection and
measurement of weight changes in a sample of soil
material as the sample is being heated or cooled over a
specific temperature range.

Apparatus

CS! Stone Model 1000B used in conjunction with an
RC-202 recorder-controller, Furnace is water cooled,
with a rapid cooling Kanthal element. Furnace is
capable of operation at temperatures of up to
1,200° C.

Procedure

Prepare sample as described in 7A3 and place in
balance pan suspended above thermocouple assembly.
Heat sample at rate of 20° C/min to desired
temperature. If a weight loss occurs, it is registered on
a stripchart recorder. The magnitude of the weight loss
depends on the reaction and the amount of reacting
substance in the unknown. The temperature at which
the reaction occurs usually identifies the substance.

Infrared Analyses TAS

Soil or clay samples (7A2j) are incorporated into a
potassium bromide (KBr) pellet for infrared analyses.
Sample concentration in the pellet ranges from 0.1 to
1 percent.

Reagents
Potassium bromide, spectroscopic grade.

Apparatus
Infrared spectrometer—Perkin Elmer Model 283.
Pellet die.
Hydraulic press.
Analytical balance,

Procedure

Mix 0.30 g KBr and 1 mg of sample in mortar and
pestle. Transfer the mixture to the pellet die, and place
die in hydraulic press. Apply 8 tons of pressure for
1 min. Place pellet in instrument holder and scan for
12 min. Peaks produced on chart recorder are used to
identify the substance.

References
J. L. White in Dixon and Weed (1977).

Optical Analyses 78

Grain Studies 7B1

Sample selection and mounting

For most work, such as checking discontinuities or
estimating degree of weathering in different horizons, it
is important to study the fractions that make up an
appreciable quantitative part of the soil. One or two of
the dominant fractions can be chosen after particie-size
analysis. Because the subsample on a slide is small,
the sample must be mixed well by stirring with a small,
flat-bladed implement. Steel needles or spatulas should
not be used because they attract any magnetic
minerals in the sample. Permanent grain mounts are
made in Petropoxy 154 (index of refraction of 1.540 to
1.545) or Canada balsam (index of refraction of
1.535). Temporary grain mounts are made in Cargille
index oils. The index of refraction is chosen to facilitate
mineral identification.

Separation by heavy liquids

To study the less abundant minerals with a specific
gravity of more than 2.8 or 2.9, concentrate them by
specific-gravity separations in a heavy liquid such as
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acetyiene tetrabromide or bromoform. These liquids
can be diluted with nitrobenzene, toluene, or other
appropriate organic solvents to make separations in
other density ranges, or to concentrate minerals such
as mica or calcic plagioclase. A liquid with specific
gravity of about 2.5 is useful to concentrate volcanic
glass, plant opal, or sponge spicules. Specific gravity
alone is usuaily adequate to separate grains larger than
0.10 mm in separatory funnels or various kinds of
tubes. Separation of smaller grains requires
centrifuging. A pointed, 15-ml centrifuge tube is
generally satisfactory. A glass rod with a smooth bulb
on the end can be used to close the end of the tube
and the light minerals are poured off. Alternatively, the
contents of the lower part of the tube can be frozen to
keep the heavy minerals in place.

Micas are difficult to separate because of their shape
and because a little weathering, especially in biotite,
decreases their specific gravity measurably. It is
possible to use the differences in density to
concentrate weathered biotite in various stages of
alteration.

To be effectively separated by heavy liquids, the
grains must be clean, Organic matter may prevent
wetting and cause grains to clump or raft together.
Light coatings may cause heavy grains to float, and
iron-oxide coatings may increase specific gravity. In
some kinds of material, it is best to separate and weigh
the magnetic fraction, either before or after the
heavy-liquid separation. Wrapping a thin sheet of
flexible plastic around the magnet helps make this
separation quantitative.

