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Foreword

This publication, Keys to Soil Taxonomy, serves two
purposes. It provides the taxonomic keys necessary
for the classification of soils according to Soil
Taxonomy in a form that can be used easily in the
field, and it also acquaints users of Soil Taxonomy
with recent changes in the classification system. This
volume includes all revisions of the keys that have so
far been approved, replacing the original keys in

Soil Taxonomy: A Basic System of Soil Classification
for Making and Interpreting Soil Surveys (1975), the
work on which this abridged version, first published
in 1983, is based. We plan to continue issuing
updated editions of Keys to Soil Taxonomy as changes
warrant a new edition. Plans are under way to .
republish Soil Taxonomy in its entirety in 1998.,

This publication incorporates all amendments
approved to date and published in National Soil
Taxonomy Handbook (NSTH) Issues 1-18. It includes
the recommendations of the International Committee
on Low Activity Clays (NSTH Issue #8), the Interna-
tional Committee on Oxisols (NSTH Issue #11), the
International Committee on Andisols NSTH Issue
#13), the International Committee on Vertisols
(NSTH Issue #18), the International Committee on
Aquic Moisture Regime (NSTH Issue #16), the
International Committee on Spodosols (NSTH Issue
#16), the International Committee on Aridisols
(NSTH Issue #17), and the International Committee
on Families (NSTH #18). Editorial changes have
been made throughout the Keys to Soil Taxonomy to
make grammatical corrections and clarify the intent
of the criteria.

The keys reproduced here were extracted from a
computerized copy of Soil Taxonomy, which is
maintained in complete, up-to-date form.

The authors of Keys to Soil Taxonomy are identified
as “Soil Survey Staff.” This term is meant to include
all the soil classifiers in the National Cooperative Soil
Survey program and in the international community
who have made significant contributions to the
improvement of Soil Taxonomy.

RICHARD W, ARNOLD
Director, Soil Survey Division
Soil Conservation Serwice
1996



Chapter 1

The Soil That We Classify,
and Buried Soils

The Soil That We Classify

Soil is the collective term used in this text for the
natural bodies, made up of mineral and organic
materials, that cover much of the earth’s surface,
contain living matter and can support vegetation out
of doors, and have in places been changed by human
activity, The upper limit of soil is air or shallow water.
Its horizontal boundaries are where it grades to deep
water or to barren areas of rock or ice. The lower
boundary that separates soil from the not-soil under-
neath is most difficult to define. Soil consists of the
horizons near the earth’s surface which, in contrast to
the underlying rock material, have been altered by the
interactions, over time, between climate, relief, parent
materials, and living organisms. However, soil as used
in this text does not need to have discernible horizons,
although the presence or absence of horizons and their
nature is of extreme importance to its classification.

In the few places where the soil contains thin ce-
mented horizons that are impermeable to roots, it is
considered to be as deep as the deepest cemented
horizon. More commonly, soil grades at its lower
boundary to hard rock or to earthy materials virtually
devoid of animals, roots, or other marks of biologic
activity. Thus the lower limit of soil is normally the
lower limit of biologic activity, which generally
coincides with the common rooting depth of native
perennial plants. If, however, either biological activity
or current pedogenic processes extend to depths
greater than 200 cm, the lower limit of the soil that we
classify is arbitrarily set at 200 cm. For certain soil
management purposes, layers deeper than the lower
boundary of the soil that we classify must also be
described if they affect the content and movement of
water and air in the soil of the root zone.

Buried Solls

A soil is defined as a buried soil if it is covered with a
surface mantle of new soil material that is either 50
e¢m or more thick, or is 30 to 50 em thick and has a
thickness that equals at least half the total thickness
of the named diagnostic horizons that are preserved in
the buried soil. A surface mantle of new material less
than 30 cm thick is not considered in the taxonomy,
except for the soil temperature, soil moisture (includ-
ing aquic conditions), and any andic or vitrandic
properties. The surface mantle is considered in
establishing a phase if it affects the use of the soil.
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A surface mantle of new material, as defined here,
is largely unaltered, at least in the lower part. It may
have a diagnostic surface horizon (epipedon) and/or a
cambie horizon, but has no other diagnostic subsurface
horizons, all defined later. However, there remains a
layer 7.5 cm or more thick that fails the requirements
for all diagnostic horizons, as defined later, overlying a
horizon sequence that can be clearly identified as the
golum of a buried soil in at least half of each pedon.
This layer muat also fail color and structure require-
ments of the cambic horizon if sandy. The recognition
of a surface mantle should not be based only on
studies of associated soils.



Chapter 2

Horizons and Properties Diagnostic
for the Higher Categories: Mineral
Solls’

Mineral Solil Material

Mineral soil material either:

1. Is never saturated with water for more than a few
days and contains less than 20 percent (by weight)
organic carbon; or

2. Is saturated with water for long periods (or
artificially drained) and, excluding live roots, has
an organic-carbon content (by weight) of:

a. Less than 18 percent if the mineral fraction
contains 60 percent or more clay; or

b. Less than 12 percent if the mineral fraction
contains no clay; or

c¢. Less than 12 + (clay percentage multiplied by
0.1) percent if the mineral fraction contains
less than 60 percent clay.

Soil material that contains more than the above
amounts of organic carbon is considered to be organic
soil material.

