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CERALD W. OLSON!

Criteria for Making and Interpreting
A Soil Profile Description

A Compilation of the Official USDA Procedure

and Nomenclature for Describing Soils

PURPOSE

Soil profile descriptions often need to be inter-
preted and used by people with no extensive experi-
ence in working with the soil survey. Thus, public
health officials investigating septic tank seepage fields,
planners of developing urban arcas, extension service
workers, highway and construction engineers, students
beginning training in soils, and many others need to
be able to understand the different soils they encoun-
ter in their work (Olson, 1974). This publication
provides these people with a single reference for the
mechanics of making and interpreting a soil profile
description.

ACKNOWLEDGMENTS

This work was compiled from sources describing
official procedures of the Soil Conservation Service
(SCS) of the U.S. Department of Agriculture (USDA),
including the Seventh Approximation and Soil Tax-
onomy (Soil Survey Staff, 1960, 1970, 1973), the Soil
Survey Manual (Soil Survey Staff, 1951) and Supple-
ment (Soil Survey Staff, 1962), from notes and out-
lines of Dr. M. G. Cline (Cline, 1964), and from many
other sources. In most cases parts of this text were
taken directly from the cited references. In some cases
minor changes in organization and grammar were
made, with no change in content of the subject matter.

' Present address:  Department of Agronomy, New York
College of Agriculture and Life Sciences, Cornell University,
Ithaca, New York.
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INTRODUCTION

Soils vary. The differences may range from very
striking texture variations to more subtle minor vari-
ations of color. Soil differences dictate that the soils
must be managed differently and will behave differ-
ently when used for agriculture, forestry, sewage dis-
posal, foundations, pavements, and other things.

The basis for classification and understanding soils
is the soil profile description made in the field, where
soils occur. A soil profile is a vertical cut exposing the
various parts of the soil. Laboratory investigations
only supplement understanding of soil profile descrip-
tions made in the field. As soil mapping is based on
landscape occurrence of the same or similar soil pro-
files, it is important to realize that a soil profile de-
scription represents an actual area of soil (pedon or
segment of the landscape), although a soil profile de-
scription is normally made in a single vertical cut, pit,
or trench.

Many different methods are used for describing
and  stndving  soils  (Clarke, 1957; Smyth, 1965;
Nikol'skii, 1939: Low, 1954; Taylor and Pohlen, 1962;
Brewer and Sleeman, 1963). The method most widely
used and accepted is that developed during the map-
ping of soils since 1899 by the U.S. Department of
Agriculture (Soil Survey Staff, 1951, 1960. 1962). This
is the method presented in this publication. This
standard method allows comparison and classification
of different soils, even though the descriptions might
have been made by different people at different times
in different geographic areas.
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PROCEDURE FOR MAKING AND
INTERPRETING A SOIL PROFILE
DESCRIPTION

The procedure for making and interpreting a soil
profile description consists simply of comparing vari-
ous properties of parts of an individual soil profile
with descriptive standards that have been established
for these various properties for all soil profiles. Ob-
viously some people will have greater skill in mak-
ing and interpreting descriptions than others, partic-
ularly due to the amount of experience in working
with a wide range of different soils. Careful selection
of standards for description, however, enables anyone
with a willingness to learn to compare properties of
soils with the clearly defined standards, and thus make

Kansas Geol. Surcey Bull. 212, 1976

and interpret a soil profile description.

A soil profile description can conveniently be made
by following the official SCS form (Soil Survey Staff,
1951) for that purpose. This form consists of two
parts:

1. A description of the environment in which
the soil occurs.

2. A detailed soil profile description of a verti-
cal section of the representative soil from
the segment of the landscape being studied.
This description is made from a vertical cut,
pit, or trench.

Table 1 illustrates the form for description of the
environment. Table 2 gives the form for description
of the various horizons into which the soil profile is

TasLe 1. Form for describing environment around the site (cut, pit, or trench) for a soil profile description (adapted from
Soil Survey Stalf, 1951).

Soil type File No.
Area TDate Stop No.
Classification

Location

Vegetation (or crop)

@imnte

Parent material ( geology)

Landform

Relief Drainage Salt or alkali

Elevation Ground water Stoniness and rockiness

Slope Moisture

Aspect Root distribution

Erosion -
Permeability

Additional notes, photos, ctc.

TasLe 2. Form for describing horizons of a soil profile (adapted from Soil Survey Staff, 1951).

Depth
and Color Consistence
Thick- Re- Bound- Other
Horizon ness Dry Moist Texture | Structure| Dry | Moist | Wet action ary Features
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Olson—<Criteria for Making and Interpreting A Soil Profile Description 3

subdivided. It is readily apparent that conscientious
description of all the items in Tables 1 and 2 depicts
the landscape and the soil quite comprehensively, in
adequate detail for all interpretations except those in-
volving special research projects. From this basic rec-
ord of soil and environment data much information
can be derived. The soil profile description indicates
drainage and other characteristics that help show how
the soils can best be used (Olson, 1964). The de-
scribed soil factors include:

1. Land form, relief, drainage

2. Parent material of soils, geology

3. The soil profile

Color

. Texture

Structure

. Porosity

Consistence

Acidity, alkalinity, lime status

. Concretions, other special formations
. Organic matter, roots

Chemical and mineralogical composition
Other characteristics

@ O L TR

4. Stoniness

5. Erosion

6. Vegetation

7. Land use

8. Other significant features

The assembly of data recorded for a soil profile in
Tables 1 and 2 and their statistical or computer analy-
ses (Swanson, 1973) may take many forms. Table 3
illustrates the typical style of organization of the in-
formation. This is close to the style in which the soil
profile description appears in the technical description
of a published soil survey report (Tomasu and Roth,
1968). Table 4 illustrates a very detailed soil profile
description made as part of a special research project
studying a Williamson soil. The description in Table
4 is in greater detail than generally necessary for most
soil studies. When considered with the other soils of
New York State, it could be abstracted into simplest
terms (Cline, 1963) by describing the Williamson
soils under the headings:

Soils on fine sorted material, mainly lacustrine
but including loess and older alluvium
Alfisols, with fragipans in moderately well
and imperfectly drained members; silt loam
or very fine sandy loam, low in clay
Deep deposits—Moderately well-drained
member of drainage sequence

Google

TasLE 3. Official soil profile description (revised 20 July 1967)
of Richfield silt loam in northeast corner of section 12, town-
ship 28 south, range 36 west in Grant County, similar to that
described in southwest corner of section 13, township 28 south,
range 30 west, Gray County, Kansas (Tomasu and Roth, 1968).

Horizon Depth(in.)
Ap 0-6

Description

Grayish-brown (10YR 5/2) silt loam, very
dark grayish-brown (10YR 3/2) moist;
weak fine granular structure; slightly hard,
friable; neutral; clear smooth boundary;
horizon 4 to 8 inches thick.

Dark grayish-brown (10YR 4/2) heavy
silty clay loam, very dark grayish-brown
(10YR 3/2) moist; moderate medium sub-
angular blocky structure; hard, firm; mildly
alkaline; gradual smooth boundary; horizon
8 to 14 inches thick.

Grayish-brown (10YR 5/2) silty clay loam,
dark grayish-brown (10YR 4/2) moist;
weak medium subangular blocky structure;
hard, firm; contains few soft bodies of
CaCO,; moderately alkaline, calcareous;
clear smooth boundary; horizon 4 to 12
inches thick.

Light gray (10YR 7/2) light silty clay
loam, grayish-brown (10YR 5/2) moist;
weak granular structure; slightly hard, fri-
able; contains soft bodies of CaCOs; mod-
erately alkaline, calcareous; gradual smooth
boundary; horizon 8 to 20 inches thick.
Very pale brown (10YR 7/3) silt loam,
brown (10YR 5/3) moist; structureless,
massive; slightly hard, friable; porous;
strongly alkaline, calcareous.

B2t 6-16

B3ca 16-20

Clca 20-30

C2 30-60

TasLE 4. Soil profile description of Williamson silt loam from
a pit dug in an apple orchard one mile east of the village of
Alton in Wayne County, New York (Jha and Cline, 1963).

The Williamson silt loam soil profile consists of four

principal horizons from the surface downward:

1. An Ap horizon, somewhat thickened at the sampling
site by plowing toward a row of apple trees in which
the pit was dug.

2. A brown friable silt loam “color B.”

3. A light brown silt loam A’2 enclosing very fine sandy
loam pinkish-gray bodies that connect with inter-
prism planes below,

4. A dark brown firm silt loam fragipan (B2) organ-
ized in very coarse prisms separated by pinkish-gray
very fine sandy loam.

The profile description follows:

Horizon Depth(in.) Description

Ap 0-12  Dark grayish-brown (10YR 4/2) silt loam;
weak fine granular; friable; many fine roots;
pH 5.0; abrupt wavy boundary; 8 inches
thick at the edge to 14 inches thick in the
middle of the apple-tree row.

Brown (7.5YR 5/4) silt loam; very weak
very fine granular within very weak me-
dium plates; very friable; many fine roots;
pH 5.2; clear wavy boundary; 2 to 7 inches
thick.

Light brown (7.5YR 6/3) silt loam en-
closing irregular-shaped bodies of pinkish-
gray (7.3YR 6/2) very fine sandy loam
(A'2e) 2 to 10 inches across that conncct

B2 12-15

A2 15-20



B21x

B'22x

B'3x

Cl

C2

20-32

32-44

44-56

56-72

72-84

with parting planes between prisms of frag-
ipan below; strong thin platy; firm; common
vertical round holes 1 to 3 mm in diameter
without smooth linings and surrounded by
2 to 3 mm of dark brown (7.5YR 4/4) to
yellowish-brown (10YR 5/6) silt loam;
common slightly firm to firm dark brown
nodules in the pinkish-gray bodies; com-
mon fine roots; pH 5.2; abrupt wavy
boundary; 2 to 8 inches thick.

Dark brown (7.5YR 4/4) silt loam prisms
separated by wedge-shaped extensions of
pinkish-gray (7.5YR 6/2) very fine sandy
loam bodies of A’2e. Prisms bounded by
%-inch rim of strong brown (7.5YR 5/6)
silt loam; includes thin discontinuous hori-
zontal bands and crudely vertical sheets of
pinkish-gray (7.5YR 6/2) very fine sandy
loam comparable to B’2le; nearly massive;
very firm; few discontinuous vertical cleav-
age faces coated with a thin black skin;
many 2 to 4 mm vertical holes with
smooth clay linings; many %-mm spherical
voids with smooth clay linings; few roots;
these penetrate less than 3 inches. Pinkish-
gray material between prisms (B2le) 2
inches wide at top; %-inch wide at 32
inches; common slightly firm to firm 1 to
2 mm nearly black nodules; common ver-
tical 2 mm holes with dark brown rims;
locally nearly black coats on discontinuous
cleavage faces at contact with the prism.
Roots follow prism faces; pH 5.3; gradual
wavy boundary; 10 to 15 inches thick.

This is comparable to B‘21x above, differ-
ing in having coarser prisms (12 to 24
inches across), thinner and fewer pinkish-
gray sandy interprism zones, and fewer and
less conspicuous dark coats on parting
planes; pH 5.3; diffuse boundary; 10 to 13
inches thick.

Dark brown (7.5YR 4/4) silt Joam with
few pinkish-gray (7.5YR 6/2) %-inch hori-
zontal bands of very fine sandy loam with
many coarse 7.5YR 5/6 mottles; extensions
of a few cleavage planes from prisms above
divide the horizon into prisms 30 to 50
inches across; common 2 to 4 mm vertical
holes lined with wax-like clayey material
are bounded by %-inch of 7.5YR 6/2 very
fine sandy loam with a 4-inch band of
7.5YR 5/6 silt loam and extend through
both sandy and silty layers; firm; pH 5.2;
few roots in cleavage planes; abrupt smooth
boundary; 11 to 12 inches thick.

Layers of brown (7.5YR 4/3) silt loam 2
to 6 inches thick separated by %- to %-inch
layers of pinkish-gray (7.5YR 6/2) loamy
very fine sand: common vertical 2 to 4 mm
cvlinders of 10YR 6/2 very fine sand
bounded by %-inch of 7.5YR 5/8 silt loam
extend through all layers; common coarse
7.5YR 5/4 mottles; layers are massive;
slightly firm; no roots; pH 5.2; arbitrarily
divided from layer below.

Similar to Cl.
sampling,

Arbitrarily divided for

Google

Kansas Geol. Survey Bull. 212, 1976

A soil profile description—properly made, under-
stood, and interpreted—supplies a wealth of informa-
tion about internal and external characteristics of the
segment of the landscape with which it deals. By
studying the soil profile description and accompany-
ing data, one can tell what the landscape looks like
and what its subsurface composition is. Interpreta-
tions can be made for all uses to which the soils must
be put. Maps made by classifying similar soil profiles
of a landscape show exactly which soils are located in
each area. Profile descriptions representing soils from
different places can be compared and classified—en-
abling each soil to be better understood in the natural
order of things. The soil profile description in Table 5
illustrates how the descriptive methods can be applied
to soils of far-away places in order to better under-
stand them and compare them with soils with which
we are more familiar,

TasrLe 5. Soil profile description of Regur soil from pit near
buildings on the State Experimental Farm at Achalpur, Madhya
Pradesh, India (Simonson, 1954).

1. Typical Regur soil profile from traprock—near buildings on
the State Experimental Farm at Achalpur, Madhya Pradesh,
India.

a. Setting. The farm lies near the edge of the very gently
undulating plain that comprises the extensive cotton-
growing scction of western Madhya Pradesh. Hills rising
a few hundreds of feet above the level of the plain are
within sight to the north and northeast. Occasional belts
or groups of lower hills, usually tens of feet above the
general level, occur locally in the plain itself between
Achalpur and Amrooti. For the most part, however, local
relief is measurable in feet and the slopes are long and
gentle. The profile pit was on a very gentle slope with
a gradient of about two percent. By far the greatest part
of the land is in cultivation.

b. Prolile description:

All  0-8 in. Very dark grayish-brown (10YR 3/2)

clay; slightly hard, friable, plastic,
sticky; moderate medium granular
structure; few fine roots; medium and
coarse lime concretions common to
few; few fine traprock pebbles.
Very dark grayish-brown (10YR 3/2
to 3/4) clay; hard, friable, plastic,
sticky; compound structure of moderate
fine blocky peds crushing under some
pressure to moderate medium granular
peds; few fine roots; few medium lime
concretions and fine traprock pebbles.
Dark grayish-brown (10YR 4/2) to
brown (10YR 4/3) clay; slightly hard,
friable, plastic, sticky; weak fine to
medium  blocky structure; few fine
roots, few medium lime concretions and
fine traprock pebbles; this is a gradual
horizon from the solum to the
weathered rock.

Mottled light ycllowish-brown (10YR

6/4), light brownish gray (10YR 6/2),

and pale brown (10YR 7/2) loam; mot-

tles are fine to medium, distinct, and
numerous; soft, friable, slightly plastic;

Al2  8-30in.

A3 30-38in.

Cea  38-321n.
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the light colored patches seem to be
mainly lime accretions; a few roots and
a few traprock pebbles. This layer ap-
pears to be well weathered rock with a
lime accumulation.
Dark yellowish-brown (10YR 4/4)
loam flecked and mottled with light
brownish-gray (10YR 6/2); mottles are
distinct, fine to medium, and common;
soft, friable, slightly plastic; essentially
structureless in place but with weak
fine granular peds when removed; few
traprock pebbles. This seems to be
well-weathered rock.

c. Additional notes. The Cca horizon (upper part of the
saprolite) is prominent on two sides of the pit but not
on the other two. It is faint or barely evident at the
bottom of the solum in a nearby pit in the same soil
tvpe. Checking or cracking marks the solum on all sides
of this one day old pit. The cracks are 20 to 40 mm
apart and tend to form square, which suggests that
checking operates in the formation of blocky structure
in this soil. In the classification used in tax assessment
for rural lands, this soil has the local name of Morand 1.

C 52-80 in.

TaBLE 6. Abbreviations and notations for making a soil profile
description, suggested for use with the form in Table 1 (adapted
from Soil Survey Staff, 1951, p. 140 and 141).

Soil type—Name, as Richfield silt loam, plus soil map unit
number, if any.

Classification—Name in lowest category known in latest pub-
lished classification system.

Climate—Such as: humid temperate, warm semiarid, or other
climatic information or classification of area.