Analysis and interpretation

First survey the slide under a low-power objective to
become familiar with the grain assemblage and to
make a rough estimate of the reiative abundance of
minerals and other grains. Identify the most abundant
minerals first; they probably are the easiest to identify,
and their elimination decreases the number of
possibilities to consider when trying to identify the
difficult ones. A preliminary survey also gives clues to
the minor species that can be expected. One ultimately
learns to identify minerals by combining familiarity
with a few striking features and the process of
elimination. The identification procedures used are
described in standard references on sedimentary
petrography,

For many purposes, listing the minerals is enough. It
is easy to accompany such a list with an estimate of
their relative abundance. To get volume percentages,
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minerals can be counted on arbitrarily or regularly
spaced traverses. If the grains are large or sparsely
distributed, all grains should be counted. If there are
many small grains, all grains passed by a quadrant or
all grains touched by a cross-hair intersect should be
counted. If there are only a few species, counting 100
to 300 grains gives a good idea of the composition, As
the number of species increases, the count should
increase. 1t is seldom necessary to count mare than
1,000 grains, and in most work 500 to 600 is enough.

It is often important to record the morphology and
condition of the different grains in the sand and silt
fractions. Wear during transport shows as rounding,
especially in chemically resistant minerals that do not
have good cleavage, such as quartz, Rounding can be
observed nicely in crossed polarized light, A grain can
have a round outline and still be a flat plate. If it is
truly round, the interference colors rise smoothly,
without steps or interruption, from low order at the
periphery to high order in the thickest part.

Manifestations of weathering range from slight
bleaching of color or slight lowering of the refractive
index to replacement of one mineral by another or
complete removal of a species. Weathering in single
grains is observed best in at least two mounting media.
A medium whose refractive index closely matches that
of a grain enables one to see the interior of the grain
well and shows up contrasting coatings. A medium
whose refractive index is a few hundredths of a unit
away from that of the grain shows the condition of the
grain surfaces.

Minerals modified by weathering, secondary
minerals, aggregate grains, and other grains not
identifiable as specific minerals are common in many
soils and may help to determine the important
characteristics of those soils. These minerals and
grains should be described accurately even if they
cannot be identified. The following paragraphs
illustrate some kinds of aggregates that may be present
in sand and silt fractions. The aggregates are in several
categories of significance. Some are nuisances but
must be accounted for, and others have very real and
important diagnostic value.

Rock fragments include chips of shale, slate, schist,
and fine-grained igneous rocks such as rhyolite. Their
identification depends on the recognition of structure
and individual components.

Clay aggregates may be present in many forms. Siit
and sand bound together into larger grains by a nearly
isotropic brownish material usually indicate faulty
dispersion. Clay skins may resist dispersion and appear
as fragments in grain mounts. Such fragments are



usually brown or red and translucent and show wavy
extinction bands; they have been mistaken for
weathered biotite. Clay aggregates may be mineral
pseudomorphs; e.g., kaolin is a pseudomorph of
feldspar and montmorillonite aggregates are
pseudomorphs of basic rock minerals. Montmorillonite
in this form shows high birefringence and its extinction
is mottled or patchy on a small scale. Coarse kaolinite
flakes, books, and vermicular aggregates resist
dispersion and may be abundant in sand and silt. Such
materials may resemble muscovite, which is cloudy,
shows no definite extinction, and has very low
birefringence,

Allophane occurs in many soils that formed from
volcanic ash. It seldom can be identified directly, but it
can be inferred if sand and silt are cemented into
aggregates by isotropic material that has a low
refractive index, and especially if volcanic glass shards
are present.

Opal is another isotropic material. It occurs in
separate grains, as a cementing material, and in
organic forms (plant opal, sponge spicules, diatoms).
Its refractive index is very low (<1.45), lower than that
of volcanic ash. Identification may depend in part on
its form and occurrence.

Iron oxides may occur separately or as cementing
agents and in mixtures with other minerals. They
impart brown and red colors and raise the refractive
index of the mixtures. Goethite is yellow to bright red.
The refractive index and birefringence are higher in the
red varieties, which seem to be more crystallized.
Goethite often has a prismatic or fibrous habit, and
aggregates have parallel extinction. In the more or less
oriented aggregates, the interference colors often have
a greenish cast. Hematite has a higher refractive index
than goethite and is granular rather than prismatic.
Large grains are nearly opaque.