Diagnostic Surface Horlzons; The Epipedon

Any horizon may be at the surface of a truncated soil.
The following section, however, is concerned with
seven diagnostic horizons that have formed at the soil
surface. A horizon that has developed at the soil
surface is called an epipedon (Gr. epi, over, upon; and
pedon, soil). It is a horizon in which rock structure
has been destroyed and which has either been
darkened by organic matter or eluviated. Such a
horizon may become covered by thin alluvial or eolian
deposits without losing its identity as an epipedon.

! Mineral soils inelude all s0il orders in this taxonomy except
Histosols.



4

The depth to which an epipedon must be buried to be
considered part of a buried soil is defined above
(Chapter 1).

A recent alluvial or eolian deposit that retains fine
stratification, or an Ap horizon directly underlain by
such stratified material, is not included in the concept
of the epipedon because time has not been sufficient
for soil-forming processes to erase these transient
marks of deposition and for diagnostic and accessory
properties to develop.

An epipedon is not the same as an A horizon; it
may include part or all of the illuvial B horizon if the
darkening by organic matter extends from the soil
surface into or through the B horizon. To avoid
changes in the classification of a soil as a result of
plowing, the properties of the epipedon, except for
structure, should be determined after mixing the
surface soil to a depth of 18 ¢m, or the whole soil if its
depth to bedrock is less than 18 em.

Anthropic epipedon (Gr. anthropikos, human)

The anthropic epipedon has some evidence of distur-
bance by humans and conforms to all the require-
ments for the mollic epipedon (defined below) except
either (1) the limits on acid-soluble P,0,, with or
without the base saturation, or (2) the duration of
available moisture. Additional data on anthropic
epipedons from several parts of the world may permit
future improvements in this definition.

Histic epipedon (Gr. histos, tissue)

The histic epipedon is normally at the soil surface,
although it may be buried. It consists of organic soil
material (peat or muck) if the soil has not been
plowed. If the soil has been plowed, the epipedon
normally has a high content of organic matter that
results from mixing organic soil material with some
mineral material. The histic epipedon either has
aquic conditions for some time in most years or has
been artificially drained.

The histic epipedon can thus be defined as a layer
(one or more horizons) that has aquic conditions for
gsome time in most years (or is artificially drained),
and either:

1. Consists of organic soil material which:

a. Is 20 to 60 em thick and either contains 75
percent or more (by volume) sphagnum fibers
or has a bulk density, moist, of less than 0.1 g/
cm3; or
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b. Is 20 to 40 em thick and has an organic-carbon
content (by weight) of:

(1) 18 percent or more if the mineral fraction
contains 60 percent or more clay; or

(2) 12 percent or more if the mineral fraction
contains no clay; or

(3) 12 + (clay percentage multiplied by 0.1)
percent or more if the mineral fraction
contains less than 60 percent clay; or

2. Is an Ap horizon which, when mixed to a depth of
25 c¢m, has an organic-carbon content (by weight)
of:

a. 16 percent or more if the mineral fraction
containg 60 percent or more clay; or

b. 8 percent or more if the mineral fraction
contains no clay; or

¢. 8+ (clay percentage divided by 7.5) percent or
more if the mineral fraction containg less than 60
percent clay.

Most histic epipedons consist of organic soil material
as defined below. Item 2 provides for histic epipedons
that are Ap horizons consisting of mineral soil
material.

Melanic epipedon (Gr. melas, melan-, black)

The melanic epipedon is a thick black horizon at or
near the soil surface which contains high concentra-
tions of organic carbon, usually associated with short-
range-order minerals or aluminum-humus complexes.
The intense black color is attributed to the accumula-
tion of organic matter from which “Type A” humic
acids are extracted. This organic matter is thought to
result from large amounts of root residues supplied by
a gramineous vegetation, and can be distinguished
from organic matter formed under forest vegetation by
the melanic index (Honna et al., 1988).2

The suite of secondary minerals is usually dominated
by allophane, and the soil material has a low bulk
density and a high anion adsorption capacity.

* Honna,T. 8. Yamammoto and K Matsui. 1988, A simple
procedure to determine melanic index. See ICOMAND Circular
Letter No. 10, pp. 76-77.
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The melanic epipedon has both of the following:

1.

An upper boundary at, or within 30 cm of, either
the mineral soil surface or the top of an organic
layer with andic soil properties (defined below),
whichever is shallower; and

In layers with a cumulative thickness of 30 ¢cm or
more within a total thickness of 40 em, all of the
following:

a. Andic soil properties throughout; and

b. A color value, moist, and chroma (Munsell
designations) of 2 or less throughout, and a
melanic index of 1.70 or less throughout; and

c. Six percent or more organic carbon as a
weighted average, and 4 percent or more
organic carbon in all layers.

Mollic epipedon (L. mollis, soft)

The mollic epipedon consists of mineral soil material
and is at the soil surface, unless it underlies either a
recent deposit that is less than 50 cm thick and has
fine stratification if not plowed, or a thin layer of
organic soil material. If the surface layer of organic

material is so thick that the soil is recognized as a
Histosol (defined below), the mollic epipedon is
considered to be buried,

The mollic epipedon has the following properties:

1.