Parent material (Geology )—Such as: residuum from basalt,
mixed silty alluvium, calcareous clay loam till.

Landform—Such as: high terrace, till plain, alluvial fan, moun-
tain foot slope. Add name of geologic formations, where
known.

Relief—Measure with Abney level. Give letter designation or
name of soil slope class and indicate concave or convex,
single or complex slopes (Soil Survey Staff, 1951, p. 161).

Slope—Give gradient of soil slope from Abney level measure-
ment.

Erosion—Use appropriate class name and number (Soil Survey
Staff, 1951, p. 261). Such as: slight, moderate, or severe
erosion.

Drainage—Use appropriate class name for soil drainage (Soil
Survey Staff, p. 170). Such as: excessively drained, well
drained, moderately well drained, somewhat poorly drained,
poorly drained, or very poorly drained.

Ground water—Give depth to ground water or indicate approx-
imate depth.

Permeability—Use appropriate class name (Soil Survey Staff,
p. 168). Such as: slow, moderate, or rapid.

Moisture—Indicate present soil moisture as wet, moist, moder-
ately dry, or dry.

Salt or alkali——Indicate concentration of either or both as slight,
moderate, or strong.

Stoniness—Use appropriate class name and number (Soil Sur-
vey Staff, p. 217). Such as: stony, very stony, extremely
stony.

Root distribution—Indicate depth of penetration as deep or to
a certain depth or horizon, and abundance as abundant,
plentiful, or few.

Remarks—Include additional detail on listed items or include
additional items, such as relative content of organic matter,
evidence of worms, insects, or rodents, special mottling, and
stone lines.

Google

This publication is intended to be a comprehensive
guide for making and interpreting a soil profile de-
scription. Tables 6 and 7 and Appendix Table 1 list
abbreviations and notations suggested for use with the
forms in Tables 1 and 2. The forms have proved ex-
tremely useful as a guide for describing soils. The
procedures will probably be modified, however, as our
knowledge of soils increases. People describing and
using soils should not be bound by convention, but
should use their initiative frecly to describe special
and significant soil features in terins communicable to
other scientists. The use of special tools (such as
photography) must be fully employed for description
and study of soils, and for communication of soils in-
formation to other scientists and laymen.

SOIL HORIZONS

The description of a soil profile consists mainly of
individual examination of its separate horizons (Soil
Survey Staff, 1962). Appendix Table 2 lists and briefly
describes symbols used to designate soil horizons. A
soil horizon is a layer of soil, approximately parallel
to the soil surface, with characteristics produced by or
influencing soil forming processes. One soil horizon is
commonly differentiated from an adjacent one at least
partly on the basis of characteristics that can be seen
in the ficld. Laboratory data also are required some-
times for the identification and designation of horizons
for their more detailed characterization. The soil pro-
file, as exposed in a road cut or pit, includes the col-
lection of all the genetic horizons, the natural organic
layers on the surface, and the altered and geologic
materials and other layers that influence the genesis
and behavior of the soil. The profile representing soil
map units must be characteristic of pedons represent-
ing large areas of the same kind of soil.

Many soils have horizons inherited from stratified
geologic deposits, in addition to genetic soil horizons.
In making soil examinations, all distinguishable hori-
zons are separately described regardless of genesis.
These descriptions must be completely objective. They
are the basis of soil classification. Nothing can substi-
tute for them. Laboratory data on collected samples
make soil descriptions more valuable. Without the
soil descriptions the laboratory data cannot be safely
interpreted.

Profiles of soils have properties different from those
of the original geologic material. Thus a soil profile in
an alluvial terrace has characteristics partly due to al-
luvial stratification and partly due to soil forming
processes, acting concurrently or at different times. A
soil with a well-developed profile may be gradually
covered with volcanic ash, loess, windblown sand, or
alluvium without seriously injuring the vegetation.
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TasLE 7. Abbreviations and notations for making a soil profile description, suggested for use with the form in Table 2 (adapted
from Soil Survey Staff, 1951, p. 139 and 140).

Horizon—Use standard horizon nomenclature (Soil Survey
Staff, 1962).

Depth—In inches or centimeters from the top of the Al, or
surface mineral horizon, except for the surface of peat or
muck soils (Soil Survey Staff, 1951, p. 185).

Thickness—Average thickness and range, as 8 (4-8) inches.
The range should be observed for each cut, pit, or trench
described and as published gives thickness range for the
survey area.

Color—Soil colors are indicated by using the appropriate Mun-
sell notation such as 5YR 5/3. If the soil mass is one solid
color, only one notation is required. If the outsides of ag-
gregates differ significantly from their interiors, both colors
are needed. The description of mottled soil horizons needs
to include the color of the matrix and the color, or colors, of
the principal mottles plus a description of the pattern of
mottling. Colors can be given in terms of the Munsell nota-
tion or linguistic equivalents, if exact measurement is not
possible or necessary. The pattern may be noted as follows:

Abundance Size Contrast
Few—f Fine—1 Faint—f
Common—c Medium—2 Distinct—d
Many—m Coarse—3 Prominent—p

Thus a medium gray soil horizon mottled with yellow and

reddish brown could be noted as 10YR 5/1, c3d, 10YR 7/6

and 5YR 4/4 or 10YR 5/1, ¢3d, yellow and reddish brown.
Texture—The following notations are suggested:

Gravel—g

Very coarse sand—vcos

Coarse sand—cos

Sand—s

Fine sand—fs

Very fine sand—vfs

Loamy coarse sand—Icos

Loamy sand—Is

Loamy fine sand—lIfs

Sandy loam—sl

Fine sandy loam—fs]

Very fine sandy loam—vfs]

Gravelly sandy loam-—gsl]
Loam—1

Gravelly loam—gl
Stony loam—stl
Silt—si

Silt loam—sil

Clay loam—cl

Silty clay loam—sicl
Sandy clay loam—scl
Stony clay loam—stcl
Silty clay—sic
Clay—c

Structure—Use standard terms (Soil Survey Staff, 1951, p. 228).

Size or class Grade or Form or type
Very fine (very distinctness Platy—pl
thin )—vf Structureless—0 Prismatic—pr
Fine (thin)—f Weak—1 Columnar—cpr
Medium—m Moderate—2 Blocky—bk
Coarse (thick)—c Strong—3 Angular
Very coarse ( very blocky—abk
thick )—ve Subangular
blocky—sbk
Granular—gr
Crumb—cr
Single grain—sg
Massive—m

Consistence—The notation of consistence varies with moisture
content (Soil Survey Staff, 1951, p. 231-234).

Wet soil Moist soil Dry soil
Nonsticky—wso Loose—ml Loose—dl
Slightly sticky— Very friable—mvfr Soft—ds

wss Friable—mfr Slightly hard—dsh
Sticky—ws Firm—mfi Hard—dh
Very sticky—wvs  Very firm—mvfi Very hard—dvh
Nonplastic—wpo  Extremely irm—  Extremely hard—
Slightly plastic— mefi deh

wps
Plastic—wp
Very plastic—wvp

Cementation

Weakly cemented—cw
Strongly cemented—cs
Indurated—ci
Reaction—Use pH figures
Indicate effervescence with HCl as:
Slight—e
Strong—es
Violent—ev
Boundary—The lower boundary is described for each horizon
according to:
1. Distinctness: Abrupt—a, clear—c, gradual—g, or dif-
fuse—d.
2. Topography:
broken—b.
Thus an abrupt irregular boundary could be described as ai.
Special features—
Concretions, for example, as:
Lime—conca
Iron—consir
Siliceous—consi
Krotovinas—k

Other special features may be described as additional notes.

Smooth—s, wavy—w, irregular—i, or

The surface horizon may become thickened in these
cases as the lower part of the soil profile gradually
passes beyond reach of active soil forming processes.
Soil profiles vary widely in thickness, from mere
films to profiles many feet thick. Thickness differences
are duc to degree of weathering of the original geo-
logic material. Generally, in temperate regions, soil
profiles need to be examined to depths of three to five
feet. Soils are gencrally thinner toward the poles and
thicker toward the equator. Even in temperate re-

Google

gions, however, deeper horizons and geologic deposits
to six feet or more may be very important for many
different kinds of soil uses.

Soil profiles also vary widely in the degree to
which genetic horizons are expressed. On nearly fresh
geologic deposits (new alluvial fans, sand drifts, blan-
kets of volcanic ash) no genetic horizons may be dis-
tinguished at all. As soil formation proceeds, changes
in the geologic deposits may be detected in their early
stages only by laboratory study of the samples, and
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then later with gradually increasing clarity in the field.

In describing a soil profile, one usually locates the
boundaries between horizons, measures their depth,
and studies the profile as a whole before describing
and naming individual horizons. The blanks in the
form in Table 1 are filled out at this time.

Horizon Designations

It is not absolutely necessary to name the various
soil horizons in order to make a good description of a
soil profile (Soil Survey Staff, 1962). Yet the usefulness
of profile descriptions is greatly increased by the
proper use of genetic designations (like A, B, C). Such
interpretations show the genctic relationships among
the horizons within a profile, whereas simple numbers
or undefined letters tell nothing but depth sequence.
The genetic designations make possible useful com-
parisons among soils. For example, it is not possible
to usefully compare arbitrarily defined 12-24 inch
lavers of different soils, but B horizons can be usefully
compared.

Horizon designations are symbols indicating the
judgment of the person describing the soil relative to
kind of departure from the original geologic material
from which the soil formed. Each symbol indicates an
estimate, not a proven fact. The symbol implies that
one must reconstruct mentally the character of the
original geologic material.

Symbols for Master Horizons

Master horizons are designated as O, A, B, C, and
R. Criteria for naming the master horizons are (Soil
Survey Staff, 1962):

O—Organic horizons of mineral soils that are:

1. Formed or forming in the upper part of mineral
soils above the mineral part

2. Dominated by fresh or partly decomposed or-
ganic material

3. Contain more than 30 percent organic matter if
the mineral fraction is more than 50 percent
clay, or more than 20 percent organic matter if
the mineral fraction has no clay. Intermediate
clay content requires proportional organic mat-
ter content.

The O horizons may be present at the surface hori-
zon of mineral soils, or at any depth beneath the sur-
face in buried soils, but they have been formed from
organic litter derived from plants and animals and
deposited on the surface. The O horizons do not in-
clude soil horizons formed by illuviation of organic
material into mineral material, nor do they include
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horizons high in organic matter formed by a decom-
posing root mat below the surface of mineral material.
Organic horizons at the surface may be rapidly altered
in thickness. Thus thickness of organic horizons that
are at the surface are always measured upward from
the top of the underlying mineral material.

Two subdivisions of O horizons are recognized:

OI—Organic horizons in which the original form of
most vegetative matter is visible to the naked eye.

Identifiable remains of soil fauna, or their excre-
ment, may be present, and the horizon may be filled
with fungal hyphae. Vegetative matter may be un-
altered (as freshly fallen leaves) or may be leached of
its most soluble constituents and discolored.

02—Organic horizons in which the original form of
most plant or animal matter cannot be recognized
with the naked eve.

Remuains of parts of plants and animals commonly
can be identified with magnification; excrement of soil
fauna is commonly a large part of the material present.

A—DMineral horizons® cousisting of:

1. Horizons of organic matter accumulation
formed or forming at or adjacent to the surface.

2. Horizons that have lost clay, iron, or aluminum
with resultant concentration of quartz or other
resistant minerals of sand or silt size

3. Horizons dominated by 1 or 2 above but tran-
sitional to an underlying B or C.

Al—AMlineral horizons, formed or forming at or ad-
jacent to the surface, in which the feature empha-
sized is an accumulation of humified organic mat-
ter intimately associated with the mineral fraction.

The mineral particles of Al horizons have coatings
of organic material, or the soil mass is darkened by
organic particles; the horizon is as dark as, or darker
than, adjacent underlying horizons. The mineral frac-
tion may be unaltered or may have been altered in a
manner comparable to that of A2 or B horizons. The
organic fraction of Al horizons is assumed to have
been derived from plant and animal remains deposited
mechanically on the surface of the soil, or deposited
within the horizon without translocation of humified
material through an intervening horizon that qualifies
for a horizon designation other than Al

° Mineral horizons contain less than 30 percent organic mat-
ter if the mineral fraction contains more than 50 percent clay
or less than 20 percent organic matter if the mineral fraction
has no clay. Intermediate clay content requires proportional
content of organic matter.
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A2—Mineral horizons in which the feature empha-
sized is loss of clay, iron, or aluminum, with re-
sultant concentration of quartz or other resistant
minerals in sand and silt sizes.

Such A2 horizons are commonly but not neces-
sarily lighter in color than an underlying B. In some
soils the color of the A2 horizon is determined by that
of the primary sand and silt particles, but in many
soils, coats of iron or other compounds, apparently re-
leased in the horizon and not translocated, mask the
color of the primary particles. An A2 horizon is most
commonly differentiated from an overlying Al by
lighter color and is generally measurably lower in or-
ganic matter. An A2 horizon is most commonly differ-
entiated from an underlying B in the same profile by
lighter color, or coarser texture, or both. A2 horizons
are commonly near the surface, below an O or Al
horizon and above a B, but the symbol A2 may be
used either above or below subsurface horizons; posi-
tion in the profile is not diagnostic. In bisequal soils
a prime symbol designates a horizon of the lower se-
quence (A’2). For horizons at the surface that would
qualify equally well as either Al or A2, the designa-
tion Al is given preference over A2.

A3—A transition horizon between A and B dominated
by properties characteristic of an overlying Al or
A2 but having some subordinate properties of an
underlying B.

No distinction is made between the different kinds
of horizons that are transitional from Al or A2 to dif-
ferent kinds of B. Obviously they may be quite unlike
one another, but the burden of characterization rests
on the description of the transitional horizon, plus in-
ferences that can be made after noticing the symbols
assigned to the overlying and underlying horizons.
The symbol A3 is normally used only if the horizon is
underlain by a B horizon. However, where the pro-
file is truncated from below in small places by rock,
so as to eliminate the horizon that would be desig-
nated B, the symbol A3 may be used for the horizon
that is above the rock. For example, in one part of a
pedon, a horizon may be transitional between A and
B, and thus be appropriately designated A3. But, in
another part of the same pedon, the same horizon
rests on rock and may appropriately be called A3,
even though there is no underlying B.

The symbol A3 is confined to those kinds of tran-
sitional zones in which some of the properties of the
underlying B are superimposed on properties of A
throughout the soil mass. Those kinds of transitional
horizons in which parts that are characteristic of A
enclose parts characteristic of B are classified as A
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AB—A horizon transitional between A and B, having
an upper part dominated by properties of A and a
lower part dominated by properties of B, but the
two parts cannot conveniently be separated into
A3 and B1.

Such combined horizons are normally too thin to
scparate.

A and B—Horizons that would qualify for A2 except
for included parts constituting less than 50 percent
of the volume that would qualify as B.

Commonly, A and B horizons are predominately
A2 material partially surrounding thin, columnar up-
ward extensions of the B or wholly surrounding small
isolated spheres, elipsoids, or other bodies that would
qualify as B. In such horizons the A2 appears to be
encroaching on an underlying B.

AC—A horizon transitional between A and C, having
subordinate properties of both A and C, but not

dominated by properties characteristic of either A
or C.

B—Horizons in which the dominant feature is one or
more of the following:

1. An illuvial concentration of silicate clay, iron,
aluminum, or humus, alone or in combination

2. A residual concentration of sesquioxides or sili-
cate clays, alone or mixed, that has formed by
means other than solution and removal of car-
bonates or more soluble salts.

3. Coatings of sesquioxides adequate to give con-
spicuously darker, stronger, or redder colors
than overlying and underlying horizons in the
same. sequum but without apparent illuviation
of iron and not genetically related to B horizons
that meet requirements of 1 or 2 in the same
sequum.

4. An alteration of material from its original con-
dition in sequums lacking conditions defined in
1, 2, and 3 that obliterates original rock struc-
ture, that forms silicate clays, liberates oxides,
or both, and that forms granular, blocky, or
prismatic structure if textures are such that vol-
ume changes accompany changes in moisture.