Gibbsite often occurs as separate, pure crystal
aggregates either alone or inside altered mineral grains.
The grains may seem to be well-crystallized single
crystais, but close inspection in crossed polarized tight
shows patchy, banded extinction, indicating intergrown
aggregates. Gibbsite is colorless and its refractive index
and birefringence are higher than those of quartz. Its
bright interference colors and aggregate extinction are
characteristic.

Chert occurs as aggregate grains with patchy
extinction. Its refractive index is slightly lower than that
of quartz, and its birefringence is lower than that of
gibbsite. In some soils it occurs as pseudomorphic
forms of fossils and in others as grains that have the
exterior form of quartz crystals.

Glauconite occurs in the form of an aggregate of
small micaceous grains that have high birefringence. If
fresh, it is dark green and almost opaque, but it
weathers to a brown and more translucent form. It is
difficult to identify glauconite by optical evidence
alone.

Titanium oxide aggregates have been tentatively
identified in the heavy mineral separates of many soils.
They have high refractive indices and birefringence,
and their yellow to gray colors are similar to those of
anatase. They are granular and rough surfaced, which
suggests that they are secondary.

References
Cady (1965), Fry (1933), Krumbein and Pettijohn
(1938), and Milner (1962).

Grain mounts, epoxy 7Bl1a

Reagents
Petropoxy 154 resin.
Petropoxy curing agent.

Procedures

Heat hot plate to 125° C. Mix small amount of
Petropoxy 154 resin and curing agent (ratio of 10:1) in
plastic beaker provided with the reagents. Heat for
4 min at 125° C. Cool mixture to room temperature,
Add resin mixture to glass slide, add specimen grains,
stir to mix uniformly, put cover glass in place, and heat
for 10 min at 125° C (yields index of refraction of
about 1.545; longer heating results in index of
refraction of 1,540). Press cover glass very gently to
seat during the heating process. Remove from hot plate
and cool, Store mixture in the refrigerator to extend
shelf life.

Grain mounts, Canada balsam 7B1b

For Canada balsam, heat slide plus baisam for

15 min at 125° C. Add mineral grains, stir, heat for an
additional 5 min, place cover glass in position and
press firmly, remove slide from hot plate, and cool.

The refractive index of Canadian balsam is close to
that of quartz, which helps to distinguish quartz from
other colorless minerals, particularly the feldspars.
Other available commercial media cover the refractive
index range of 1,53 to 1.55. Piperine with a refractive
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index of 1.68, which is close to that of many of the
common heavy minerals, is best for mounting them.

Total Analysis 7C
HF Dissolution 7C3
Apparatus

Digestion vessel (Parr No. 4745 general purpose)
consisting of stainless steel retainer with 25-ml Teflon
cup and cover,

B-ml pipette.

2-ml pipette.

100-ml nalgene volumetric.

25- or 50-ml polyethylene container with cover,

Teflon stirring rod.

Reagents
Hydrofluoric acid (48 percent HF).
Boric acid.

Procedure

Prepare Na-saturated clay as in 7A2i. Pipet 2 ml of
clay suspension into a 25-m| Teflon cup and add 5 ml
of HF. Pipet a duplicate sample into a weighing disk,
dry at 110° C, and weigh. Use this sample weight for
calculations. Soil material ground to approximately 100
mesh can be substituted for the clay suspension. Use
100 mg of sample. Place covered Teflon cup in
stainless steel retainer. Tighten and place in oven at
110° C for about 4 hr. Remove from oven and let stand
until cool to touch. Remove Teflon cup from steel
retainer vessel, add 2 to 3 g boric acid and stir with
Teflon stirring rod to dissolve the boric acid. This
hastens the slightly exothermic reaction. Rinse
contents of Teflon cup into a nalgene 100-ml
volumetric and adjust to volume.

References
Berdanier, Lynn, and Threlkeld (1978).
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Surface Area 7D
Ethylene Glycol Monoethyl Ether (EGME) Retention 702

Apparatus
Analytical balance.
Vacuum desiccator.
Laboratory suction {0.65 to 0.75 bar).
EGME trap (anhydrous CaCl, in drying tube).
Syringe, plastic, 1 cc.

Reagents
Ethylene glycol monoethyi ether (EGME).
Phosphorus pentoxide (P,0s).
Calcium chloride (CaCl,).