Soil structure is strong enough so that one half or
more of the horizon is not both hard, very hard, or
harder and massive when dry. Very coarse prisms,
with a diameter of 30 cm or more, are included in
the meaning of massive if there is no secondary
structure within the prisms.

Unless the fine-earth fraction has 15 percent or
more calcium carbonate equivalent, crushed and
smoothed samples have a Munsell color value of 3
or less when moist and of 5 or less when dry, and a
chroma of 3 or less® moist; normally the color value
is at least 1 Munsell unit lower or the chroma at
least 2 units lower (both moist and dry) than that
of the 1C horizon if present. If only a 2C horizon or
an R layer is present, the comparison should be
made with the horizon that overlies the 2C. Some

3

The color when moist is that of a specimen moist encugh so that
an additional drop of water produces no change in its color, The
color when dry is that of a specimen dry enough so that
continued drying produces no further change in color.



parent materials such as loess, cinders, alluvium,
or carbonaceous shale can also have dark color and
low chroma. Soils formed in such materials may
accumulate appreciable amounts of organic matter
but have no visible darkening in the epipedon. In
this situation, the requirement that the mollic
epipedon should have a lower color value or
chroma than the 1C horizon, or than the next
underlying horizon if there is no 1C, is waived if (a)
the surface horizon(s) meets all other requirements
for a mollic epipedon and, in addition, has at least
0.6 percent more organic carbon than the 1C or the
2C horizon, or if (b) the epipedon extends to rock
(i.e., a lithic or paralithic contact, defined below).

The mollic epipedon has dark color and low
chroma in 50 percent or more of itsa matrix. If ita
structure is fine granular or fine blocky, the sample
when broken may show only the color of the
coatings of peds. The color of the matrix in such
gituations can be determined only by crushing or
briefly rubbing the sample. Prolonged rubbing
should be avoided because it may cause darkening
of a sample if soft iron-manganese concretions are
present; crushing should be just sufficient to mix
the coatings with the matrix. The color value when
dry should be determined after the crushed sample
has been smoothed to eliminate shadows,

If the fine-earth fraction has 15 to 40 percent
caleium carbonate equivalent, the limit for the
color value, dry, is waived. If it has 40 percent or
more calcium carbonate equivalent, the limit for
the color value, dry, is waived and the color value,
moist, is 5 or less. These changes are necessary
because finely divided lime acts as a white
pigment.

Base saturation is 50 percent or more by the
NH,0Ac method.

. The organic-carbon content iz either 0.8 percent or
more throughout the thickness of the mollic
epipedon, or 2.5 percent or more in layers that
have a color value, moist, of 4 or 5 and a fine-earth
fraction with a calcium carbonate equivalent of 40
percent or more.

Since the mollic epipedon consists of mineral
soil material, the upper limit of its organic-carbon
content is the same as that defined above for
mineral soil material.

. After mixing the upper 18 cm of the mineral soil, or
the whole mineral soil if its depth to a densie,
lithie, or paralithic contact, petrocalcic horizon, or
duripan (all defined below) is less than 18 ¢m, the
thickness of the epipedon is as follows:



a. 10 cm or more if the epipedon is directly above
a densice, lithic, or paralithic contact, a
petrocaleic horizon, or a duripan; or

b. 25 c¢m or more if either

(1) The texture of the epipedon is loamy fine
sand or coarser throughout; or

(2) There are no underlying diagnostic
horizons (defined below) and the organic-
carbon content of the underlying materials
decreases irregularly with increasing
depth (as in recent alluvial deposits); or

¢. 25 cm or more if the epipedon is finer than
loamy fine sand and if all of the following are
75 em or more below the mineral soil surface:

(1) The upper boundary of any pedogenic lime
that is present as filaments, soft coatings,
or soft nodules; and

(2) The lower boundary of any argillic,
cambie, natric, oxie, or spodic horizon
(defined below); and

(3) The upper boundary of any petrocalcic
horizon, duripan, or fragipan; or

d. If the epipedon is loamy or clayey, 18 cm or
more, and one third or more of the total
thickness between the top of the epipedon and
the shallowest of any features listed in (c) that
are less than 75 cm below the mineral soil
surface; or

e. 18 ¢m or more if none of the above conditions
apply.

. The epipedon has less than 250 parts per million
(ppm) of P,0, soluble in 1 percent citric acid, or it
does not have a regular decrease in the amounts of
P,0, with increasing depth below the epipedon, or
there are phosphate nodules within the epipedon,
This restriction is made to eliminate plow layers of
very old arable soils and kitchen middens which,
under use, have acquired the properties of & mollic
epipedon, while including the epipedon of a soil
developed in highly phosphatic parent material.

If the soil is not irrigated, some part of the
epipedon is moist 3 months or more (cumulative)
per year in 8 or more out of 10 years during times
when the soil temperature at a depth of 50 cm is
5°C or higher.



8. The n value (defined below) is less than 0.7.
Although many soils that have a mollic epipedon
are very poorly drained, a mollic epipedon does not
have the same very high water content as sedi-
ments that have been continuously under water
gince deposition.