It is obviously necessary to be able to identify the
kind of B before one can establish that a horizon
qualifies as B. There is no common diagnostic prop-
erty or location in the profile by means of which all
kinds of B can be identified. Marginal cases exist in
which a horizon might qualify as either of two kinds
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of B. In such cases, the horizon description should in-
dicate the kind of B that characterizes the dominant
condition, in the judgment of the person describing
the soil. Laboratory work may be needed for identi-
fication of the kind of B, or even to determine that a
given horizon is a B.

BI—A transitional horizon between B and Al or be-
tween B and A2 in which the horizon is dominated
by properties of an underlying B2 but has some
subordinate properties of an overlying Al or A2.

An adjacent overlying Al or A2 and an adjacent
underlying B2 are essential to characterization of a
horizon as Bl in a virgin soil. In a few instances the
horizon may still be recognized in a truncated soil by
comparing the truncated profile with an undisturbed
profile of the same soil. The symbol Bl is confined to
those kinds of transitional horizons in which some
properties of the overlying adjacent Al or A2 are
superimposed on properties of B throughout the mass
of the transitional horizon. Those kinds of transitional
horizons containing parts characteristic of B, separated
by abrupt boundaries from parts characteristic of an
overlying A2, are classified as B and A.

B and A—Any horizon qualifying as B in more than
50 percent of its volume including parts that qual-
ify as A2.

These horizons commonly have many vertical
tongues of A2 material that extend downward into the
B from the A2 or they have thin horizontal bands of
A2 material that lie between thicker bands of B and
are connected with tongues extending from the A2.
Tubes filled with Al material, as in krotovinas or
earthworm channels, in a B horizon should be de-
scribed but should not be designated as B and A.
Many B horizons have A2 material in widely spaced
narrow cracks. Such features should be described, but
the horizon should be designated as B and A only if
the A2 material constitutes more than 10 percent of
the volume of the horizon.

B2—The part of the B horizon where the properties
on which the B is based are without clearly ex-
pressed subordinate characteristics indicating that
the horizon is transitional to an adjacent overlying
A or an adjacent underlying C or R.

This does not imply that the B2 horizon in a given
profile must express to a uniform degree the properties
diagnostic of B or that it must be confined to a zone
of maximum expression in the absolute sense. The B3
horizon, which is transitional from B2 to C, commonly
exhibits the subordinate properties of C by expressing
in lower degree the properties of an adjacent B2, Be-
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fore the designation B3 is justified, the degree of ex-
pression of B2 horizon characteristics must be low
enough that the properties of C are clearly evident.
The definition does not imply that a given kind of B2
has the same degree of expression in all profiles. In
some profiles the most strongly expressed part of the
B horizon, which would be designated B2, may be as
weakly expressed as B3 in other profiles. The desig-
nation B2 is used strictly within the frame of reference
of a single profile and not in an absolute sense of
degree.

B3—A transitional horizon between B and C or R in
which the properties diagnostic of an overlying
B2 are clearly expressed but are associated with

clearly expressed properties characteristic of C
or R.

The designation B3 is used only if there is an over-
lving B2, even if the properties diagnostic of B are
weakly expressed in the profile. Where an underlying
material presumed to be like the parent material of
the solum is absent (as in A-B-IIC profiles) B3 is
used below B2 in the sense of a horizon transitional
to an assumed original parent material. Use of the
svmbol IIC involves an estimate of at least the gross
character of the parent material of the horizons above
it. B3 in such cases is based on this estimate of the
properties of the parent material of the B. B3 is not
used as a horizon transitional from B2 to 1IC or IIR.

C—A mineral horizon or layer, excluding bedrock,
that is either like or unlike the material from which
the solum is presumed to have formed, relatively
little affected by pedogenic processes, and lacking
propertics diagnostic of A or B but including
materials modified by:

1. Weathering outside the zone of major biolog-
ical activity

2. Reversible cementation, development of brittle-
ness, development of high bulk density, and
other properties characteristic of fragipans

3. Gleying

4. Accumulation of calcium or magnesium car-

bonate or more soluble salts

5. Cementation by such accumulations as calcium
or magnesium carbonate or more soluble salts

6. Cementation by alkali-soluble siliceous material
or by iron and silica,

This definition is intended to exclude horizons that
meet the requirements of A or B but to include cer-
tain kinds of alteration that, historically, have been
considered to be little influenced by the activity of
organisms. These alterations include chemical weath-
cring deep in the soil. Some soils are presumed to
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have developed in materials already highly weathered,
and such weathered material that does not meet re-
quirements for A or B is considered C. Development
of the firmness, brittleness, and high density charac-
teristic of fragipans is, by itself, not a criterion of A
or B. Fragipans that have distinct silicate clay con-
centrations are to be indicated as Bx or simply as B.
Fragipans lacking such clay concentration, however,
are considered to be within the definition of C and are
designated Cx. Accumulations of carbonates, gypsum,
or more soluble salts are permitted in C horizons if
the material is otherwise considered to be little af-
fected by other processes that have contributed to
genesis of associated horizons. Such horizons are des-
ignated Cca, Ccs, or Csa. Even induration by such
materials is permitted and this can be indicated by
the suffix m, as in Ccam. Induration by alkali-soluble
siliceous material is also permitted and may be indi-
cated by Csim. Induration by iron and silica does not
exclude the horizon from C, and horizons or layers
thus indurated would be designated Cm. Horizon C,
as defined, is intended to include the diagnostic hori-
zons indicated by ca, cs, and sa, and the alkali-soluble
pans, the iron-silica pans, and the fragipans, provided
these layers do not meet the requirements of B. C
horizons may include contrasting strata of unconsoli-
dated material, and gleyed horizons that cannot be
designated as A or B. The C horizon has often been
incorrectly called parent material, but it is really im-
possible to find the parent material from which the A
and B horizons have developed since that material has
been altered. Arabic numerals applied to C horizons
indicate only vertical sequence within the C.

R—Underlying consolidated bedrock, such as granite,
sandstone, or limestone. If presumed to be like the
parent rock from which the adjacent overlying
layer or horizon was formed, the symbol R is used
alone. If presumed to be unlike the overlying
material, the R is preceded by a Roman numeral
denoting lithologic discontinuity. An R horizon is
generally composed of hard rock (lithic contact
with overlying soil) but may also be soft rock
(paralithic contact with overlying soil) such as
marl or soft shale.

Subordinate Symbols

Subordinate symbols are used as suffixes after mas-
ter horizon designations to indicate dominate features
of different kinds of master horizons.

b—Buried soil horizon.

The symbol b is added to the designation of a
buried genetic horizon or horizons. Horizons of an-
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other solum may or may not have been formed in the
overlving material, which may be similar to or differ-
ent from the assumed parent material of the buried
soil.

ca—An accumulation of carbonates of alkaline earths,
commonly of calcium.

This symbol is applied to A, B, or C horizons.
Possible combinations are Alca, A3ca, Blea, B2ca, and
B3ca. An A2ca horizon is also possible where accumu-
lation has occurred in an A2 formed under different
conditions, but it is not common. The presence of
secondary carbonates alone is not adequate to justify
the use of the ca symbol. The horizon must have more
carbonates than the parent material is presumed to
have had.

cs—An accumulation of calcium sulfate.

This symbol is used in a manner comparable to
that of ca. Calcium sulfate accumulations commonly
occur in the C below ca accumulations in cherozemic
soils, but may occur in other horizons as well. If the
symbol cs is used, the horizon must have more sulfates
than the parent material is presumed to have had.

cn—Accumulations of concretions or hard nonconcre-
tionary nodules enriched in sesquioxides with or
without phosphorus.

The nodules indicated by the symbol cn must be
hard when dry but need not be indurated. The hori-
zon description should characterize the nodules. Nod-
ules, concretions, or crystals do not qualify as cn if
they are of dolomite or more soluble salts, but they
do qualify if they are of iron, aluminum, manganese,
or titanium.

f—Frozen soil.

The suffix f is used for soil that is thought to be
permanently frozen.

g—Strong gleying.

The suffix g is used with a horizon designation to
indicate intense reduction of iron during soil develop-
ment, or reducing conditions due to stagnant water,
as evidenced by base colors that approach neutral,
with or without mottles. In aggregated material, ped
faces in such horizons generally have chroma of two
or less as a continuous phase, and commonly have few
or faint mottles. Interiors of peds may have many
prominent mottles but commonly have a network of
threads or bands of low chroma surrounding the mot-
tles. In soils that are not aggregated, a base chroma
of 1.0 or less, with or without mottles, is indicative of
strong gleying. Hues bluer than 10Y are also indica-
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tive of strong gleying in some soils. Horizons of low
chroma in which the color is due to uncoated sand or
silt particles are not considered to be strongly gleyed.
Although gleying is commonly associated with wet-
ness, especially in the presence of organic matter, wet-
ness by itself is not a criterion of gleying. The symbol
g may be applied to any of the major symbols for
mineral horizons and should follow the horizon desig-
nations, as A2g, A2lg, A3g, Blg, B2g, B3g, and Cg.
Bg may be used if gleyed B horizons cannot be sub-
divided into B1, B2, and B3.

No lower case letter is used as a suffix with horizon
designations to indicate reduction of iron less intense
than that indicated by g. Conditions not given a
special designation but described in detail are those
associated with:

1. Common to many, distinct to prominent mot-
tles on base colors of chroma stronger than 2 in
unaggregated material

2. Base chroma greater than 2 with few to com-
mon, faint to distinct mottles on ped faces and
common to many distinct to prominent mottles
in ped interiors in well-aggregated material.

h—TI1luvial humus.

Accumulations of decomposed illuvial organic mat-
ter, appearing as dark coatings on sand or silt particles,
or as discrete dark pellets of silt size, are indicated by
h. This suffix follows the letter B or a subdivision of
B, as Bh or B2h.

ir—I1luvial iron.

Accumulations of illuvial iron as coatings on sand
or silt particles or as pellets of silt size. In some hori-
zons the coatings have coalesced, filled pores, and
cemented the horizon.

m—Strong cementation, induration.

The symbol m is applied as a suffix to horizon
designations to indicate irreversible cementation. The
symbol is not applied to indurated bedrock. The sym-
bol is confined to indurated horizons that are essen-
tially (more than 90 percent) continuous, though they
may be fractured.

p—Plowing or other disturbance.

The symbol p is used as a suffix with A to indicate
disturbance by cultivation or pasturing. Even though
a soil has been truncated and the plow layer is clearly
in what was once B horizon, the designation Ap is
used. When an Ap is subdivided, the arabic number
suffixes follow, as Apl and Ap2, because the Ap is
considered comparable to Al, A2, or B2.
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sa—An accumulation of salts more soluble than cal-
cium sulfate.

This symbol may be applied to the designation of
any horizon and in its manner of use is comparable to
that described for ca or cs. If the symbol is used, the
horizon must have more salt than the parent material
is presumed to have had.

si—Cementation by siliceous material, soluble in al-
kali. This symbol is applied only to C.

The cementation may be nodular or continuous. If
the cementation is continuous the symbol sim is used.

t—Illuvial clay.

Accumulations of translocated silicate clay are in-
dicated by the suffix t (German ton, clay). The suffix
t is used only with B horizons (as B2t) to indicate
their nature. The ratio of the clay content of the
eluvial horizon to the illuvial horizon needs to be 1.2
or larger.

x—Fragipan character.

The symbol x is used as a suffix with horizon des-
ignations to indicate genetically developed properties
of firmness, brittleness, high density, and characteristic
distribution of clay that are diagnostic of fragipans.
Fragipans, or parts of fragipans, may qualify as A2, B,
or C. Such horizons are classified as A2, B, or C, and
the symbol x is used as a suffix to indicate fragipan
character. Unlike comparable use of supplementary
symbols, the symbol x is applied to B without the
connotative arabic numeral normally applied to B.
Arabic numerals used with C to indicate only vertical
subdivision of the horizon precede the x in the sym-
bol, as Clx and C2x.

Subdivision of Horizons

In a single profile it is often necessary to subdivide
the horizons for which designations are provided (Soil
Survey Staff, 1962). Horizons like Ap, Al, A2, A3, Bl,
B2, B3, or C can be subdivided so that detailed studies
of morphology, sampling, and similar work can be
correctly recorded. In some cases, such subdivision is
arbitrary in relation to differences observable in the
field. In other cases it may be necessary to differen-
tiate within a horizon on bases not provided by unique
horizon symbols. In all such cases, the subdivisions
are numbered consecutively, with arabic numbers,
from the top of the horizon downward, as B21, B22,
and B23. If the suffixes consisting of lower case letters
are being used, the arabic numbers precede all lower
case suffixes except p as B21t, Clg, C2¢g, but Apl and
Ap2.
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Lithologic Discontinuities

Roman numerals are prefixed to the appropriate
horizon designations when it is necessary to number
a series of layers of contrasting material consecutively
from the surface downward (Soil Survey Staff, 1962).
A soil that is all in one kind of material is all in
material designated by the numeral I. This numeral
therefore can be omitted from the symbol, as it is
understood that all the material is I. Similarly, the
uppermost material in a profile having two or more
contrasting materials is always designated I. Conse-
quently, for the topmost material, the numeral I can
be omitted from the symbol because it is always un-
derstood. Numbering starts with the second layer of
contrasting material, which is designated II, and each
contrasting material below this second layer is num-
bered consecutively, III, IV, and so on, downward as
part of each horizon designation. Even though a layer
below a horizon designated by II is similar to the
topmost horizon it is given the appropriate consecu-
tive number in the sequence. Where two or more
horizons developed in one of the numbered layers, the
Roman numeral is applied to all the horizon desig-
nations in that material.

Following are two examples of horizon sequences
using this convention:

Al - A2-BI1-B21-1IB22-IIB3-1IC1 - ITIIC2

Al - A2-B1-B2-1IIA2 - IIB’x - IIC1x - IIIC2x -
HIC3 - IVR

In the first example, the first contrasting layer is
unnumbered; the second layer, starting in the B2, is
indicated by Roman numeral II, as 1IB22; the third,
within the C, by the symbol IIIC. In the second ex-
ample, the first contrasting layer is unnumbered; the
second, starting at the top of the A’2 horizon, is num-
bered 1I; the third, starting in the middle of the fragi-
pan, is numbered III, even though the fragipan is
partly in C material; and the fourth, starting below
the C, is indicated by IVR. Arabic numerals are used
independently of the Roman numerals, in the conven-
tional manner, both as connotative symbols and for
vertical subdivision.

A lithologic discontinuity is a significant change in
particle size distribution or mineralogy that indicates
a difference in the material from which the horizons
have formed. A change in the clay content associated
with an argillic horizon (textural B) does not indicate
a difference in parent material. Appearance of gravel,
or a change in the ratios between the various sand
separates, will normally suggest a geologic difference
in parent materials. One purpose in identifying litho-
logic discontinuities is to distinguish between those
differences hetween horizons that are pedogenic and

Google

Kansas Geol. Survey Bull. 212, 1976

those that are geologic. Consequently, a designation
with a different Roman numeral would not normally
be used for a buried soil in a thick loess deposit. The
difference between the properties of the buried soil
and the overlying loess are presumably pedogenic.
But a stone line usually indicates a need for another
Roman numeral. The material above the stone line is
presumed to be transported. If the transport was by
wind or water, one must suspect that during the
movement there was some sorting of the material ac-
cording to size.

Horizontal Variations

Profiles of soils having well-developed microrelief
cannot be satisfactorily described from pits (Soil Sur-
vey Staff, 1962). To describe such soils, or to under-
stand how one soil profile merges into another at the
soil boundary, a long trench is dug so that horizons
may be measured, described, sketched, and sampled
at appropriate horizontal intervals. Small stakes may
be set on the margin of the trench at 6 or 12 inch
intervals as reference points. Using one stake as a
zero point, the relative elevations of the others can be
measured with an ordinary surveyor’s level or Y-level.

In order to observe any horizontal cracking or pat-
terns in the soil, it is often revealing to remove soil
horizons, one by one from the top down, from an area
of a square yard or more. One may, for example,
discover gross hexagonal cracking of hardpans or clay-
pans, unsuspected from the vertical cut alone, that
suggests previous influence of freezing, moistening, or
desiccation that have been interrupted by coverings
now changed to a part of the soil profile.

Conventions Governing Use of Symbols

Historical and logical usage determines the follow-
ing six conventions (Soil Survey Staff, 1962) for use of
symbols:

1. Capital letter symbols include O, A, B, C, and R.
They indicate dominant kinds of departures from
the parent material. More than one kind of de-
parture may be indicated by a single capital letter,
providing these departures are within the limits of
the definitions given.