Procedure

Dry 3 to b g of <<2-mm air-dried soil in a weighing
dish for 2 days over P,05 in a vacuum desiccator.
Weigh the P,0s-dried sample. Saturate the soil with
EGME using a 1-cc syringe and add 5 drops in excess.
Place the soil-EGME mixture over anhydrous CaCl, (4
to 8 mesh) in a vacuum desiccator. Connect the
desiccator to laboratory suction. After 16 to 24 hr of
continuous suction, weigh the soil-EGME mixture. If
the difference between the two weighings is >10 mg of
EGME per gram of P,0s-dried soil, continue the
desorption of EGME with continuous suction and daily
weighings. When the difference between the two
weighings is <10 mg of EGME per gram of P50s-dried
soil, reduce the time of desorption with laboratory
suction to 1 hr/day, and then weigh the soil-EGME
mixture after 16 to 24 hr. Repeat this procedure for
desorption of EGME and daily weighings until constant
weight is attained. Constant weight is indicated when
three successive daily weighings are within 1 mg of
EGME per gram of P,0s-dried soil. Equilibration
generally requires 10 to 20 days.

Calculations
Retention of EGME, (mg/g) =
[Soil wt (g)EGME — Soil wt (g)peos] x 1,000

Soil wt (g)|:r205




Calculated surface area (m?/g) =

Retention of EGME (mg/g)
0.286

References
Heilman, Carter, and Gonzalez (1965).

MISCELLANEOUS 8

Saturated Paste, Mixed 8A

Apparatus
Sixteen-ounce container with lid, such as a cottage
cheese carton.

Procedure

Prepare saturated soil paste by adding water to a
sample of soil and stirring with a spatula. From time to
time tap the container on a workbench to consolidate
the soil-water mixture. At saturation the soil paste
glistens as it reflects light, flows slightly when the
container is tipped, and slides freely and cleanly off
the spatula except for soils containing much clay. Allow
the sample to stand overnight, and then recheck the
preceding criteria for saturation. Free water should not
collect on the soil surface nor should the paste stiffen
markedly or lose its glistening appearance on standing.
If this occurs, remix with more water.

Soils puddle most readily when worked at a moisture
content near field capacity. Since minimum puddling is
desired, add enough water initially to bring the sample
nearly to saturation. If the paste is too wet, add maore
dry soil.

Size of the soil sample depends on the number of
determinations to be made, i.e., on the volume of
extract desired. A 250-g sampie is convenient to
handle and provides enough extract for most purposes.
Mixing is generally easier if the soit is first air-dried and
passed through a 2-mm sieve.

Special precautions must be taken for peat and
muck soils and very fine-textured soils. Dry peat and
muck soils, especially if coarse textured or woody,
require overnight wetting to get a definitive end point
for the saturated paste. After the first wetting, pastes of
these soils usually stiffen and lose their glisten on
standing. Adding water and remixing usually gives a
mixture that retains the characteristics of a saturated
paste. To minimize puddling and thus obtain a more
definite end point for fine-textured soils, add water with
a minimum of stirring, especially in the early stages.

Ovendry a subsample overnight at 105° C to
determine moisture at saturation.

References
Richards (1954).
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Saturation Extract, Automatic Extractor 8A3

Apparatus
Automatic extractor,
Filter funnels.
60-cc syringes.
Fine pore membrane filters, disposable.
Extract containers, 1-o0z, disposable.

Procedure

Transfer the saturated soil paste to plastic filter
funnel fitted with 9-cm filter paper. Place funnel on
extractor. Attach syringe and extract at setting of about
20 to 25. Remove syringe from extractor, attach
disposable filter unit to tip of syringe and filter extract
into 1-0z container. Refer to methods 6l1b, 6J1b,
6Klc, 6L1c, 6M1lc, 6N1b, 601b, 6P1b, 6Qlb, 6Vla
for chemical analyses usually performed on the
saturation extract,

References
Holmgren, Juve, and Geschwender (1977).

Conductivity, digital bridge 8A3a

Apparatus.
Markson conductivity-analyzer, digital readout with
temperature-compensating conductivity cell.