Ochric epipedon (Gr. ochros, pale)

The ochric epipedon fails to meet the definitions for
any of the other 6 epipedons because it is too thin or
too dry, has too high a color value or chroma, contains
too little organic matter, or has too high an n value or
melanic index, or is both hard and massive when dry.
Most ochric epipedons have either a Munsell color
value of 4 or more when moist and 6 or more when dry,
or a chroma of 4 or more? or include an A or Ap horizon
that has both low color values and low chroma but is
too thin to be recognized as a mollic or an umbric
epipedon (and has less than 15 percent calcium
carbonate equivalent in the fine-earth fraction). The
ochric epipedon includes eluvial horizons that are at or
near the soil surface, and it extends to the first
underlying diagnostic illuvial horizon (defined below
ae an argillic, a kandie, a natric, or a spodic horizon),
If the underlying horizon is a B horizon of alteration
(defined below as a cambic or oxic horizon) and there
is no surface horizon that is appreciably darkened by
humus, the lower limit of the ochric epipedon is the
lower boundary of the plow layer or an equivalent
depth in a soil that has not been plowed, Actually, the
same horizon in an unplowed soil may be both a part
of the epipedon and a part of the cambic horizon; the
ochric epipedon and the subsurface diagnostic
horizons are not mutually exclusive. The ochric
epipedon does not have rock structure and does not
include finely stratified fresh sediments,

Plaggen epipedon (Ger. Plaggen, sod)

The plaggen epipedon is & man-made surface layer 50
cm or more thick that has been produced by long-
continued manuring. The color of a plaggen epipedon
and its organic-carbon content depend on the materi-
als used for bedding.

A plaggen epipedon can be identified by several
means. Commonly it contains artifacts, such as bits of
brick and pottery, throughout its depth. There may be
chunks of diverse materials, such as black sand and
light gray sand, as large as the size held by a spade.

4 The color when moist is that of a specimen moist enough so that
an additional drop of water produces no change in color. The
color when dry is that of a specimen dry enough so that
continued drying produces no further change in color,
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The plaggen epipedon normally shows spade marks
throughout itz depth and also remnants of thin
stratified beds of sand that were probably produced on
the soil surface by beating rains and were later buried
by spading,.

Umbric epipedon (I.. umbra, shade, hence dark)

Requirements for an umbric epipedon with regard to
color, organic-carbon and phosphorus content,
consistence, structure, n value, and thickness are the
same as those for the mollic epipedon. The umbric
epipedon includes those thick, dark-colored surface
horizons that have a base saturation of less than 50
percent (by NH4OAc). It should be noted that the
restriction against an epipedon that is hard, very
hard, or harder and massive when dry is applied only
to those epipedons that become dry. If the epipedon is
always moist, there is no restriction on its consistence
or structure when dry. It should also be noted that
some plaggen epipedons meet all these requirements
but also show evidence of a gradual addition of
materials during cultivation, whereas the umbric
epipedon does not have the artifacts, spade marks, and
raised surfaces that are characteristic of the plaggen
epipedon.

Diagnostic Subsurface Horizons

The horizons discussed in this section form below the
surface of the soil, although in some areas they form
directly below a layer of leaf litter. They may be
exposed at the surface by truncation of the soil. Some
of these horizons are generally regarded as B horizons,
some are considered B horizons by many but not all
pedologists, while others are generally regarded as
parts of the A horizon.

Agric horizon

The agric (L. ager, field) horizon is an illuvial horizon
which has formed under cultivation and contains
significant amounts of illuvial silt, clay, and humus.
After a soil has been cultivated for a long time,
changes in the horizon directly below the plow layer
become apparent and cannot be ignored in classifying
the soil. The large pores in the plow layer and the
absence of vegetation immediately after plowing
permit a turbulent flow of muddy water to the base of
the plow layer, Here the water can enter wormholes
or fine cracks between peds, and the suspended
materials are deposited as the water is withdrawn into
capillary pores. The worm channels, root channels,
and surfaces of peds in the horizon underlying the
plow layer become coated with a dark-colored mixture
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of organic matter, silt, and clay. The accumulations on
the sides of wormholes become thick and can eventu-
ally fill them. If worms are scarce, the accumulations
may take the form of lamellae that range in thickness
from a few millimeters to about

1 cm. The lamellae and the coatings on the sides of
wormholes always have a lower color value and
chroma than the soil matrix.

The agric horizon ¢can have somewhat different
forms in different climates if there are differences in
soil fauna. In a humid temperate climate where soils
have a udic moisture regime and a mesic soil tempera-
ture regime (defined below), earthworms can become
abundant. If there are earthworm holes which,
including their coatings, constitute 5 percent or more
(by volume) of the horizon and if the coatings are 2
mm or more thick and have a color value, moist, of 4 or
less and a chroma of 2 or less, the horizon is an agric
horizon. After long cultivation, the content of organic
matter in the agric horizon is not likely to be high, but
the carbon-nitrogen ratio is low (usually less than 8).
The pH value of the agric horizon is close to neutral (6
to 6.5).

In a Mediterranean climate where soils have a
xeric soil moisture regime (defined below), earthworms
are less comnmon and the illuvial materials accumulate
as lamellae directly below the Ap horizon. If these
lamellae are 5 mm or more thick, have a color value,
moist, of 4 or less and a chroma of 2 or less, and
constitute 5 percent or more (by volume) of a horizon
10 em or more thick, this horizon is an agric horizon.