2. In a description of a given profile, if a horizon
designated by O, A, or B is subdivided, the sub-
divisions are indicated by placing an arabic number
after the capital letter. Thus, symbols such as O1,
02, Al, A2, A3, B1, B2, and B3 are obtained. Each
symbol derived in this way stands for an integral
unit, and each unit requires its own definition. A
given arabic number therefore has different impli-



Olson—<Criteria for Making and Interpreting A Soil Profile Description 13

o

cations when combined with different capital let-
ters. Thus, the symbols O1, 02, Al, and A2 indi-
cate specific kinds of O and A master horizons.
The symbols A3, B1, and B3 are transitional hori-
zons. Likewise, the symbol B2 indicates that part
of the B horizon that is not transitional either to A
or to C. Even if both Bl and B3 are absent, if the
B horizon of a given profile is subdivided, the sym-
bol B2, not B, is used. The symbols O, A, and B
each indicate a unit that, according to need, can
have several subdivisions or none. The symbol C,
however, indicates a unit that is not subdivided in
the manner of O, A, and B. If a horizon is sub-
divided, this is done only in the manner described
in the following paragraph 3, and the arabic num-
ber assigned has no consistent meaning except
vertical sequence.

Vertical subdivision within an otherwise undiffer-
entiated horizon is indicated by primary or second-
ary arabic numbers assigned, in order, from the
topmost subdivision downward. These are not
used with O, A, or B without a primary arabic
number. Thus, secondary numbers are used with
01, 02, Al, A2, A3, B1, B2, B3, and C. Thus, we
use Cl and C2, Apl and Ap2. but All and Al2,
B21, B22 or B23, as needed, without consistence in
meaning beyond the fact that we have made a
subdivision. The reason for the subdivision may
be indicated in the text of the description or by a
lower case letter suffix.

Lower case letters are used as suffixes to indicate
selected subordinate departures from the assumed
parent material or to indicate selected. specific
kinds of major departures from the definition as-
signed to the symbols O, A, B, and C. These are
regarded as alternatives to narrative statements of
equivalent interpretations in the profile description.
These suffixes follow the arubic number in the
letter-number combined symbols discussed under
item 2 above (A2g or B3ca), or they may follow
the capital letter of a master horizon if it is not
subdivided (Bt or Ap). These suffixes also follow
arabic numbers used solely for vertical subdivision
described under item 3 above, as A2lg and A22¢
or Clca and C2ca. An exception is made with the
lower case letter p. The symbol p is restricted to
use with A because of the common difficulty of
deciding which horizons have been included in the
plow layer.

Roman numerals are prefixed to the master horizon
designations (O, A, B, C, R) to indicate lithologic
discontinuities either within or below the solum.
The uppermost material is not numbered because
the Roman numeral I is understood; the second
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contrasting material is numbered 11, and others en-
countered are numbered III, IV, and so on, con-
secutively with depth. Thus, for example, a se-
quence from the swrface downward might be A2,
B1, I1B2, 1183, 1IC1, ITIIC2.

6. An illuvial or B horizon (together with its over-
Iving eluvial or A horizon if one is present) is
called a sequum. If more than one sequum is pres-
ent in vertical sequence, the lower sequum is given
A and B designations with a prime accent, as A’2,
B’2. The prime accents are not used for buried soil
horizons. These have the lower case letter b.

DEPTH AND THICKNESS OF SOIL HORIZONS

Depth and thickness of soil horizons must be care-
fully observed and recorded in making a soil profile
description (Soil Survey Staff, 1962). The description
of the profile as a whole can be aided greatly by a
scaled diagram, sketch, or photograph on which the
horizon boundaries are shown (Nikiforoff, 1936).
Range in thickness is conventionally given for each
horizon in each description, but when published in a
soil survey report it covers the range in thickness of
horizons for that soil for the entire survey area.

If the sets of figures for depth and thickness vary
widely, it will be necessary to give the two sets sepa-
rately to avoid confusion. The upper boundary of a
B2 horizon, for example, may lie from 10 to 18 inches
beneath the top of an Al horizon, and the lower
boundary may lie from 20 to 32 inches below the top
of the Al; the thickness may vary from 8 to 16 inches,
not 2 to 22 inches as might be interpreted from the
figures for depth below the top of the Al (Soil Survey
Staff. 1962). Even the figures for thickness and for
depth do not describe very irregular horizons ade-
quately. The main body of the A2 of a Podzol, for
example, may be 5 to 8 inches thick, with an upper
boundary 0 to %-inch deep, and a lower boundary
generally 5 to § inches deep but with irregular tongues
extending down to 18 inches. The lower boundary of
the underlying B2 may vary similarly from as little as
10 inches deep to as much as 24 inches, but with a
thickness of only 4 inches to not more than 12 inches.

In sandy Spodosols with microrelief it is not un-
usual to find tongues of A2 actually bending under
the B2 in such a way that a vertical cut into the soil
will pass through Al, A2, B2, back into a bulging
tongue of A2, then into B2 again, and finally through
the B3 into the C. This example illustrates the need
for a trench for examining soil profiles and especially
for taking samples, to prevent serious errors in inter-
preting what one sces. Many soil horizons have simi-
lar tongues or other discontinuities.
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COLOR OF SOIL HORIZONS

Nearly every soil profile consists of several hori-
zons differing in color. The complete color descrip-
tion must be presented for every soil horizon exam-
ined and described in the field (Soil Survey Staff,
1960, 1951).

Determination of Soil Color

Soil colors are most conveniently measured by
comparison with a color chart (Soil Survey Staff, 1960).
Appendix tables 3 and 4 and appendix figures 1-11
summarize methods of describing soil colors and soil
color chart pages. The color chart generally used with
soil is a modification of the Munsell color chart (Mun-
sell Color Company, 1954) and includes only that
portion needed for soil colors, about one-fifth of the
entire range of color. It consists of some 175 different
colored papers, or chips, systematically arranged, ac-
cording to their Munsell notations, on cards carried in
a loose-leaf notebook. The arrangement is by hue,
value, and chroma—the three simple variables that
combine to give all colors. Hue is the dominant spec-
tral (rainbow) color; it is related to the dominant
wavelength of the light. Value refers to the relative
lightness of color and is a function (approximately the
square root) of the total amount of light. Chroma
(sometimes called saturation) is the relative purity or
strength of the spectral color and increases with de-
creasing grayness.

In the soil color chart, all colors on a given card
are of a constant hue, designated by the symbol in the
upper right-hand corner of the card. Vertically, the
colors become successively lighter by visually equal
steps as their value increases. Horizontally, they in-
crease in chroma to the right and become grayer to
the left. The value and chroma of each color in the
chart is printed immediately beneath the color. The
first number is the value, and the second is the
chroma. As arranged in the chart the colors form three
scales:

1. Radial, or from one card to the next, in hue

2. Vertical in value
3. Horizontal in chroma.
The nomenclature for soil color consists of two
complementary systems:
1. Color names

2. Munsell notation of color.
Neither of these alone is adequate for all purposes.
The color names are employed in all descriptions for
publication and for general use. The Munsell notation
is used to supplement the color names wherever
greater precision is needed, as a convenient abbrevi-
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ation in field descriptions, for expression of the spe-
cific relations between colors, and for statistical treat-
ment of color data. The Munsell notation is especially
useful for international correlation, since no transla-
tion of color names is needed. The names for soil
colors are common terms now so defined as to obtain
uniformity and yet accord, as nearly as possible, with
past usage by soil scientists. Bizarre names like rusty
brown, tan, mouse gray, lemon yellow, and chocolate
brown should never be used.

The Munsell notation for color consists of separate
notations for hue, value, and chroma, which are com-
bined in that order to form the color designation. The
symbol for hue is the letter abbreviation of the color
of the rainbow (R for red; YR for yellow-red, or
orange; Y for yellow) preceded by numbers from 0 to
10. Within each letter range, the hue becomes more
yellow and less red as the numbers increase. The
middle of the letter range is at 5; the zero point coin-
cides with the 10 point of the next redder hue. Thus
SYR is in the middle of the yellow-red hue, which
extends from 10R (zero YR) to 10YR (zero Y).

The notation for value consists of numbers from O
(for absolute black) to 10 (for absolute white). Thus
a color of value 5/ is visually midway between abso-
lute white and absolute black. One of value 6/ is
slightly less dark, 60 percent of the way from black to
white, and midway between values of 5/ and 7/.

The notation for chroma consists of numbers be-
ginning at 0 for neutral grays and increasing at equal
intervals to a maximum of about 20, which is never
really approached in soil. For absolute achromatic
colors (pure grays, white, and black), which have
zero chroma and no hue, the letter N (neutral) takes
the place of a hue designation.

In writing the Munsell notation, the order is hue,
value, chroma, with a space between the hue letter
and the succeeding value number, and a virgule be-
tween the two numbers for value and chroma. If
expression beyond the whole numbers is desired, deci-
mals are always used, never fractions. Thus the nota-
tion for a color of hue 5YR, value 5, chroma 6, is 5YR
5/6, a yellowish red. The notation for a color midway
between the 5YR 5/6 and 5YR 6/6 chips is 5YR 5.5/6;
for one midway between 2.5YR 5/6 and 5YR 6/8, it is
3.75YR 5.5/7. The notation is decimal and capable of
expressing any degree of refinement desired. Since
color determinations cannot be made precisely in the
field (generally no closer than half the interval be-
tween colors in the chart), expression of color should
ordinarily be to the nearest color chip.

In using the color chart, accurate comparison is
obtained by holding the soil sample above the color
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chips being compared. Rarely will the color of the
sample be perfectly matched by any color in the chart.
The probability of having a perfect matching of the
sample color is less than one in one hundred. It should
be evident, however, which colors the sample lies be-
tween and which is the closest match. The principal
difficulties encountered in using the soil color chart
are:

1. In selecting the appropriate hue card

2. In determining colors that are intermediate be-

tween the hues in the chart

3. In distinguishing between value and chroma

where chromas are strong.
In addition, the chart does not include some extreme
dark, strong (low value, high chroma) colors occa-
sionally encountered in moist soils. With experience,
these extreme colors lying outside the range of the
chart can be estimated. Then, too, the ability to sensc
color differences varies among people, even among
those not regarded as color blind.

While important details should be given, long
involved designations of color should generally be
avoided, especially with variegated or mottled colors.
In these, only the extreme or dominant colors need be
stated. Similarly, in giving the color names and Mun-
sell notations for both the dry and moist colors, an
abbreviated form, such as reddish brown (5YR 4/4;
3/4, moist), simplifies the statement,

By attempting detail beyond the allowable accu-
racy of field observations and sample selection, one
may easily make poorer soil descriptions than by ex-
pressing the dominant color simply. In all descrip-
tions, terms other than the ones given on these charts
should be used only in rare instances, and then only
as supplemental expressions in parenthesis where some
different local usage is common.

Patterns of Soil Color

A single horizon may be uniform in color or it may
be streaked, spotted, variegated, or mottled in many
ways (Soil Survey Staff, 1960). Local accumulations
of lime or organic matter may produce a spotted ap-
pearance. Streaks or tongues of color may result from
the seepage downward from overlying horizons of col-
loids, organic matter, or iron compounds. Certain
combinations of mottled colors, mainly the grays and
browns, indicate impeded drainage. The word mot-
tled means marked with spots of color. Some mottled
colors occur unassociated with poor drainage, either
past or present. A mottled or variegated pattern of
colors occurs in many soil horizons and especially in
parent materials that are not completely weathered.

Mottling in soils is described by noting:

1. The color of the matrix and the color, or colors,
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of the principal mottles
2. The pattern of the mottling.
The color of the mottles may be defined by using the
Munsell notation, as with other soil masses, but usu-
ally it is sufficient and even better to use the standard
linguistic equivalents, because precise measurement of
the color of the mottles is rarely significant. In fact,
descriptions of soil horizons containing several Mun-
sell notations are difficult to read rapidly.
The pattern of mottles can be conveniently de-
scribed (Simonson, 1951) by three sets of notations:
1. Contrast
2. Abundance
3. Size.
1. Contrast—Contrast may be described as faint,
distinct, or prominent as follows:

Faint—Indistinct mottles are evident and
recognizable only with close examination. Soil
colors in both the matrix and mottles have
closely related hues and chromas.

Distinct—Although not striking, the mottles
are readily seen. The hue, value, and chroma
of the matrix are easily distinguished from
those of the mottles. They may vary as much
as one or two hues or several units in chroma
or value. The pattern may be one of a contin-
uous matrix with mottles or one of mixtures of
two or more colors.

Prominent—The conspicuous mottles are
obvious and mottling is one of the outstanding
features of the horizon. Hue, chroma, and value
may be several units apart. The pattern may
be one of a continuous matrix with contrasting
mottles or one of mixtures of two or more colors.

2. Abundance—Abundance of mottles can be indi-
cated in three general tentative classes as few, com-
mon, or many, based upon the relative amount of
mottled surface in the unit area of the exposed soil
horizon, as follows:

Few—DMottles occupy less than about 2 per-
cent of the exposed surface.

Common—>\ottles occupy about 2 to 20
percent of the exposed surface.

Many—N>Mlottles occupy more than 20 per-
cent of the exposed surface. This last class can
be further subdivided according to whether the
mottles set in a definite matrix or there is no
clear matrix color,

3. Size—Size refers to the approximate diumeters
of individual mottles. Three relative size classes can
be used as follows:

Fine—Mottles less than 5 mm in diameter
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along the greatest dimension.
Medium—Mottles range between 5 and 15

mm in diameter along the greatest dimension.
Coarse—Mottles are greater than 15 mm in

diameter along the greatest dimension.

In the detailed examination of some soil horizons,
it may be necessary to add still further notes on the
mottling to indicate whether or not the boundaries of
the mottles are sharp (knife-edge), clear (less than
2 mm wide), or diffuse (more than 2 mm wide). Al-
though many mottles are roughly circular in cross-
section, others are elongated and merge into streaks or
tongues. Although, normally, mottling carries no in-
ferences of differences in texture as compared to the
matrix, many soils show mottling in a freshly exposed
horizon because of the slicing of incipient concretions.

In soil descriptions the mottling can be most con-
veniently expressed by describing the mottles as to
abundance, size, contrast, and color, as in the follow-
ing example:

. . . brown silt loam with a few, fine, distinct
reddish-brown and dark gray mottles.

In verbal descriptions of soil mottling intended for
the general reader, part of the elaboration needed in
detailed soil morphology and correlation may be omit-
ted. Thus, starting with the classes according to abun-
dance, descriptions may be written, for example, as
follows:

Few— . . . brown silt loam, slightly mottled
with red and yellow.

Common— . . . brown silt loam, mottled with
red and yellow.

Many—If the matrix is clearly apparent: . . .
brown silt loam, highly mottled with red and
yellow.

If no clear matrix exists: . .
low, and brown silt loam.

. mottled red, yel-

If contrast is not clearly shown by the color names,
the word faintly or prominently may be added. Faint
mottling can be implied as in the following phrase:

. .. brown silt loam, mottled with shades.

If size is important, the word finely or coarsely
may be added, as in the following phrases:

. . coarsely mottled red and yellow clay.
. . . brown silt loam finely and slightly mottled
with reddish brown.

Usually such distinctions are more confusing than
helpful to the lay reader.
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In the description of soil color, special notice
should be taken of any relationships between the color
pattern and structure or porosity. Structural aggre-
gates in the soil must be broken to determine whether
the color is uniform throughout. The black or dark
brown surface color of soil granules is often due to a
thin coating, though the basic color of the soil material
is brown or yellow. When such granules are crushed,
the mass of soil is lighter in color than the original
surfaces of the aggregates. Marked contrast between
the color of the soil aggregates and the color of the
soil when crushed is common. Coatings of red color
often cover structural particles or sand grains. Gray
coatings may be due to a thin film of leached soil
around darker aggregates.

Effects of Moisture on Soil Color

Soil color changes with the moisture content, very
markedly in some soils and comparatively little in
others (Soil Survey Staff, 1960). Between dry and
moist, soil colors commonly are darker by % to 3 steps
in value and may change from —% to 42 steps in
chroma. Seldom are they different in hue. Some of
the largest differences in value between the dry and
moist colors occur in gray and grayish-brown horizons
having moderate to moderately low contents of or-
ganic matter.