Reagents

KCI solution, 0.1N. Dissolve 0.7456 g dry KCI in
water and make to 1 L at 25° C. This solution has an
electrical conductivity at 25° C of 1,412 wmhos/cm.

Procedure

Calibrate conductivity analyzer with standard KCI
solution. Read conductivity of unknown solutions
directly in micromhos. No temperature compensation is
necessary.
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Reaction (pH) 8C

Soil Suspensions 8C1
Saturated paste 8C1b
Apparatus

pH meter.
Procedure

Immerse electrodes in the saturated paste prepared
by method 8A,

NaF 8Cid

Apparatus
pH meter.
Stopwatch or watch with sweep second hand.

Reagents

Sodium fluoride (NaF) 1N (saturated). Add 1,000 ml
water to 50 g NaF in a 1-L plastic bottle. Let stand for
2 days but shake occasionally. On the third day, after
excess NaF has settled, measure 50 mi of the solution
into a beaker. The pH should be between 7.2 and 8.1.
Add 3 to 5 drops 0.25-percent phenolphthalein and
titrate with 0.01N NaOH to a pink end point (pH 8.2
to 8.3). If the solution has a pH of more than 8.2 or if
the titratable acidity exceeds 0.25 meq/L, try another
source of NaF.

Procedure

Place 1 g air-dry soil in a 100-m| beaker. Add 50 ml
1N NaF. Record the time. Stir the suspension for
1 min. Place the glass and reference electrodes in the
upper third of the suspension. Stir for 1 min and read
the pH exactly 2 min after adding the NaF solution.

References
Fields and Parrott (1966).



Waler dilution and CaCl,, automated system 8C1f

Apparatus

Brinkman automatic pH unit with sample changer
and Radio Shack Model IV microcomputer.

Paper cold drink cups, 4 oz.

Disposabie coffee stirrers.

Titrator beakers, plastic, 250 ml.

20-L bottles.

Reagents
Calcium chioride (CaCl;), 0.02M.
pH buffers (pH 4.1, 7.0).

Procedure

Weigh 20 g soil into 4-0z papersups. Add 20 mi
distilled water, stir, place cup with sample in 250-ml
plastic beakers, and let stand 1 hr, stirring
occasionally. Load beakers into 4-place sample
magazines and arrange on sample changer table.
Calibrate pH meter with fresh buffer solutions,
following procedure in instruction manual,

Enter total number of samples to be run and the
sample numbers through the keyboard of the computer.
Start pH unit and collect measured values on a floppy
disk and printer. Sample stirring, the waiting interval
for readings, addition of CaCl, solution, and rinsing are
controlled by the computer, The 0.02M CaCl, is
dispensed from a 20-L bottle as is the distilled water
for rinsing the electrode and stirrer. By adding an equal
volume of 0.02M CaCl, to the soil suspension prepared
for the water pH, the soil-solution ratio will be 1:2 at
0.01M CaCl,. Before starting each run, ensure that
both reservoirs have sufficient solutions to complete
the run.

KCl, automated system BCig

Procedure

Proceed as in 8C1f, exgept use normal KCl instead
of water and program pH unit to omit addition of
second solution.

Organic Materials 8C2

CaCIz 8C2a

Procedure

Place 2.5 cc of the sample prepared by method 8G1
in a 30-ml plastic container and add 4 m! of 0.015M
CaCl, (gives final concentration of approximately
0.01M CaCl, with most packed moist organic
materials). Mix, cover, and allow to equilibrate at least
1 hr. Uncover, immerse electrodes, and measure pH.

References
Soil Survey Staff (1975).

Ratios and Estimates 8D

To Total Clay 8D1

Divide cation-exchange capacity (CEC-7), extractable
iron, 15-bar water retention, or other measurements by
the total clay percentage. In the past, these ratios have
been reported as milliequivalents per gram of clay
(CEC) or grams per gram of ciay (iron, water).

To Nencarhonate Clay 8D2

Divide cation-exchange capacity (CEC-7), extractable
iron, or 15-bar water retention by the noncarbonate
clay percentage determined by subtracting the
carbonate clay from total clay.