Albic horizon

The albic (L. albus, white) horizon is an eluvial
horizon 1.0 ecm or more thick which contains 85
percent or more (by volume) albic materials (defined
below). It usually oecurs below an A horizon but may
be at the mineral soil surface. Under the albic horizon
there is usually an argillic, cambie, kandic, natric, or
spodic horizon or a fragipan (defined below). The albic
horizon may lie between a spodic horizon and either a
fragipan or an argillic horizon; or it may be between
an argillic or a kandic horizon and a fragipan. It may
lie between a mollic epipedon and an argillic or natric
horizon, or between a cambic horizon and an argillic,
kandie, or natric horizon or a fragipan. The albic
horizon may separate horizons which, if together,
would meet the requirements for a mollic epipedon. It
may separate lamellae that together meet the require-
ments for an argillic horizon; these lamellae are not
considered to be part of the albic horizon.

In some soils the horizon underlying the albic
horizon is too sandy or too weakly developed to have
the levels of accumulation required for an argillic, a
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kandic, a natrie, or a spodic horizon. Some soils have,
directly below the albic horizon, either a densic, lithic,
or paralithic contact, or another relatively impervious
layer that produces a perched water table with
stagnant or moving water.

Argillic horizon

An argillic (L. argilla, clay) horizon is an illuvial
horizon which containg significant accumulations of
illuviated layer-lattice silicate clays. It must have
formed below an eluvial horizon but may be found at
the surface of a partially truncated soil. The following
characteristics are used for its identification:

1. If there is a lithologic discontinuity between the
overlying eluvial horizon and the argillic horizon or
if it is overlain only by a plow layer, clay films are
required only in some part of the argillic horizon,
either in some fine pores or, if peds are present, on
some vertical and horizontal surfaces of peds.
Either some part of the horizon is shown in thin
section to have 1 percent or more oriented clay
bodies, or the ratio of fine clay to total clay in the
argillic horizon is higher than in the overlying or
the underlying horizon.

2. If an eluvial horizon remains and there is no
lithologic discontinuity between it and the underly-
ing argillic horizon, the argillic horizon contains,
within 30 em of an eluvial horizon, higher percent-
ages of total clay and fine clay than the eluvial
horizon, as follows:

a. If any part of the overlying eluvial horizon has
less than 15 percent total clay in its fine-earth
fraction, the total clay content in the argillie
horizon is 3 percent or more (absolute) higher
than in the eluvial horizon (e.g., 13 percent
versus 10 percent). The ratio of fine clay to
total clay in the argillic horizon is normally one
third or more higher than in the overlying
eluvial or in the underlying horizon.

b. If the overlying eluvial horizon has 15 to 40
percent total clay in its fine-earth fraction, the
total clay content in the argillic horizon is 20
percent or more (relative) higher than in the
eluvial horizon (e.g., 24 percent versus 20
percent). The ratio of fine clay to total clay in
the argillic horizon is normally one third or
more higher than in the eluvial horizon.,

c. If the eluvial horizon has 40 to 60 percent total
clay in the fine-earth fraction, the total clay
content in the argillic horizon is 8 percent or
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more (absolute) higher than in the eluvial
horizon (e.g., 50 percent versus 42 percent).

If the eluvial horizon has 60 percent or more
total clay in the fine-earth fraction, the fine-
clay content in the argillic horizon should be 8
percent or more (absolute) higher than that of
the eluvial horizon.

3. The thickness of the argillic horizon is one tenth or
more the total thickness of all overlying horizons
(in a soil that is not truncated and has no lithologic
discontinuity between the eluvial horizon and the
underlying argillic horizon), and one of the
following:

4. In structureless soils, the argillic horizon has
oriented clay lining some pores and bridging the
sand grains.

5. If peds are present, the argillic horizon has one of
the following:

a.

Either clay films on some vertical and horizon-
tal surfaces of peds and in the fine pores, or
oriented clay in 1 percent or more of the cross
gection; or

A broken or irregular upper boundary and
some clay films in the lowest part of the
horizon; or

If the eluvial horizon has 40 percent or more
clay, and if the argillic horizon is clayey and
the clay is kaolinitic, some clay films on peds
and in pores within the lower part of the
argillic horizon if it has blocky or prismatic
structure; or

No clay films if the argillic horizon is clayey
with 2:1 lattice clays, and if either the overly-
ing horizon has uncoated grains of sand or silt
and the argillic horizon shows evidence of
pressure caused by swelling (e.g., occasional
slickensides or wavy horizon boundaries), or if
the ratio of fine clay to total clay in the argillic
horizon is one third or more higher than in the
overlying or underlying horizon, or if the fine-
clay content in the argillic horizon is 8 percent
or more (absolute) higher than in the eluvial
horizon.

Calcic horizon

The calcic (L. calx, cale-, lime) horizon is an illuvial
horizon in which secondary calcium carbonate, or
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other carbonates have accumulated to a significant
extent, It may occur in conjunction with various other
horizons such as a mollic epipedon, an argillic or a
natric horizon.