Reproducible quantitative measurements of color
are obtained at two moisture contents:

1. Air dry
2. Field capacity.

The latter may be obtained with sufficient accuracy
for color measurements by moistening a sample and
reading the color as soon as visible moisture films have
disappeared. Both the dry and the moist colors are
important. In most notes and soil descriptions, unless
stated otherwise, colors are given for moist soils. Com-
parisons of color among widely separated soils are
facilitated by using the color designation of freshly
broken surfaces of air dry samples. Official descrip-
tions for technical use, such as series descriptions,
should include the moist colors, and preferably, both
dry and moist colors if significantly different.

TEXTURE OF SOIL HORIZONS

Texture refers only to size of mineral particles
comprising soil horizons (Soil Survey Staff, 1960).
Texture is the most permanent and probably the most
important of all soil characteristics. Appendix Table 5
is a simplified list of terms describing soil texture,
coarse fragments, stones, and rocks.
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Soil Separates

Soil separates are the individual size groups of
mineral particles below 2 mm in diameter (Soil Sur-
vey Staff, 1960). Many of the chemical and physical
reactions in soils occur mainly on the surface of the
mineral particles—thus the finer particles are relatively
more important than the larger particles, which may
be relatively inert. Only 4 pounds of dry clay particles
having a diameter of 0.001 mm have a total surface
area of about an acre. The amount of surface exposed
per unit weight drops very rapidly with increasing
diameter until above 0.005 mm in diameter the differ-
ences are small.

The size limits of soil separates are:

Range in diameter
of separate (mm)

Name of separate

Very coarse sand 2.0-1.0
Coarse sand 1.0-0.5
Medium sand 0.5-0.25
Fine sand 0.25-0.10
Very fine sand 0.10-0.05

Silt 0.05-0.002
Clay Less than 0.002

Soil Textural Class Names

Soil samples rarely consist of only one separate
(Soil Survey Staff, 1960). Classes of soil texture are
based on different combinations of sand, silt, and clay.

The basic classes of soil texture, in order of in-
creasing proportions of the fine separates, are:

Basic soil textural class names

Sand

Loamy sand

Sandy loam

Loam

Silt loam

Silt

Sandy clay loam

Clay loam

Silty clay loam

Sandy clay

Silty clay

Clay
The sand textural class has modifiers for very fine, fine,
coarse, or very coarse sand. Modifiers for coarse frag-
ments larger than 2 mm in diameter are also used.
Thus a gravelly sandy loam has about 20 percent or
more gravel in the surface soil horizon. Some regions
may have soil textures that can be described by other
modifiers, like mucky.

The basic soil textural class names are defined in

terms of size distributions as determined by mechan-
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Ficure 1. Textural triangle showing the percentages of clay
(less than 0.002 mm), silt (0.002-0.05 mm), and sand (0.50-
2.0 mm) in the basic soil textural classes (adapted from Soil
Survey Staff, 1951).

ical analysis in the laboratory (Kilmer and Alexander,
1949). Definition of the basic classes are set forth in
graphic form in Figure 1 and Appendix Figure 12.

Definitions of Soil Textural Classes

Verbal definitions (Soil Survey Staff, 1960) of soil
textural classes, defined according to size distribution
of mineral particles less than 2 mm in diameter, are as
follows:

Sand—Soil material that contains 85 percent or
more sand. Silt, plus 1% times the percentage of
clay, shall not be more than 15 percent.

Coarse sand—25 percent or more very coarse
and coarse sand, and less than 50 percent any
other one grade of sand.

Sand—235 percent or more very coarse, coarse,
and medium sand, and less than 50 percent fine
or very fine sand.

Fine sand—50 percent or more fine sand or less
than 25 percent very coarse, coarse, and me-
dium sand and less than 50 percent very fine
sand.

Very fine sand—30 percent or more very fine
sand.
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Loamy sand—Soil material that contains at the
upper limit 85 to 90 percent sand, and the per-
centage of silt plus 1} times the percentage of
clay is not less than 15. At the lower limit it
contains not less than 70 to 85 percent sand,
and the percentage of silt plus twice the per-
centage of clay does not exceed 30.

Loamy coarse sand—25 percent or more very
coarse and coarse sand, and less than 50 per-
cent any other one grade of sand.

Loamy sand—25 percent or more very coarse,
coarse, and medium sand, and less than 50 per-
cent fine or very fine sand.

Loamy fine sand—>50 percent or more fine sand
or less than 25 percent very coarse, coarse, and
medium sand and less than 50 percent very fine
sand.

Loamy very fine sand—50 percent or more very
fine sand.

Sandy loam—Soil material that contains either 20
percent clay or less, and the percentage of silt
plus twice the percentage of clay exceeds 30,
and 52 percent or more sand; or less than 7
percent clay, less than 50 percent silt, and be-
tween 43 percent and 52 percent sand.

Coarse sandy loam—25 percent or more very
coarse and coarse sand and less than 50 percent
any other one grade of sand.

Sandy loam—30 percent or more very coarse,
coarse, and medium sand, but less than 25 per-
cent very coarse sand, and less than 30 percent
very fine or fine sand.

Fine sandy loam—30 percent or more fine sand
and less than 30 percent very fine sand or be-
tween 15 and 30 percent very coarse, coarse,
and medium sand.

Very fine sandy loam—30 percent or more very
fine sand or more than 40 percent fine and very
fine sand, at least half of which is very fine sand
and less than 15 percent very coarse, coarse,
and medium sand.

Loam—Soil material that contains 7 to 27 percent
clay, 28 to 50 percent silt, and less than 52 per-
cent sand.

Silt loam—Soil material that contains 50 percent or
more silt and 12 to 27 percent clay or 50 to 80
percent silt and less than 12 percent clay.

Silt—Soil material that contains 80 percent or more
silt and less than 12 percent clay.

Sandy clay loam—Soil material that contains 20 to
35 percent clay, less than 28 percent silt, and
45 percent or more sand.

Clay loam—Soil material that contains 27 to 40

Google

Kansas Geol. Survey Bull. 212, 1976

percent clay and 20 to 45 percent sand.

Silty clay loam—Soil material that contains 27 to
40 percent clay and less than 20 percent sand.

Sandy clay—Soil material that contains 35 percent
or more clay and 45 percent or more sand.

Silty clay—Soil material that contains 40 percent
or more clay and 40 percent or more silt.

Clay—Soil material that contains 40 percent or
more clay, less than 45 percent sand, and less
than 40 percent silt.

General Grouping of Soil Textural Classes

The need for fine distinctions in the texture of soil
horizons causes a large number of soil textural classes
(Soil Survey Staff, 1960). Often it is convenient to
speak generally of a broad group of textural classes.
An outline of acceptable general terms in relation to
the basic soil textural class names, in three and five
classes, follows:

General terms
Sandy soils Coarse textured soils
Sand
Loamy sand

Textural class names

Loamy soils
Moderately coarse textured soils
Sandy loam
Fine sandy loam
Medium textured soils
Very fine sandy loam
Loam
Silt loam
Silt
Moderately fine textured soils
Clay loam
Sandy clay loam
Silty clay loam
Clayey soils Fine textured soils
Sandy clay
Silty clay
Clay

Field Definitions of Soil Textures

Field determination of texture often differs from
mechanical analyses of soil samples, even by experi-
enced soil scientists. Often these field errors are due
to content of organic matter, kind of clay, and size
and shape of soil particles. Errors in laboratory analy-
sis also may be due to dispersion differences, temper-
ature variations, different methods of analysis, and
other factors. Nevertheless, it is the duty of each soil
scientist to adjust his judgments of field texture with
familiar samples that have been analyzed in the labo-
ratory.
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The following definitions (Soil Survey Staff, 1960;
Shaw, 1928) enable some judgment of the basic soil
textural classes in terms of field experience and feel:

Sand—Sand is loose and single grained. The indi-
vidual grains can readily be seen or felt.
Squeezed in the hand when dry it will fall
apart when the pressure is released. Squeezed
when moist, it will form a cast, but will crum-
ble when touched.

Sandy loam—A sandy loam is a soil containing
much sand but which has enough silt and clay
to make it somewhat coherent. The individual
sand grains can readily be seen and felt.
Squeezed when dry, it will form a cast that will
readily fall apart, but if squeezed when moist a
cast can be formed that will bear careful han-
dling without breaking.

Loam—A loam is a soil having a relatively even
mixture of different grades of sand and of silt
and clay. It is mellow with a somewhat gritty
feel, yet fairly smooth and slightly plastic.
Squeezed when dry, it will form a cast that will
bear careful handling, while the cast formed by
squeezing the moist soil can be handled quite
freely without breaking.

Silt loam—A silt loam is a soil having a moderate
amount of the fine grades of sand and only a
small amount of clay, over half of the particles
being of silt size. When dry it may appear
cloddy but the lumps can be readily broken,
and when pulverized it feels soft and floury.
When wet the soil readily runs together and
puddles. Either dry or moist it will form casts
that can be freely handled without breaking,
but when moistened and squeezed between
thumb and finger it will not ribbon but will
give a broken appearance.

Clay loam—A clay loam is a fine textured soil that
usually breaks into clods or lumps that are hard
when dry. When the moist soil is pinched be-
tween the thumb and finger it will form a thin
ribbon that will break readily, barely sustaining
its own weight. The moist soil is plastic and
will form a cast that will bear much handling.
When kneaded in the hand it does not crumble
readily but tends to work into a heavy compact
mass.

Clay—A clay is a fine textured soil that usually
forms very hard lumps or clods when dry and
is quite plastic and usually sticky when wet.
When the moist soil is pinched out between the
thumb and fingers it will form a long flexible
ribbon. Some fine clays very high in colloids
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are friable and lack plasticity in all conditions
of moisture.

Coarse Fragments

Coarse fragments (Soil Survey Staff, 1960) should
be estimated for each soil horizon, as well as for the
soil surface. Even estimates are not very reliable, and
wherever necessary coarse fragments can be sampled,
weighed, or volumes measured. Significant propor-
tions of fragments coarser than very coarse sand and
less than 10 inches (if rounded) or 15 inches along
the longer axis (if flat) are recognized by an appro-
priate adjective in the textural soil class name. Such
fragments are regarded as a part of the soil mass.
They influence moisture storage, infiltration, and run-
off. They influence root growth, especially through
their dilution of the mass of active soil. They protect
the fine particles from washing and blowing. They are
moved with the soil mass in tillage.

Many names and standards have been proposed by
geologists and soil scientists for these fragments. Fine
distinctions are easily made, but not always easily
mapped, because the fragments are easy to see; but
finer distinctions than those set forth in Table 8 have
little or no real significance to soil genesis or behavior.
Other variables, like the mineralogy of the clays or
the nature of the organic matter, are far more impor-
tant. The scientist must guard against making finer
distinctions among the coarse fragments than those of
real significance, simply because he can see them eas-
ily in the field.

The accepted adjectives to include in textural soil
class names and the size limits of classes of coarse
fragments are set forth in outline form in Table 8. This
table includes the probable maximum of detail re-
quired for detailed basic soil surveys. In situations
where no useful purpose is served by developing sepa-
rate map units to indicate the separate classes, the
classes are grouped and a name is given to the soil
type or soil phase that most clearly indicates the situ-
ation. Thus a cobbly loam or a stony phase may in-
clude other fragments also listed in the two right hand
columns. In this section only fragments smaller than
stones are discussed.

The adjectives listed in the first two columns of
Table 8 are incorporated into the soil textural class
designations of horizons when the soil mass contains
significant proportions of the fragments, above 15 to
20 percent by volume, depending upon the other soil
characteristics. These class names become parts of
soil type names. Where the coarse fragments make up
90 percent or more of the soil mass by volume in the
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TasLe 8. Names for coarse fragments in soils (Soil Survey
Staff, 1960).

Shape and kind
of fragments

Size and name of fragments

Up to 3 inches 3-10 inches More than 10 in.
in diameter  in diameter  in diameter

Rounded and subrounded
fragments

(all kinds of rock) Gravelly Cobbly Stony or
bouldery®
Irregularly shaped
angular fragments:
Chert Cherty Coarse Stony
cherty
Other than chert Angular Angular  Stony
gravelly cobbly
Up to 6 inches 6-15 inches More than 15 in.
in length in length in length
Thin flat fragments:
Thin, flat sandstone,
limestone, and schist ~ Channery  Flaggy Stony
Slate Slaty Flaggy Stony
Shale Shaly Flaggy Stony

° Bouldery is used where stones are larger than 24 inches.

upper eight inches, the land is classified in the appro-
priate miscellaneous land type. If necessary to make
distinctions of clear significance, another subdivision
can be made of the coarse fragments at about 50 per-
cent to give, for example, gravelly loam (20-50 per-
cent gravel) and very gravelly loam (50-90 percent
gravel). The other defined fragments may be handled
similarly.

The recommended terms to apply to soil contain-
ing above 15 to 20 percent and less than 90 percent
coarse fragments smaller than stones are defined as
follows:

Channery—Soils contain fragments of thin flat
sandstone, limestone, or schist up to 6 inches
along the longer axis. A single piece is a frag-
ment.

Cherty—Soils have angular fragments that are less
than 3 inches in diameter, more than 75 percent
of which are chert. Coarse cherty soils have
fragments of 3 to 10 inches. Unless the size
distinction is significant to the use capability of
the soil, the cherty soil includes the whole
range up to 10 inches. Most cherty soils are
developed from weathered cherty limestone. A
single piece is a chert fragment.

Cobbly—Soils have rounded or partially rounded
fragments of rock ranging from 3 to 10 inches
in diameter. Angular cobbly soils have frag-
ments that are not rounded. A single piece is a
cobblestone.

Flaggy—Soils contain relatively thin fragments 6
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to 15 inches long of sandstone, limestone, slate,
or rarely schist. A single piece is a flagstone.
Gravelly—Soils have rounded or angular frag-
ments, not prominently flattened, up to 3 inches
in diameter. If 75 percent or more of the frag-
ments are chert, the soils are called cherty. In
descriptions, soils with pebbles mostly over 2
inches in diameter may be called coarsely grav-
elly soils, and those with pebbles mostly under
one-half inch in diameter may be called finely
gravelly soils. An individual piece is a pebble.
The term gravel refers to a mass of pebbles.

Shaly—Soils have flattened fragments of shale less
than 6 inches along the longer axis. A single
piece is a shale fragment.

Slaty—Soils contain fragments of slate less than 6
inches along the longer axis. A single piece is
a slate fragment.

Stony—Soils contain rock fragments larger than 10
inches in diameter (if rounded) and longer
than 15 inches along the longer axis (if flat).

Stones and Rocks

Stones larger than 10 inches in diameter and rock
outcrops are not regarded as part of the soil mass as
defined by soil textural classes (Soil Survey Staff,
1960). They have an important bearing on soil use,
however, because of their interference with the use of
agricultural machinery and their dilution of the soil
mass. In fact, stoniness, rockiness, or both, are the
differentiating criteria between classes of arable soil
and between arable and nonarable soil in many
places. In large part the soils developed from glacial
till, for example, especially where the till is thin, have
characteristics that make them highly responsive to
management, except for stoniness. Soil scientists have
sometimes neglected this factor, perhaps in part be-
cause it is a difficult problem to deal with in the field.
Several otherwise useful published soil surveys have
failed in their objectives because of the failure to es-
tablish meaningful classes of stoniness. Although de-
tailed attention was given soil color, texture, geology,
slope, erosion, depth, and the like, stoniness was so
carelessly evaluated that the maps cannot be used to
distinguish between potential cropland, pasture land,
and forest land, in descending order of intensity.

The suggestions that follow differentiate between
loose stones and fixed stones and provide classes
within cach as required in basic detailed surveys. Ad-
mittedly the suggestions are especially aimed to deal
with the most complicated situations—where both
loose stones and fixed stones exist and influence soil-
use capability differently and where the soils are oth-
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erwise suitable for intensive use. Generally, loose
stones are scattered over the soil, while rock ledges
are more concentrated in strips with relatively rock-
free soil between. Such situations are most common
in glaciated regions with thin drift, as in New England
and parts of the northern Lake States.

Outside the glaciated regions, loose stones are less
abundant, although by no means uncommon. In some
sections of the country, soils containing fixed stones
(rocky soils as here defined), some loose fragments 3
to 10 inches in diameter, and some stones have been
called stony for many years. Where no useful purpose
is served by dividing into additional types and phases,
it should not be done. Thus the classes proposed for
stoniness and rockiness may be grouped in the defi-
nition of any individual map unit.