Ca to Mg (Extractable) 803
Divide extractable calcium (method 6N2) by
extractable magnesium (method 602),

Estimated Clay Percentage ap4

For most soils, clay percentage can be approximated
as 2.5 times the 15-bar water percentage. Use caution
in applying this factor to any particular situation,
especially where organic matter or amorphous material
is present in significant quantities.
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Estimated Total Salt 8D5

Estimate total salt from the conductivity of the
saturation extract by using charts and graphs available
in Richards (1954). The essential relations are
summarized in the following equations:

log total salt in soil (ppm) = 0.81 + 1.08
log EC(mmbhos/cm) (method 8A3a) + log saturation
percentage (method 8A)

total salt in soil (pct) = total salt (ppm) x 10

The equations work well for saturation extracts with
conductivity less than 20 mmhos/cm, deviations occur
at higher salt concentrations.

References
Richards (1954).

Iron Plus Aluminum—Pyrophosphate Extractable to
Dithionite-Citrate Extractable (Spodic Horizons) 8D6

Divide the sum of the pyrophosphate-extractable iron
plus aluminum by the sum of dithionite-citrate-
extractable iron plus aluminum. A resulting ratio of 0.5
or greater is needed to meet one of the chemical
criteria for spodic placement,

References
Soil Survey Staff (1975).

Index of Accumulation (Spodic Horizons) 807

Subtract one-half the clay percentage of a subhorizon
from the CEC at pH 8.2 (5A3a) and multiply the
remainder by the thickness of the subhorizon in
centimeters. If the accumulated sum of resulting
values for all subhorizons is 65 or more, amorphous
material is indicated.

References
Soil Survey Staff (1975).

Soil Resistivity 8E

Saturated Paste 8E1
Prepare saturated paste as described in 8A.
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Apparatus
Wheatstone bridge.

Electrode cup.

Procedure

Fill cup with soil paste, jar to remove air bubbles,
and strike off excess paste so that cup is level full,
Connect to bridge, record resistance (ochms), and
measure temperature of paste (°C).

Calculations
Convert measured resistance in ohms to resistivity
(ohms-cm) at 60° F as follows:
- 1,000
Coef

Resistivity (ohms-cm) = xR xF
where
Temp = Temp °F = (Temp °C x 1.8) + 32
Coef = 5,137.82 — (215.73 x Temp) +
[4.6089 x (Temp)l] —
[0.046583 x (Temp)] + (0.000177 x
(Temp)’]
Coef 60° F = 1,018.052
R = resistance in ohms

F = cell factor ;
cell constant

\ /

)

References
Romanoff (1957).

Mineral Content 8F
Loss on Ignition (400° C) 8F1
Apparatus

Aluminum moisture cans.
Oven (110° C).

Muffie furnace, 400° C.
Balance, 0.01 g.

Procedure
Dry sample at 110° C overnight in moisture can. Cool
and weigh. Place in a cold muffle furnace and raise



temperature to 400° C. Heat overnight (16 hr), cool,
and weigh.

Calculations
Mineral content (pct.) =

wt of residue after ashing

wt of ovendry soil x 100
Fiber Volume 86
Water Dispersed 861

Apparatus
Half-syringe—a 6-ml plastic syringe cut
longitudinally to form a haif cylinder measuring device.
100-mesh sieve, 3-in diameter.
Eggbeater.
Microscope.
Electric mixer, Hamilton Beach No. 35.

Procedure

Sample preparation.—If the soil is dry, add water and
fet stand to saturate. Place 50 to 60 cc of a
representative sample on a paper towel in a linear
mound. Roll the towel around the sample and express
water if necessary. Use additional paper towels as
external blotters. Remove the sample and place on a
fresh paper towel. The sample should be firm but
saturated with water. Cut with scissors into segments
0.5 to 1 cm long. Use a random selection of segments
for determination of fiber, solubility in pyrophosphate,
and pH.

Unrubbed fiber.—Procedure involves a series of three
steps designed to remave sapric® material by
increasingly vigorous treatments, The percehtage of
sapric material remaining is estimated visually under a
microscope or hand lens following each step. Estimate
sapric component that remains within the following
categories:

1. Clean (<1 percent sapric).
2. Nearly clean (1 to 10 percent sapric).

¢ Sapric materials are the most
decomposed class of organic materials
defined in Soil Taxonomy. Sapric material
passes through a 100-mesh sieve (0.15-mm
openings), Fibers are retained on the sieve.