The calcic horizon has all of the following properties:
1. Is 15 cm or more thick; and;

2. Is not indurated or cemented to such a degree that
it meets the requirements of a petrocalcic horizon;
and

3. Has one or more of the following:

a. Fifteen percent or more CaCOg equivalent,
(see below) and its CaCOg equivalent is 5
percent or more (absolute) higher than that of
an underlying horizon; or

b. Fifteen percent or more CaCOg equivalent, and
5 percent or more (by volume) identifiable
secondary carbonates; or

c. Five percent or more calcium carbonate
equivalent and has:

(1) Lessthan 18 percent clay in the fine-
earth fraction; and

(2) A particle size that is sandy, sandy-
skeletal, coarse-loamy, or loamy-skeletal;
and

(3) A weight of identifiable secondary
carbonates, that is 5 percent or more
(absolute) higher than that of an underly-
ing horizon.

Cambic horizon

The cambic (L.. cambiare, change) horizon is an altered
horizon that does not have the dark color, organic-
matter content, and structure of a histic, a mollie, or

an umbric epipedon, and has all of the following:

1. A texture of very fine sand, loamy very fine sand,
or finer; and

2. Soil structure, or absence of rock structure, in one
half or more of its volume; and

3. Evidence of alteration in the form of either;
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a. Aquic conditions for some time in most years
(or artificial drainage), and both of the
following:

(1) Within 50 em of the mineral soil surface,
either on faces of peds, or in the matrix if
peds are absent, 50 percent or more
chroma as follows:

(a) Two or less, and redox concentrations;
or

(b) Zero, and a color value, moist, of 3 or
less; or

() One or less, and a color value, moist,
of 4 or more; and

(2) One or more of the following properties:

(a) A regular decrease in the amount of
organic carbon with increasing depth,
and an organic-carbon content of less
than 0.2 percent either at a depth of
125 cm below the mineral soil surface,
or directly above a sandy-skeletal
substratum at a depth of less than 125
cm; or

(b) Cracks that open and elose in most
years and are I cm or more wide at a
depth of 50 cm below the mineral soil
surface; or

(c) Permafrost at some depth; or

(d) A histic epipedon consisting of mineral
s0il materials, or a mollic or an umbric
epipedon; or

b. Either no aquic conditions (or artificial
drainage), or colors different from those
defined in 3.a, or both, and one or more of the
following:

(1) A higher chroma, redder hue, or higher
clay content than in the underlying
horizon; or

(2) Evidence of removal of carbonates;
particularly, less carbonate than in the
underlying k horizon (f all coarse frag-
ments in the k horizon are completely
coated with lime, some in the cambie
horizon are partly free of coatings; if
coarse fragments in the k horizon are
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coated only on the underside, those in the
cambic horizon are free of coatings); or

(3) If carbonates are absent in the parent
material and in the dust that falls on the
soil, the requirement of evidence of
alteration is satisfied by the presence of
soil structure and absence of rock struc-
ture; and

4. Properties that do not meet the requirements for
an argillic, a kandic, an oxic, or a spodic horizon;
and

5. No cementation or induration and no brittle
consistence when moist; and

6. A lower boundary at a depth of 25 em or more from
the mineral soil surface, unless the soil tempera-
ture regime is cryic or pergelic.

Duripan

The duripan (L. durus, hard; meaning hardpan) is a
subsurface horizon that is cemented by illuvial silica
to the degree that less than 50 percent of the volume
of air-dry fragments slake in water or during pro-
longed soaking in acid (HCI). Duripans vary in the
degree of cementation by silica and, in addition, they
commonly contain accessory cements, chiefly iron
oxides and calcium carbonate.

Summarv of properties

The duripan is a silica-cemented subsurface horizon
with or without auxiliary cementing agents, A
duripan can occur in conjunction with a petrocalcic
horizon.

A duripan must meet all of the following require-
ments:

1. Is cemented or indurated in more than 50 percent
of the volume of some horizon; and

2. Has evidence of accumulation of opal or other
forms of silica as laminar capping, coatings, lenses,
partly filled interstices, bridges between sand-size
grains, or coatings on rock or pararock fragments;
and

3. Less than 50 percent of the volume slakes in 1N
HCl even during prolonged soaking, but more than
50 percent slakes in concentrated KOH, NaOH, or
in alternating acid and alkali; and
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4. Has lateral continuity such that roots cannot
penetrate except along vertical fractures, which
have a horizontal spacing of 10 cm or more.

Fragipan

A fragipan (modified from L. fragilis, brittle, and pan;
meaning brittle pan) is an altered subsurface horizon,
15 ¢m or more thick, that restricts the entry of water
and roots into the soil matrix. It may, but does not
necessarily, underlie an argillic, cambic, albic, or
spodic horizon. It is commonly within an argillic
horizon, but some are within an albic horizon. The
fragipan has strongly developed fragic properties
(defined below). Commonly it has a relatively low
content of organic matter and a high bulk density
relative to the horizons above it, The fragipan has a
hard or harder rupture resistance class, when dry.
When moist, it has a brittle manner of failure in 60
percent or more of the volume. This is the tendency
for a ped or clod to rupture suddenly rather than to
undergo slow deformation when pressure is applied.
Air dried fragments slake when submerged in water.
Most fragipans have redoximorphic features, have
evidence of translocation of clay, and are slowly or very
slowly permeable to water. Some fragipans consist of
albic materials (defined below).