Stoniness

Stoniness (Soil Survey Staff, 1960) refers to the
relative proportion of stones over 10 inches in diam-
eter in or on the soil. The significance of a given
number or amount of stones may depend upon the
other soil characteristics. If a soil is exceedingly re-
sponsive to management for lawns or improved pas-
ture, differences between even high degrees of stoni-
ness are significant and may warrant separate map
units, as for example an extremely stony phase of a
soil type differentiated from the miscellaneous land
type of stony land.

The limits of the classes of stoniness are defined
broadly in absolute terms and more specifically in
terms of soil use wherever the other soil characteristics
are favorable for crops or improved pasture. The able
soil classifier avoids fine distinctions according to stoni-
ness where they are not significant as clearly as he
recognizes them where they are significant. This
means that in the descriptive soil legend and in the
soil survey report, stony phases need to be defined
within the soil series and types. The classes of stoni-
ness are used in definitions of all units of soil classi-
fication and may become one criterion for soil series as
well as the sole criterion for distinctions among phases
within the soil series or soil types.

Classes of stoniness are:

Class 0—No stones or too few to interfere with
tillage. Stones cover less than 0.01 percent of
the area.

Class 1—Sufficient stones to interfere with tillage
but not to make intertilled crops impracticable.
If stones are one foot in diameter and about 30
to 100 feet apart, they occupy about 0.01 to 0.1
percent of the surface, and there are about 0.15
to 1.5 cubic yards of stones per acre-foot.
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Class 2—Sufficient stones to make tillage of inter-
tilled crops impracticable, but the soil can be
worked for hay crops or improved pasture if
other soil characteristics are favorable. If stones
are one foot in diameter and about 5 to 30 feet
apart, they occupy about 0.1 to three percent
of the surface, and there are about 1.5 to 50
cubic yards of stones per acre-foot.

Class 3—Sufficient stones to make all use of ma-
chinery impracticable, except for very light
machinery or hand tools where other soil char-
acteristics are especially favorable for improved
pasture. Soils with this class of stoniness may
have some use for wild pasture or forests, de-
pending on other soil characteristics. If stones
are one foot in diameter and about 2.5 to five
feet apart, they occupy about three to 15 per-
cent of the surface, and there are about 50 to
240 cubic yards of stones per acre-foot.

Class 4—Sufficient stones to make all use of ma-
chinery impracticable; the land may have some
value for poor pasture or for forestry. If stones
are one foot in diameter and are about 2.5 feet
or less apart, they occupy 15 to 90 percent of
the surface, and there are more than 240 cubic
yards of stones per acre-foot.

Class 5—Rubble. Land essentially paved with
stones that occupy more than 90 percent of the
exposed surface.

It should be emphasized that these classes are for
general application in soil descriptions. They may or
may not be used as phase distinctions. In other words
a map unit may be defined in terms of more than one
class of stoniness. Some individual soils may be de-
fined in terms of classes of stoniness, classes of rocki-
ness, and classes of coarse fragments. Stoniness is not
a part of the soil textural class. The terms stony, very
stony, or extremely stony may modify the soil textural
class name in the soil type, but this is simply a brief
way of designating stony phases. Soil series descrip-
tions need to include the range of stoniness in terms
of classes 0, 1, 2, and 3.

Rockiness

Rockiness (Soil Survey Staff, 1960) refers to the
relative proportion of bedrock exposures, either rock
outcrops or patches of soil too thin over bedrock for
use, in a soil area (soil map unit). The word rocky is
used arbitrarily for soils having fixed rock (bedrock).
The word stony is used for soils having loose detached
fragments of rock.

The classes of rockiness, as of stoniness, are given
broad definitions in absolute terms and more specific
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definitions in terms of soil use for those soils otherwise
suitable for crops or improved pasture. Soil areas hav-
ing the same definitions in terms of area of bedrock
exposure may vary widely in the depth of soils be-
tween the rock outcrops. Such distinctions need to be
made within the soil series definitions and map unit
descriptions. As with stoniness, the classes of rocki-
ness are used in soil series descriptions and can be-
come one criterion for series distinctions or the sole
criterion for phase distinctions. Two or more classes
may be combined in one map unit. Some map units
may also have classes of stoniness and of coarse frag-
ments.

The relationships to soil use suggested in the defi-
nitions of the classes apply mainly to areas of soil in
humid regions that are otherwise responsive to man-
agement. The definitions of actual soil phases must
take account of the alternative management practices
that can be used for seeding, harvesting, weed con-
trol, and the like.

In each descriptive legend and soil survey report,
rocky phases need to be defined specifically within
each soil map unit and soil type.

The classes of rockiness are:

Class 0—No bedrock exposures or too few to inter-
fere with tillage. Less than two percent bed-
rock exposed.

Class 1—Sufficient bedrock exposures to interfere
with tillage but not to make intertilled crops
impracticable. Depending upon how the pat-
tern affects tillage, rock exposures are roughly
100 to 300 feet apart and cover about two to 10
percent of the surface.

Class 2—Sufficient bedrock exposures to make till-
age of intertilled crops impracticable, but soil
can be worked for hay crops or improved pas-
ture if the other soil characteristics are favor-
able. Rock exposures are roughly 30 to 100 feet
apart and cover about 10 to 23 percent of the
surface, depending upon the pattern.

Class 3—Sufficient rock outcrop to make all use of
machinery impracticable, except for light ma-
chinery where other soil characteristics are es-
pecially favorable for improved pasture. May
have some use for wild pasture or forests, de-
pending on the other soil characteristics. Rock
exposures, or patches of soil too thin over rock
for use, are roughly 10 to 30 feet apart and
cover about 25 to 50 percent of the surface,
depending upon the pattern.

Class 4—Sufficient rock outcrop or very thin soil
over rock to make all use of machinery imprac-
ticable. The land may have some value for
poor pasture or for forestry. Rock outcrops are
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about 10 feet apart or less and cover 50 to 90
percent of the area.

Class 5—Rock outcrop. Land with over 90 percent
of the surface comprised of exposed bedrock.

STRUCTURE OF SOIL HORIZONS

Soil structure (Soil Survey Staff, 1960) refers to
the aggregation of primary soil particles into com-
pound particles, or clusters of primary particles, which
are separated from adjoining aggregates by surfaces
of weakness. The exteriors of some aggregates have
thin, often dark colored, surface films which perhaps
help to keep them apart. Other aggregates have sur-
faces and interiors of like color, and the forces holding
the aggregates together appear to be wholly internal.
Appendix Table 6 lists terms used to describe soil
structure, and Appendix Figures 13-16 give size limits
for different types of structure.

An individual natural soil aggregate is called a
ped, in contrast to:

1. A clod, caused by disturbance such as plowing
or digging, that molds the soil to a transient
mass that slakes with repeated wetting and
drying.

2. A fragment caused by rupture of the soil mass
across natural surfaces of weakness.

3. A concretion caused by local concentrations of
compounds that irreversibly cement the soil
grains together.

The importance of soil structure in soil classifica-
tion and in influencing soil productivity can scarcely
be overemphasized. The capability of any soil for the
growth of plants and its response to management de-
pends as much on its structure as on its fertility. Gen-
erally, in the United States, soils with aggregates of
spheroidal shape have much pore space between ag-
gregates, have more rapid permeability, and are more
productive than soils of comparable fertility that are
massive or even coarsely blocky or prismatic. In other
parts of the world, some soils are overgranulated.
Some soils in the tropics have such well-developed
spheroidal peds that the moisture holding capacity is
low, too few contacts exist between roots and soil, and
as a consequence the soils are relatively unproductive.

Field descriptions of soil structure note:

1. The shape and arrangement
The size
The distinctness and durability of the visible
aggregates or peds.

Ficld terminology for structure consists of separate
sets of terms designating each of these three qualities,
which by combination form the names for structure.
Shape and arrangement of peds are designated as type

SN
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of soil structure; size of peds, as class; and degree of
distinctness, as grades (Nikiforoff, 1941). The struc-
tural pattern of a soil horizon also includes the shapes
and sizes of pore spaces as well as those of the peds
themselves.

There are four primary types of structure (Soil

Survey Staff, 1960):

1. Platy, with particles arranged around a plane,
generally horizontal.

2. Prismlike, with particles arranged around a
vertical line and bounded by relatively flat ver-
tical surfaces.

3. Blocklike or polyhedral, with particles arranged
around a point and bounded by flat or rounded
surfaces which are casts of the molds formed
by the faces of surrounding peds.

4. Spheroidal or polyhedral, with particles ar-
ranged around a point and bounded by curved
or very irregular surfaces that are not accom-
modated to the adjoining aggregates.

Each of the last three types have two subtypes. Under
prismlike the subtypes are prismatic (without rounded
upper ends) and columnar (with rounded caps). The
subtypes of blocklike are angular hlocky (bounded by
planes intersecting at relatively sharp angles) and
subangular blocky (having mixed rounded and plane
faces with vertices mostly rounded). If the term
blocky is used alone, angular blocky is understood.
Spheroidal is subdivided into granular (relatively non-
porous) and crumb (very porous). Fach type of
structure includes peds that vary in shape, and de-
tailed soil descriptions may require supplemental
statements about the shape of the individual peds.

The names in the preceding paragraph placed in
italics are the terms most used in descriptions of soil
horizons. The word nut has been used for blocklike
peds, but is not recommended; the word nuciform has
been an optional alternative for subangular blocky,
but subangular blocky is recommended. It is difficult
for many to dissociate a size connotation from terms
like nut and nuciform. For this reason some confuse
very fine blocky with granular. Terms used to desig-
nate types of soil structure refer only to shape and
arrangement and do not specify size.

Five size classes are recognized in each of the pri-
mary types. The names of these and their size limits,
which vary with the four primary types for shape and
arrangement, are given in Table 9.

Grade of structure is the degree of aggregation
and expresses the differential between cohesion within
aggregates and adhesion between aggregates. In field
practice, grade of structure is determined mainly by
noting the durability of the aggregates and the pro-
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portions between aggregated and unaggregated mate-
rial that result when the aggregates are displaced or
gently crushed. Grade of structure varies with the
moistening of the soil and should be described at the
most important moisture contents of the soil horizon.
The principal description of the structure of a soil
horizon should refer to its normal moisture content,
although attention should be called to any striking
contrasts in structure under other moisture conditions
to which the soil is subject. If grade is designated at
an unstated moisture content, it is assumed that the
soil is nearly dry or only very slightly moist, which is
commonly that part of the range in soil moisture in
which soil structure is most strongly expressed.

With exposure, structure may become much al-
tered, often much stronger. Old road cuts are not suit-
able places to determine the grade of structure, but
they often offer a clue to the type of structure present
where the grade is so weak that it cannot be identified
in the undisturbed soil.

Terms for grade of structure are as follows:

0. Structureless—That condition in which there is
no observable aggregation or no definite orderly
arrangement of natural lines of weakness.
Massive if coherent; single grain if noncoherent.

1. Weak—That degree of aggregation character-
ized by poorly formed indistinct peds that are
barely observable in place. When disturbed,
soil material that has this grade of structure
breaks into a mixture of few entire peds, many
broken peds, and much unaggregated material.
If necessary for comparison, this grade may be
subdivided into very weak and moderately
weak.

1o

Moderate—That grade of structure character-
ized by well-formed distinct peds that are mod-
erately durable and evident but not distinct in
undisturbed soil. Soil material of this grade,
when disturbed, breaks down into a mixture of
many distinct entire peds, some broken peds,
and little unaggregated material.

3. Strong—That grade of structure characterized
by durable peds that are quite evident in un-
displaced soil, that adhere weakly to one an-
other, and that withstand displacement and be-
come separated when the soil is disturbed.
When removed from the profile, soil material
of this grade of structure consists very largely
of entire peds and includes few broken peds
and little or no unaggregated material. If nec-
essary for comparison, this grade may be sub-
divided into moderately strong and very strong.

The sequence followed in combining the three
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terms to form the compound name of the structure is:

1. Grade (Distinctness)

2. Class (Size)

3. Type (Shape).
For example, the designation for the soil structure in
which the peds are loosely packed and roundish but
not extremely porous, dominantly between 1-2 mm in
diameter, and quite distinct is strong fine granular.
The designation of structure by grade, class, and type
can be modified with other appropriate terms wher-
ever necessary to describe other characteristics of the
peds.

Many soil horizons have compound structure con-
sisting of one or more sets of smaller peds held to-
gether as larger peds. Compound structures are de-
scribed, for example, as compound moderate very
coarse prismatic and moderate medium granular. Soil
that has one structural form when in place may as-
sume some other form when disturbed. When re-
moved, the larger peds may fall into smaller peds,
such as large prisms into medium blocks.

With increasing disturbance or pressure any aggre-
gate breaks into smaller particles. These finer par-
ticles may or may not be peds, depending on whether
their form and size are determined by surfaces of
weakness between natural aggregates or by the place
and direction of the pressures applied. Mere breakage
into fragments larger than the soil grains without some
orderly shape and size should not be confused with
soil structure. Massive soil horizons, without struc-
ture, can be shattered into fragments—like broken
glass. Such fragments are not peds.

CONSISTENCE OF SOIL HORIZONS

Soil consistence (Soil Survey Staff, 1960) comprises
the attributes of soil material that are expressed by
the degree and kind of cohesion and adhesion or by
the resistance to dcformation or rupture. Appendix
Tables 7 and 8 list and describe terms for consistence
of soil horizons. Every soil material has consistence
irrespective of whether the mass be large or small, in
a natural condition or greatly disturbed, aggregated
or structureless, moist or dry. Although cousistence
and structure are interrelated, structure deals with
the shape, size, and definition of natural aggregates
that result from variations in the forces of attraction
within a soil mass, whereas consistence deals with the
strength and nature of such forces themselves. Soil
consistence is closely related to the Atterberg limits,
and is particularly critical for engineering uses of soils
(Olson, 1972; Soil Survey Staff, 1971).

The terminology for consistence includes separate
terms for description at three standard moisture con-
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tents (dry, moist, and wet). If moisture conditions
are not stated in using any consistence term, the mois-
ture condition is that under which the particular term
is defined. Thus, the word friable used without state-
ment of the moisture content specifies friable when
moist; the word hard used alone means hard when
dry; and the word plastic used alone means plastic
when wet. If a term is used to describe consistence
at some moisture content other than the standard con-
dition under which the term is defined, a statement of
the moisture condition is essential. Usually it is un-
necessary to describe consistence at all three standard
moisture conditions. The consistence when moist is
commonly the most significant, and a soil description
with this omitted is not complete; the consistence
when dry is generally useful but may be irrelevant in
descriptions of soil materials that are never dry; and
the consistence when wet is unessential in the descrip-
tion of many soils but extremely important in some.

Although evaluation of consistence involves some
disturbance, unless otherwise stated the descriptions
of consistence customarily refer to that of soil from
undisturbed horizons. In addition, descriptions of
consistence under moist or wet conditions carry an
implication that disturbance causes little modification
of consistence or that the original consistence can be
almost restored by pressing the material together.
Where such an implication is misleading, as in com-
pacted layers, the consistence both before and after
disturbance may require separate description. Also
compound consistencies occur, as in a loose mass of
hard granules. In a detailed description of soils hav-
ing compound structure, the consistence of the mass as
a whole and of its parts should be stated.

A number of terms, including brittle, crumbly,
dense, elastic, fluffy, mealy, mellow, soft, spongy, stiff,
tight, tough, and some others, which have often been
used in description of consistence, are not here de-
fined. These are all common words with well-known
meanings. Some are indispensable for describing un-
usual conditions not covered by other terms. They are
useful in nontechnical descriptions where a little accu-
racy may be sacrificed to use a term familiar to lay
readers. \Whenever needed, these or other terms for
consistence not here defined should be employed with
meanings as given in standard dictionaries.

The terms used in soil descriptions for consistence
follow.

Consistence when Dry

The consistence of soil materials (Soil Survey Staff,
1960) when dry is characterized by rigidity, brittle-
ness, maximum resistance to pressure, more or less
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tendency to crush to a powder or to fragments with
rather sharp edges, and inability of crushed material
to cohere again when pressed together. To evaluate,
select an air-dry mass and break in the hand.