3. Some sapric (10 to 30 percent sapric).
4. Sapric (>>30 percent sapric).

Step 1. Pack a half-syringe adjustéd to 5-cc
capacity (2.5-cc volume) level with the moist sample.
Transfer all the soil material to a 100-mesh sieve and
wash under a stream of cold tap water, adjusted to
deliver 200 to 300 ml in 5 s, until the water passing
through the sieve appears clean. Examine the sample
under a microscope or hand lens to determine if it is
free of sapric material. If the sample contains more
than 10 percent sapric, go to step 2. If not, wash the
residue to one side of the screen and blot from
underneath with absorbent tissue to withdraw water,
Repack the residue into a half-syringe and blot again
with absorbent tissue. The moisture content should
approximate that of the orginial sample. Measure the
volume by inserting the plunger until the material fills
the remaining half-syringe barre!, and record it as a
percentage of the initial 2.5-cc volume. Proceed with
the rubbed fiber determination.

Step 2. Transfer the residue obtained in step 1 to
a 500-ml plastic container and fill about half full with
water. Stir vigorously with an eggbeater for 1 min.
Transfer to the 100-mesh sieve and repeat procedures
in step 1. If sapric material remains, go to step 3.

Step 3. Transfer residue left from step 2 to an
electric mixer container (malt mixer or blender) and fill
about two-thirds full with water. Mix for 1 min.
Transfer to a 100-mesh sieve and repeat step-1
washing procedure. Examine the residue under a
microscope or hand lens and determine the percentage
of sapric material, if any. Blot the sample and measure
the residue volume. Proceed with the rubbed fiber
determination,

Rubbed fiber.—Transfer the residue from the
unrubbed fiber treatment to the 100-mesh sieve. Rub
sample between thumb and fingers under a stream of
cold tap water, adjusted to deliver 150 to 200 ml in
5 s, untii water passing through the sieve is clean.
Clean rubbed fibers will roll between the thumb and
fingers rather than slide or smear. Blot sample and
measure volume in half-syringe.

Calculations
Fiber volume (pct.) = reading on half-syringe (cc) x
20.
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Pyrophosphate Color 8H

Apparatus

Poly-Con container, 30-mi.

Chromatographic paper, Schleicher and Schuell No.
470 A-3.

Munsell Color Book, 10YR and 7.5YR pages
required.

Reagents
Sodium pyrophosphate (Na4P20,-10H50), ground to
2 mm.

Procedure

Dissolve 1 g (heaping ¥s tsp) pyrophosphate in 4 ml
water in a 30-m! poly-con. Allow to equilibrate for 5
min. Prepare soil material and pack in half-syringe as
described in 8G1. Transfer soil material cleanly into
the container that holds the pyrophosphate solution.
Mix thoroughly using a wooden coffee stirrer. Cover and
let stand overnight.

Mix again next morning. Insert strip of
chromatographic paper vertically about 1 cm with
tweezers, Let stand until the paper test strip has
wetted 2 cm above the slurry surface (about 5 min but
may stand longer if cover is closed). Remove the paper
test strip with tweezers and tear off and discard the
portion to which soil adheres. Place the strip on a
piece of blotting paper and press gently with tweezers
to make even contact.

Remove paper strip with tweezers and compare color
on side next to blotting paper with Munsell color
charts.

References
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Salt Prediction 8l

Apparatus
Digital conductivity bridge.
1-ml syringe.

66

Diluter.

Reagents
Potassium chioride (KCI), 0.0100N.

Procedure

Weigh 3 g of <2-mm soil into a 10- to 30-ml volume
container with a lid. Add 6 m! of distilled water, mix,
cap, and allow to equilibrate overnight. The KCI
solution is used to standardize the analyzer to give a
reading of 1,412 umhos. Conductance of the
supernatent solution is read directly. Samples with a
conductance of <250 pmhos are considered as
nonsalty and no further salt analyses are made.
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