Summary of properties

To be identified as a fragipan a layer must have all of
the following characteristics:

1. The layer is 15 cm or more thick; and

2. It has evidence of pedogenesis within the horizon
or, at a minimum, on the faces of structural units;
and

3. It has very coarse prismatic, columnar, or blocky
structure of any grade, has weak structure of any
size, or is massive. Separations between structural
units that allow roots to enter have an average
spacing of 10 cm or more on the horizontal
dimensions; and

4. Air-dry fragments of the natural soil fabric, 5 to 10
c¢m in diameter, from more than 50 percent of the
horizon slake when they are submerged in water;
and

5. It has, in 60 percent or more of the volume, a firm
or firmer consistence, a brittle manner of failure at
or near field capacity, and roots virtually absent.
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Glossic horizon

The glossic (Gr. glossa, tongue) horizon is 5 cm or more
thick and consists of:

1. An eluvial part, i.e., albic materials (defined
below), which constitute 15 to 85 percent (by
volume) of the glossic horizon; and

2. An illuvial part, i.e., remnants of an argillic, a
kandic, or a natric horizon (defined below).

The glossic horizon develops as a result of the degra-
dation of an argillic, a kandic, or a natric horizon, from
which clay and free iron oxides are removed. This
process of eluviation gradually progresses from the
exteriors of peds to their interiors. In early stages of
the development, the peds of the remnant argillic,
kandic, or natric horizon still form structural units
that extend throughout the glossic horizon, constitut-
ing close to 85 percent of its volume, In later stages,
some of these structural units no longer extend
throughout the horizon, and in the most advanced
stages of the degradation process remnant peds
constitute little more than 15 percent (by volume) of
the glossic horizon and are completely surrounded by
albic materials. The boundary between the illuvial
and eluvial parts of the glossic horizon may be either
abrupt or clear, and either irregular or broken.

A glossic horizon usually occurs between an
overlying albic horizon and an underlying argillic,
kandic, or natric horizon or fragipan. It can lie
between an argillic, cambie, or kandic horizon and a
fragipan. In the early stages of the degradation
process described above, a glossic horizon can be
within an argillic, kandic, or natric horizon, or within
a fragipan if the fragipan shows evidence of the
degradation of an argillic horizon. An albic horizon
may be below, or between subhorizons of, the glossic
horizon.

Argillic horizons consisting of lamellae and
intervening albic materials are not within the concept
of the glossic horizon.

Gypsic horizon

The gypsic horizon is an illuvial horizon in which
secondary gypsum has accumulated to a significant
extent,

A gypsic horizon has all of the following properties:

1. Is 15 cm or more thick; and

2. Is not cemented or indurated to such a degree that

it meets the requirements of a petrogypsic horizon;
and
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3. Is b percent or more gypsum and is 1 percent or
more by volume secondary visible gypsum; and

4, Has a product of thickness in centimeters multi-
plied by gypsum content percentage of 150 or more.

Thus, a horizon 30 cm thick that is 5 percent gypsum
qualifies as a gypsic horizon if it is 1 percent or more
by volume visible gypsum and is not cemented or
indurated to such a degree that it meets the require-
ments of a petrogypsic horizon. The gypsum percent-
age can be calculated by multiplying the
milliequivalents of gypsum per 100 g soil by the
milliequivalent weight of CaS04,2H40, which is
0.086.

Kandic horizon® (kand- modified from kandite)
The kandic horizon:

1. Is a vertically continuous subsurface horizon that
underlies a coarser-textured surface horizon. The
minimum thickness of the surface horizon is 18 cm
after mixing, or 5 cm if the textural transition to
the kandic horizon is abrupt and there is no densic,
lithic, paralithie, or petroferric contact (defined
below) within 50 ¢m of the mineral soil surface.

2. Has its upper boundary:

a. At the point where the clay percentage in the
fine-earth fraction, increasing with depth
within a vertical distance of 15 cm or less, is
either

(1) 4 percent or more (absolute) higher than
in the surface horizon if that horizon has
less than 20 percent total clay in the fine-
earth fraction; or

(2) 20 percent or more (relative) higher than
in the surface horizon if that horizon has
20 to 40 percent total clay in the fine-earth
fraction; or

(3) 8 percent or more (absolute) higher than
in the surface horizon if that horizon has
more than 40 percent total clay in the fine-
earth fraction; and

* The kandic horizon and the kandi and kanhapli great groups of
goils represent the work of the International Committee on the
Classification of Low Activity Clays (ICOMLAC), chaired by
Frank R. Moormann.,




b. Ata depth

(1) Between 100 ¢cm and 200 ¢cm from the
mineral soil surface, if the particle-size
class throughout the upper 100 cm is
sandy; or

(2) Less than 125 cm from the mineral soil
surface, if the clay content in the fine-
earth fraction of the surface horizon is less
than 20 percent and the particle-size class
(of part or all of the upper 100 cm) is finer
than sandy; or

(3) Less than 100 cm from the mineral soil
surface, if the clay content in the fine-
earth fraction of the surface horizon is 20
percent or more.

Has a thickness of either:
a. 30 cm or more; or

b. 15 cm or more if there is a densic, lithie,
paralithic, or petroferric contact within 50 em
of the mineral soil surface, with the kandic
horizon constituting 60 percent or more of the
vertical distance between a depth of 18 cm and
the contact,

Has a texture of loamy very fine sand or finer.