0. Loose—Noncoherent

1. Soft—Soil mass is very weakly coherent and
fragile; breaks to powder or individual
grains under very slight pressure.

2. Slightly hard—Weakly resistant to pressure;
easily broken between thumb and forefinger.

3. Hard—Moderately resistant to pressure; can be
broken in the hands without difficulty but is
rarely breakable between thumb and fore-
finger.

4. Very hard—Very resistant to pressure; can be
broken in the hands only with difficulty; not
breakable between thumb and forefinger.

5. Extremely hard—Extremely resistant to pres-
sure; cannot be broken in the hands.

Consistence when Moist

Consistence when moist (Soil Survey Staff, 1960)
is determined at a moisture content approximately
midway between air dry and field capacity. At this
moisture content most soil materials exhibit a form of
consistence characterized by:

1. Tendency to break into smaller masses rather

than into powder

2. Some deformation prior to rupture

3. Absence of brittleness

4. Ability of the material after disturbance to co-

here again when pressed together.
The resistence decreases with moisture content, and
accuracy of field descriptions of this consistence is
limited by the accuracy of estimating moisture con-
tent. To evaluate this consistence, select and attempt
to crush in the hand a mass that appears slightly
moist.

0. Loose—Noncoherent

1. Very friable—Soil material crushes under very
gentle pressure but coheres when pressed
together.

2. Friable—Soil material crushes easily under gen-
tle to moderate pressure between thumb
and forefinger, and coheres when pressed
together.

3. Firm—Soil material crushes under moderate
pressure between thumb and forefinger but
resistance is distinctly noticeable.

4. Very firm—Soil material crushes under strong
pressure; barely crushable between thumb
and forefinger,

5. Extremely firm—Soil material crushes only un-
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der very strong pressure; cannot be crushed
between thumb and forefinger and must be
broken apart bit by bit.

The term compact denotes a combination of firm
consistence and close packing or arrangements of par-
ticles and should be used only in this sense. It can
be given degrees by use of the adjectives very and
extremely.

Consistence when Wet

Consistence when wet (Soil Survey Staff, 1960) is
determined at or slightly above field capacity.

A. Stickiness—Stickiness is the quality of adhesion
to other objects. For field evaluation of stick-
iness, soil material is pressed between thumb
and finger and its adherence noted. Degrees of
stickiness are described as follows:

0. Nonsticky—After release of pressure, prac-
tically no soil material adheres to thumb
or finger.

1. Slightly sticky—After pressure, soil material
adheres to both thumb and finger but
comes off one or the other rather cleanly.
It is not appreciably stretched when the
digits are separated.

2. Sticky—After pressure, soil material adheres
to both thumb and finger and tends to
stretch somewhat and pull apart rather
than pulling free from either digit.

3. Very sticky—After pressure, soil material
adheres strongly to both thumb and fore-
finger and is decidedly stretched when
they are separated.

B. Plasticity—Plasticity is the ability to change
shape continuously under the influence of an
applied stress and to retain the impressed shape
on removal of the stress. For field determina-
tion of plasticity, roll the soil material between
thumb and finger and observe whether or not
a wire or thin rod of soil can be formed. If
helpful to the reader of particular descriptions,
state the range of moisture content within
which plasticity continues, as plastic when
slightly moist or wetter, plastic when moder-
ately moist or wetter, and plastic only when
wet, or as plastic within a wide, medium, or
narrow range of moisture content. Express de-
gree of resistance to deformation at or slightly
above field capacity as follows:

0. Nonplastic—No wire is formable.
1. Slightly plastic—Wire formable but soil
mass easily deformable.

Plastic—Wire formable and moderate pres-

1o
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sure required for deformation of the soil
mass.

3. Very plastic—Wire formable and much
pressure required for deformation of the
soil mass.

Cementation

Cementation of soil material refers to a brittle hard
consistence caused by some cementing substance other
than clay minerals, such as calcium carbonate, silica,
or oxides or salts of iron and aluminum. Typically the
cementation is altered little if any by moistening; the
hardness and brittleness persist in the wet condition.
Semireversible cements, which generally resist mois-
tening but soften under prolonged wetting, occur in
some soils and give rise to soil layers having a cemen-
tation that is pronounced when dry but very weak
when wet. Some layers cemented with calcium car-
bonate soften somewhat with wetting. Unless stated
to the contrary, descriptions of cementation imply that
the condition is altered little if any by wetting. If the
cementation is greatly altered by moistening, it should
be so stated. Cementation may be either continuous
or discontinuous within a given horizon.

1. Weakly cemented—Cemented mass is brittle

and hard but can be broken in the hands.

2. Strongly cemented—Cemented mass is brittle

and harder than can be broken in the hand
but is easily broken with a hammer.

3. Indurated—Very strongly cemented; brittle,

does not soften under prolonged wetting,
and is so extremely hard that for breakage a
sharp blow with a hammer is required; ham-
mer generally rings as a result of the blow.

REACTION OF SOIL HORIZONS

The intensity of soil acidity or alkalinity (Soil Sur-
vey Staff, 1951) is expressed in pH—the logarithm of
the reciprocal of the H+ ion concentration. With this
notation, pH 7 is neutral; lower values indicate acid-
ity; and higher values show alkalinity. Soil horizons
vary in pH from about 3 to about 10. The correspond-
ing terms used for pH ranges in soils are:

Term pH
Extremely acid Below 4.5
Very strongly acid 4.5-5.0
Strongly acid 5.1-5.5
Medium acid 5.6-6.0
Slightly acid 6.1-6.5
Neutral 6.6-7.3
Mildly alkaline 7.4-7.8
Moderately alkaline 7.9-84
Strongly alkaline 8.5-9.0

Very strongly alkaline 9.1 and higher
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Colorimetric methods (Reed and Cummings, 1945)
arce generally used for determining pH of soil in the
field. These methods use indicator dyes with a small
sample of soil on a spot plate. The reagent color,
when reacted with soil, is compared with color stand-
ards on a color chart. These methods give satisfactory
results on mineral soils between about pH 4.5 and pH
7.5. An experienced soil tester should expect results
within 0.2 to 0.4 units of the pH values determined
electrometrically. Common specific indicators used in
the field and their pH ranges are:

Indicator pH Range
Bromcresol green 3.8-5.6
Chlorphenol red 5.2-6.8
Bromthymol blue 6.0-7.6
Phenol red 6.8-84
Cresol red 7.2-8.8
Thymol blue 8.0-9.6

The presence of free carbonates in the soil may be
tested with 10 percent hydrochloric acid. Efferves-
cence indicates CO. in the reaction:

CﬂCO;{ —+— 2IICl » CO_! T + CaC]g + H)_O

BOUNDARY OF SOIL HORIZONS

Soil horizon boundaries (Soil Survey Staff, 1962)

vary in:

1. Distinctness

2. Surface topography.
Some boundaries are clear and sharp while others are
diffuse (gradually merging into one another). With
diffuse horizons, the location of the boundary requires
time-consuming comparisons of small samples of soil
from various parts of the profile until the midpoints
are established. Small markers can be inserted until
all horizons of the profile are designated; then meas-
urements can be taken; and finally the individual hori-
zons can be described and sampled.

The distinction of the horizons to the observer de-
pends partly upon the contrast between them—some
adjacent ones are highly contrasting in several features
—and partly upon the width of the boundary itself or
the amount of the profile in the transition between one
horizon and the next. The characteristic widths of
boundaries between soil horizons may be described as:

1. Abrupt—If less than 1 inch wide

2. Clear—If about 1-2% inches wide

3. Gradual—If 24-5 inches wide

4. Diffuse—If more than 5 inches wide.

The topography of different soil horizons varies, as
well as their distinetness.  Although observations of
soil horizons are made in profiles or sections, and so
photographed or sketched, they are not bands or literal
horizons but rather three-dimensional parts of pedons
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that may be smooth or exceedingly irregular. Horizon
boundaries may be described as:
1. Smooth—If nearly a plane
2. Wavy—If pockets are wider than their depth
3. Irregular—If pockets are deeper than their
width
4. Broken—If parts of the horizon are uncon-
nected with other parts.
The lower boundary of each horizon in a soil profile
is conventionally described as part of that horizon
description.

LAYMAN’'S DEFINITION OF TERMS

Alluvium—Silty stream deposits made during flood
stage overflow of normal channels.

Bisequal—Two sequences of A and B horizons.

Chernozem—A grassland soil.

Eluvial—Leached.

Fragipan—A dense hardpan.

Genetic—Soil or soil characteristic formed by alter-
ation of original geologic material.

Gley—Reduced gray soil due to poor drainage and
high water table.

Horizon—A soil layer roughly parallel with the soil
surface. The various horizons, considered to-
gether, make up the soil profile.

Illuvial—Deposited by leaching from soil horizons
above.

Lacustrine—Usually clayey deposits made in still wa-
ter at the bottom of a lake.

Loess—Silty material deposited by blowing wind.

Morphology—The characteristics of a soil profile.

Mottled—Spots of red, orange, brown, and/or yellow
colors in soil due to poor drainage.

Parent material—Altered geologic material from which
the soil is presumed to have formed.

Ped—A natural aggregate of soil.

Pedogenic—Soil characteristic caused by the soil form-
ing processes.

Pedon—A small area of soil having the same soil pro-
file or cyclic repetition of variations for one soil.

SCS—Soil Conservation Service.

Sequum—An A-B horizon sequence.

Sesquioxides—AlO; and Fe»O,.

Soil profile—A vertical cut exposing the various parts
and characteristics of a soil with depth.

Solum—That part of a soil profile including the A and
B horizons.

Truncated—A scalped soil profile, with part missing
due to erosion or a geologic catastrophy.

USDA—United States Department of Agriculture.
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APPENDICES

Aprrexpix TABLE 1. Abbreviated list of terms for soil profile
descriptions (Cline, 1964).

1. Mottling

a. Abundance b. Size ¢. Contrast b. Grade—Distinctness c. Type—Form
Few—Less than Fine—Less than 5 Faint Structureless Prismatic, Columnar
2% mm. Very weak Blocky, Angular blocky,
Common—2-20%  Medium—5-15 mm. Distinct Weak Subangular blocky
Many—More Coarse—More than Prominent Moderate Granular, Crumb
than 20% 15 mm. Strong Platy
2. Textures Very strong

Sands—Coarse sand, sand, fine sand, very fine sand

Loamy sands—Loamy coarse sand, loamy sand, loamy fine 4- Consistence

sand a. Dry b. Moist c. Wet
Sandy loams—Sandy loam, fine sandy loam, very fine sandy Loose Loose Nonsticky Nonplastic
loam Soft Very friable Slightly sticky Slightly plastic
Silt Silty clay loam Silty clay Slightly Friable Sticky Plastic
Silt loam Clay loam Clay hard
Loam Sandy clay loam Sandy clay Hard Firm Very sticky Very plastic
Adjectives—Gravelly, cobbly, channery, flaggy, stony may Very hard  Very firm
apply to any of these Extremely Extremely
3. Structure hard firm

a. Class—Size in mm.
Prisms Blocks Plates and granules - Boundary

Very fine (very thin) 0-10 0-5 0-1 a. Distinctness b. Topography

Fine (thin) 10-20 5-10 1-2 Abrupt 0-1 in. Smooth—Nearly a plane

Medium 20-50 10-20 2-5 Clear 1-2% in. Wavy or undulating—Pockets wider

Coarse (thick) 50-100 20-50 5-10 Gradual 2%-5 in. than deep

Very coarse 1004 504 10+ Diffuse 54 in. Irregular—Pockets deeper than wide
(very thick) Broken—Parts unconnected
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AppExpix TaBLE 2. List and brief descriptions of symbols used
to designate soil horizons (adapted from Soil Survey Staff, 1962).

Master horizons

01—Organic, undecomposed horizon

02—Organic, decomposed horizon

Al —Organic accumulation in mineral soil horizon

A2—Leached, bleached horizon (eluviated)

A3—Transition horizon to B

AB—Transition horizon between A and B—more like A in
upper part

A and B—A2 with less than 50% of horizon occupied by
spots of B

AC—Transition horizon, not dominated by either A or C

B —Horizon with accumulation of clay, iron, cations, hu-
mus; residual concentration of clay; coatings; or alter-
ations of original material forming clay and structure

Bl —Transition horizon, more like B than A

B and A—B with less than 50% of horizon occupied by spots
of A2

B2 —Maximum cxpression of B horizon

B3 —Transitional horizon to C or R

C —Altered material from which A and B horizons are pre-
sumed to have formed

R —Consolidated bedrock

Subordinate symbols
b —Buried horizon
ca—Calcium in horizon
¢s—Gypsum in horizon
cn—Concretions in horizon
f —Frozen horizon
g —Gleyed horizon
h —Humus in horizon
ir —Iron accumulation in horizon
m —Cemented horizon
p —Plowed horizon
sa —Salt accumulation in horizon
si —Silica cemented horizon
t —Clay accumulation in horizon
x —Fragipan horizon
II, III, IV—Lithologic discontinuities
A2, B'2—Second sequence in bisequal soil

Kansas Geol. Survey Bull. 212, 1976

Aprexpix TaBLE 3. List of Munsell color chart pages with

ranges of soil color names used to describe soil horizons

(adapted from Soil Survey Staff, 1951, 1960; Munsell Color
Company, 1954).

5R—Gray to black; pale red to very dusky red; light red to
dark red

7.5R—Gray to black; pale red to very dusky red; light red to
dark red

10R—Reddish gray to reddish black; pale red to very dusky
red; light red to dark red

2.5YR—Gray to black; pale red to very dusky red; light red-
dish brown to dark reddish brown; light red to dark red

5YR—White to black; pinkish white to dark reddish brown;
reddish yellow to yellowish red

7.5YR—White to black; pinkish white to very dark brown;
reddish yellow to strong brown

10YR—White to black; very pale brown to very dark brown;
yellow to dark yellowish brown

2.5Y—White to black; pale yellow to very dark grayish brown;
vellow to olive brown

5Y—White to black; pale yellow to dark olive gray; yellow to
dark olive

Gley—Light gray to dark gray; light greenish gray to dark
greenish gray; light bluish gray to dark bluish gray; pale
green to grayish green

Arpexpix TaBri 4. List of terms used to describe soil mottling
(adapted from Soil Survey Staff, 1951, 1960).

Google

Abundance

Few—Less than 2 percent of exposed surface
Common—2-20 percent of the exposed surface
Many—More than 20 percent of the exposed surface

Size
Fine—Less than 5 mm in diameter
Medium—5-15 mm in diameter
Coarse—Larger than 15 mm in diameter

Contrast
Faint—Indistinct mottles. Closely related hues and chromas of
matrix and mottles
Distinct—Mottles readily seen. Mottles vary from matrix as
much as 1 or 2 hues or several units in chroma or value
Prominent—Conspicuous mottles. Hue, chroma, and value may
be several units apart.
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10/
8/ |-
pale red light red
6 / [ (] [ ) L) [ ]
N 6/ 6/2 6/4 6/6 6/8
gray -
[
=2 - ° ° ° °
S INs/ 5/2 5/4 5/6 5/8
dark weak red red
4 gray ) ° . °
/ ’-N 4/ 4/2 4/4 4/6 4/8
’_da\,-llfry . dusky red R R o
,j";}‘ 3/2 3/4 3/6 3/8
2 / = ° °
N 2/ 2/2 2/4 dark red
black very dusky red '
0 1 1 i 1 1 1
0 /2 /4 /6 /8
Chroma

ArpEnDIX FIGURE 2. Soil color names for combinations of value and chroma and 5R hue (adapted from Munsell Color Com-
pany, 1954).
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10/
8/
pale red light red
&/ & ° ° ) )
gray 6/2 6/4 6/6 6/8
® N &/
-g % o ° ° .
> NS/ 5/2 weak red 5/4 5/6 red 5/8
dark
4/ ¢ gray ° . ° °
N 4/ 4/2 4/4 4/6 4/8
very
0_3/dark . dusky red . . .
N gray 3/2 3/4 3/6 3/8
, /}L . . dark red
N 2/ 2/2 2/4
}"“Ck very dusky red
O 1 1 1 1 1 1
0 /2 /4 /6 /8
Chroma

ApPENDIX FiGure 3. Soil color names for combinations of value and chroma and 7.5R hue (these names are the same as
those on the 5R diagram; adapted from Munsell Color Company, 1954 ).
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10/
N
8/
le red .
6/ L ° . pate reo . o lightred |
61 | 62 6/3 ¢6/4 6/6 6/8
° reddish
_3 B gl’dy. ) [} [ ] [ ] [ ]
> 5/1 | 5/2 5/3 5/4 5/6 5/8
weak red red
4/ - ® ° ° . ° °
dark 4/1 4/2 4/3 4/4 4/6 4/8
reddish
| gray , . dusky :ed . .
31| 3/2 3/3 3/4 3/6
Yan . . dark red
2/1 2/2
- :liith very dusky red
0 1 1 ] ] 1 1 ]
0 /2 /4 /6 /8
Chroma

ApPENDIX FIGURE 4. Soil color names for combinations of value and chroma and 10R hue (adapted from Soil Survey Staff,

1951, 1960; Munsell Color Company, 1954).
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10/

8/

pale red |light reddish light red
6/ ° brown e ° °
N &/ 6/2 6/4 6/6 6/8
o gray
—g o [ ] ® ° °
> N 5/ 5/2 5/4 56 .4 5/8
dk. weak red reddish brown
4/ ¢ gray ° . . )
N 4/ 4/2 4/4 4/6 4/8
verydk{ duysky red
¢ gray ° ° °
N 3/ 3/2 3/4 3/6
2/ ¢ o . dark red
N 2/ 2/2 2/4
black very dusky red dark reddish
B brown
0 1 | 1 | |
0 /2 /4 /6 /8
Chroma

AppENDIX FIGURE 5. Soil color names for combinations of value and chroma and 2.5YR hue (adapted from Soil Survey Staff,

1951, 1960; Munsell Color Company, 1954).
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10/

8/

6/

Value

4/

2/

0

ArpenDIX FIGUurRe 6. Soil color names for combinations of value and chroma

Kansas Geol. Survey Bull. 212, 1976

1951, 1960; Munsell Color Company, 1954).
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white pinkish
- [ J o 2 ) [ ] .
8/1 whifg/ 8/3 8/4 reddish yellow
pink
P~ [ ] [ ] [ ] [} [ ] [ J
71 | . l<.7/h2 7/3  7/4 7/6 7/8
: inkis
light gray gray light reddish brown
& o [ ] [ J [ ] [
6/1 6/2 6/3 6/4 6/6 6/8
orey reddish
- [ ] [ J [ J [ ] [ J ®
5/1 gray5/2 5/3 5/4 5/6 5/8
dark gray d:(e.ddish reddish brown
- [} [ J [ ] [ ] [ ] ®
4 gy ¥? 473 44 4/6 4/8
very dark
| gray . ° . yellowish red
3N 3/2 3/3  3/4
- [ ] [ ]
21 2/2
black dark reddish brown
1 1 | 1 i 1 1
0 /2 /4 /6 /8
Chroma

and 5YR hue (adapted from Soil Survey Staff,

e,
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10/
white [pinkish white
8/ <L . ° .
8/2 8/4 8/6
pink reddish yellow
N7/ ° . ° °
[ 7/2 7/4 7/6 7/8
pinkish gray light brown
6/ ¢ ° ° ° °
6/2 6/4 6/6 6/8
. |T
—g [ o ) L) L [ J
> N5/ 5/2 5/4 5/6 5/8
brown strong brown
dark
4/ ¢ 9gray . -
/ 4/2 4/4
very dark brown
&-3/dark °
N 3/2
2/ ¢ N 2/
black very dark brown
o 1 L 1 1 1
0 /2 /4 /6 /8
Chroma
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APPENDIX Ficure 7. Soil color names for combinations of value and chroma and 7.5YR hue (adapted from Soil Survey Staff,
1951, 1960; Munsell Color Company, 1954).
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10/
white
8/ ° ° o ° ° °
8/1 8/2 8/3 8/4 8/6 8/8
light gray very pale brown yellow
- [ ] [ ] [ J [ ] [ J [ ]
7N 7/2 7/3 7/4 7/6 7/8
blligbvt\ish palgrownl“ght yellow- brownish yellow
6/ ° ° ) o ° .
6/1 |gray6/2| 6/3 |ish brown 6/6 6/8
v gray grayish yellowish brown
—3 - ° [ [J ) ® o
K 5/V |pow? 5/3 | 5/4 5/6 5/8
Jark brown
Y dark gray grayish A
= [ ] [ J g [ ]
4/2( 4/3 | 44
41 brown dcﬁk / dark yellowish brown
very dark |very dk.f [ 0
Lgray o [FVER | T .
31 3/2 3/3 3/4
2/ + ° .
/ 2/1 2/2
black very dark brown
o 1 1 1 1 1 1 | 1
0 /2 /4 /6 /8

Chroma

AppENDIX FI1GURE 8. Soil color names for combinations of value and chroma and 10YR hue (adapted from Soil Survey Staff,
1951, 1960; Munsell Color Company, 1954).
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10/
white
8/ [ S ° ° ° °
N 8/ 8/2 8/4 8/6 8/8
light gray pale yellow yellow
[ o4 72 [ ] ® [ ]
7
N7/ 7/4 7/6 7/8
It. brownish gray It. yellowish olive )'OHOW
&/ . e brown ° o
N ¢/ 6/2 6/4 6/6 6/8
o gray  [grayish brown light olive brown
-% [ o [ ] o ®
> N5/ 5/2 5/4 5/6
dark |dk. grayish brown
4/ ¢- 9ray ° °
N 4/ 4/2 4/4
very dk.|very dark
¢ 9'Y | grayish e
N 3/ |[brown 3/2
olive brown
2/ %
/ N 2/
black
o 1 1 | 1 1 1
0 /2 /4 /6 /8
Chroma
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APPENDIX Ficure 9. Soil color names for combinations of value and chroma and 2.5Y hue (adapted from Soil Survey Staff,
1951, 1960; Munsell Color Company, 1954).
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10/

8/

6/

Valuve

4/

2/

0

ArpENDIX Ficure 10. Soil color names for combinations of value and chroma and 5Y hue (adapted from Soil Survey Staff,

Kansas Geol. Survey Bull.

1951; Munsell Color Company, 1954 ).

Go

gle

white
k ° ° ° ° ° )
8/1 8/2 8/3 8/4 8/6 8/8
light gray pale yellow yellow
- o ° ° ° ° L
77 7/2 | 7/3 7/4 7/6 7/8
lit.olive pale olive olive yellow
- [ o [ ] [ J [}
6/1 |gr.6/2| 6/3 6/4 6/6 6/8
gray
= [ [ ] [ ] [ J [ ]
5/1 5|/? 5/3 5/4 %2 5/
dark gray ;r:‘\;e olive
= [ J [ ] ® ®
40 | 42 | 43 4/4
very k. .
- dal’k [ ] °l|ve .
gray 3/1 |9r.3/2 dark olive
- [ [ ]
2/1  2/2
-  black
L 1 1 Il 1 1 1 1
0 /2 /4 /6 /8
Chroma

212, 1976 —{

v 'ﬂ{ M

T
i



Olson—<Criteria for Making and Interpreting A Soil Profile Description 41

light greenish gray  |lt. bluish

7/F o 7/ e ° . ° oy 7/ e
N7/ 5Y 7/V15GY 7/1 56 7,1 5BG7/1| 587/ 5G 7/2
light light pale
r gray reen
&/ |2 6/ —e . . . &/ %%
N 6/ 5y &/1 |5GY 6/1 5G 6/1 5BG 6/1| 5B-6/1 5G 6/2
gray gray greenish gray bluish
gray
5/F o 5/ e . 5/

[ ] [ ] e — [ ]
N 5/ 5Y 5/1 [5GY 5/1 5G 5,1 58G 5/1[ 58 5/1 5G 5/2

- grayish
Pk'grlé’;Sh green
. - o ° . ° ) 4/ F o
N 4/ 5Y 4/1 |5GY 4/1 5 4N 5BG 4/1| 5B 41 5G 4/2

AppeExDIX Ficure 11. Soil color names for gley (1958 edition). This supplement to the soil chart is primarily for colors of
chroma less thun /1.5 in hues 5Y to 5B. The column of 2 chroma colors in hue 5G affords some coverage for the rare instances
of chromas up to /2.5. Gley colors darker than readable with this supplement may be estimated by comparison with N 3/ and
N 2/ (adapted from Munsell Color Company, 1954, with 1958 edition of this soil color page).

dk. gray dk. gray dark greenish gray

4/ 4/

Appespix TasLe 5. Simplified list of terms describing soil
texture, coarse fragments, stones, and rocks (adapted from Soil
Survey Staff, 1951, 1960).

Separates Diameter (mm) Silt loam—Moist cast bears handling. Forms a rough broken
Very coarse sand 2-1 ribbon that will not bear its own weight. Dry casts may
Coarse sand 1-05 be handled frecly. Dry material feels like flour.
Medium sand 0.5-0.25 Silty clay loam—Moist cast bears handling. Forms a thin
Fine sand 0.25-0.1 smooth ribbon that just bears its own weight. Wet cast
Very fine sand 0.1-0.05 can be kneaded into different shapes but with a ten-
Silt 0.05-0.002 dency to crack as moisture is worked out.

Clay Less than 0.002

General soil textures Textural class names
Sandy soils—

Coarse textured Sand (Coarse, Medium, Fine, Very fine),
Loamy sand (Loamy coarse sand, Loamy
sand, Loamy very fine sand)

Loamy soils—

Moderately coarse  Sandy loam (Coarse sandy loam, Sandy

textured loam, Fine sandy loam, Very fine sandy
loam), Fine sandy loam

Medium textured Very fine sandy loam, Loam, Silt loam,

Silt
Moderately fine Clay loam, Sandy clay loam, Silty clay
textured loam

Clayey soils—

Fine textured Sandy clay, Silty clay, Clay

Field determinations of texture

Sand—Loose and single grained.

Sandy loam—Moist cast bears careful handling. Many sand
grains visible. Squeezed when dry it forms a weak cast
that crumbles at a light touch.

Loam—Has a relatively even mixture of sands, silt, and clay.
Some sand grains visible. Forms a rough broken ribbon
between thumb and finger. Wet cast can be deformed
slightly without crumbling. Dry cast bears careful
handling.

Clay loam—Few sand grains visible. Forms a thin smooth slick
ribbon that will bear its own weight. Wet cast can be
molded into different shapes but tends to break as
moisture is worked out.

“

Silty clay or Clay—Thin ribbon easily bears its own weight.
Wet cast can be molded into different shapes without
breaking.

Coarse fragment shape Diameter (in.)

To 3 3-10 More than 10
Stony or
Round Gravelly Cobbly bouldery
Irregular  Angular gravelly  Angular cobbly Stony
Thin flat  Channery Flaggy Stony

Stoniness Classes

0—No stones or too few to interfere with tillage

1—Stones interfere with tillage but intertilled crops can be
grown

2—Stones make intertilled crops impracticable, but soil can be
worked for hay or improved pasture

3—Stones make use of hcavy machinery impracticable

4—Stones make use of all machinery impracticable

5—Rubble

Rockiness Classes

0—No bedrock exposures or too few to interfere with tillage

1—Bedrock exposures interfere with tillage but intertilled crops
can be grown

2—Bedrock exposures make intertilled crops impracticable, but
soil can be worked for hay or improved pasture

3—Bedrock exposures make use of heavy machinery impracti-
cable

4—Bedrock exposures make all use of machinery impracticable

5—Rock outerop

mrl
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0 100

100 80 &0 40 20 0
-— .

Percent sand

c Clay scl Sandy clay loam

si  Silt sicl Silty clay loam

s Sand cl  Clay loam

I Loam sil  Silt loom

sc  Sandy clay sl Sandy loam

sic  Silty clay Is Loomy sand

AprreNDIX FIGURE 12. Textural triangle showing the percentages of clay (less than 0.002 mm), silt (0.002-0.05 mm), and sand
(0.05-2.0 mm) in the basic soil textural classes (adapted from Soil Survey Staff, 1951).

ArrexniX TaBLE 6. List of terms used to describe soil structure
(adapted from Cline, 1964 ).

Class (size in mm)

Term Prisms Blocks Plates and granules
Very fine (thin) .. 0-10 0-5 0-1
Fine (thin) . 10-20 5-10 1-2
Medium ... 20-50 10-20 2-5
Coarse (thick) 50-100 20-50 5-10
Very coarse (thick) 1004 504 10+

Grade (distinctness)
Structureless (single grain)
Very weak
Weak
Moderate
Strong
Very strong
Structureless (massive)

Type (form)

Prismatic, Columnar
Blocky—Angular, Subangular
Granular, Crumb

Platy
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Very fine
(less than 1 mm diameter)

Fine
(1-2 mm diameter)

Medium
(2-5 mm diameter)

Coarse
(5-10 mm diameter)

(more than 10 mm diameter)

[ ]

[ ]

[ ]

°

®
o
o
@
o
®

Very coarse ‘

AprExpix Ficure 13. Size limits for granular and crumb structures (adapted from SCS field notebook pages).
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Very fine
(less than 1 mm thick)

Fine
(1-2 mm thick)

Medium
(2-5 mm thick)

A
L LUUfdout

Coarse

(5-10 mm thick)

Very coarse
(more than 10 mm thick)

AppENDIX Ficure 14. Size limits for platy structures (adapted from SCS field notebook pages).
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Very fine
(less than 5 mm diameter)

Fine
(5-10 mm diameter)

D Oooo

Medium
(10-20 mm diameter)

Coarse
(20-50 mm diameter)

AppeENDIX Ficure 15. Size limits for angular and subangular blocky structures (adapted from SCS field notebook pages).
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Very fine
(less than 10 mm diameter)

Fine
(10-20 mm diameter)

Medium
(20-50 mm diameter)

Coarse
(50-100 mm diameter)

Appexpix FiGUre 16. Size limits for prismatic and columnar structures (adapted from SCS field notebook pages).
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ArpeExpix TasLe 7. List of terms used to describe consistence

of soil horizons (Cline, 1964).

AprPENDIX TABLE 8. Abbreviated field criteria for determina-
tion of soil consistence (Cline, 1964).

Stickiness
Nonsticky

Slightly sticky

Sticky
Very sticky

Dry soil
Loose
Soft
Slightly hard
Hard
Very hard
Extremely hard
Moist soil
Loose
Very friable
Friable
Firm
Very firn
Extremely firn
Wet soil
Plasticity
Nonplastic
Slightly plastic
Plastic
Very plastic

Google

Consistence expresses degree and kind of adhesion and co-
hesion, and as this depends on moisture, it must be given for
dry, moist, and wet soil. The terms for dry and moist con-
sistence apply to undisturbed soil, as a whole ped or group of
peds, at the beginning of the test.

A. Dry consistence—Air dry.

0. Loose—TFalls apart without handling. Cannot pick up a

ped.

1. Soft—Can be picked up as a mass but falls apart with
slight pressure and barely indents the fingers.

2. Slightly hard—A ped or clod can be picked up. Before
breaking between thumb and forefinger it indents the
finger deeply but breaks without strong pressure.

3. Hard—Must exert strong pressure to break. Can be
broken between thumb and forefinger under strongest
pressure one can exert.

4. Very hard—Cannot be broken between thumb and fore-
finger.

B. Moist consistence—About half way between air dry and
field capacity.

0. Loose—Falls apart without handling. Cannot pick up a
ped.

1. Very friable—Crushes with only slight indentation of
finger.

2. Friable—Indents finger when crushed but only gentle
pressure is needed.

3. Firm—Crushes only when deliberate pressure is applied.
Deeply indents the fingers.

4. Very firm—Can barely be crushed between thumb and
forefinger.

5. Extremely irm—Cannot be crushed between thumb and
forefinger.

C. Wet consistence—Slightly above field capacity.
Stickiness—Press between thumb and finger.
0. Nonsticky—Almost none adheres to either finger.
1. Slightly sticky—Adheres to both fingers but finally pulls
cleanly free of one without stretching.
2. Sticky—Stretches noticeably before breaking and leaves
material on both fingers.
3. Very sticky—Stretches as one exerts strong effort to pull
fingers apart.
Plasticity—Roll and deform.
0. Nonplastic—Cannot form a wire by rolling in fingers.
1. Slightly plastic—Can form a wire by rolling. The wire
will not support its own weight. Easily deformed under
pressure.
2. Plastic—Can form a wire that will bear its own weight.
Must press to deform.
3. Very plastic—Can form a strong wire that will whip.
Must exert strong pressure to deform.
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