Has a CEC of 16 cmol(+) or less per kg clay® (by 1N
NH,OAc pH 7) and an ECEC of 12 cmol(+) or less
per kg clay (sum of bases extracted with 1N
NH,OAc pH 7, plus 1N-KCl-extractable Al) in 50
percent or more of its thickness between the point
where the clay increase requirements are met and
either a depth of 100 cm below that point, or a
densic, lithie, paralithic, or petroferric contact if
shallower.

Has a regular decrease in organic-carbon content
with inereasing depth, no fine stratification, and no
overlying layers more than 30 cm thick that have
fine stratification and/or organic carbon contents
which decrease irregularly with increasing depth.

=

The percentage of clay is either meagured by the pipette
method, or estimated to be 2.5 times (percent water retained at
1500 kPa tension minus percent organie carbon), whichever
value ig higher, but no more than 100,



Natric horizon
The natric (NL. natrium, sodium) horizon is a special
kind of argillic horizon. It has, in addition to the

properties of the argillic horizon:

1. Either

a. Columns, or less commonly, prisms in some
(usually the upper) part, which may break to
blocks; or

b. Both blocky structure and eluvial materials,
which contain uncoated silt or sand grains, and
extend more than 2.5 cm into the horizon; and

2. Either

a. An exchangeable sodium percentage (ESP) of
15 percent or more (or a sodium adsorption
ratio, SAR, of 13 or more) in one or more
subhorizons within 40 cm of its upper bound-
ary; or

b. More exchangeable magnesium plus sodium
than caleium plus exchange acidity (at pH 8.2)
in one or more subhorizons within 40 em of its
upper boundary, if the ESP is 15 or more (or
the SAR is 13 or more) in one or more horizons
within 200 ¢m of the mineral soil surface.

Ortstein

Ortstein is a cemented horizon that consists of spodic
materials,

Ortstein has one of the following orientations:

1. As a relatively horizontal layer. This type of
orientation tends to be root restrictive and occurs
primarily in Aquods.

2. As vertical to irregular columns, tongues, pillars,
or bridges. This orientation tends to be less root
restrictive than the horizontal orientation. This
type of orientation occurs primarily in Orthods.

3. Asnodules. These may be remnants of one of the
orientations listed above.

Ortstein is 25 mm or more thick and 50 percent or
more (by volume) cemented. Continuous ortstein is 90
percent or more cemented and has lateral continuity
such that rootg cannot penetrate except along vertical
fractures, which have a horizontal spacing of 10 ¢cm or
more,
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Ortstein is differentiated from a placic horizon that is
within spodic materials solely on thickness. Placic
horizons within spodic materials are less than 25 mm
thick and ortatein is 25 mm or more thick.

Summ ropertie;
Ortstein has all of the following:
1. Consists of spodic materials; and

2. Isin a layer that is 50 percent or more cemented;
and

3. Is 25 mm or more thick.
Oxic horizon

The oxic (oxic modified from oxide) horizon is a
mineral subsurface horizon of sandy loam or a finer
particle size with low cation exchange capacity and
low weatherable-mineral content. Its upper boundary
is either 18 cm below the mineral soil surface or at the
lower boundary of an Ap horizon, whichever is deeper,
or at a greater depth where mineralogical and charge
characteristics meet the requirements for the oxic
horizon, Any increase in clay content at the upper
boundary must be diffuse. The lower boundary of the
oxic horizon is also defined by its mineralogical and
charge requirements and may, in addition, be defined
by the presence of saprolite with rock structure,

The oxic horizon does not have andic soil properties
(defined below), and has all the following characteris-
tics:

1. A thickness of 30 em or more; and

2. A particle size of sandy loam or finer in the fine-
earth fraction; and

3. Less than 10 percent weatherable minerals in the
50-to-200-micron fraction; and

4. Rock structure in less than 5 percent of its volume,
or sesquioxide coatings on lithorelics containing
weatherable minerals; and

5. A diffuse upper particle-size boundary, i.e., within
a vertical distance of 15 cm, a clay increase with
depth of:

a. Less than 4 percent (absolute) in its fine-earth
fraction if that of the surface horizon contains
less than 20 percent clay; or
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b. Less than 20 percent (relative) in its fine-earth
fraction if that of the surface horizon contains
20 to 40 percent clay; or

¢. Less than 8 percent (absolute) in its fine-earth
fraction if that of the surface horizon contains
40 percent or more clay); and

6. A CEC of 16 cmol(+) or less per kg clay” (by 1N
NH,OAc pH 7) and an ECEC of 12 cmol(+) or less
per kg clay (sum of bases extracted with 1IN
NH,OAc pH 7, plus 1N-KCl-extractable Al).

Petrocalcic horizon

The petrocalcic (Gr. petra, rock) horizon is an illuvial
horizon in which secondary calcium carbonate or other
carbonates have accumulated to the extent that the
horizon is cemented or indurated.

The petrocalcic horizon is indurated or cemented
throughout each pedon by calcium carbonate or, less
commonly, by calcium and magnesium carbonate, with
or without accessory gilica, to such a degree that dry
fragments do not slake in water and roots cannot enter
except in cracks that have a horizontal spacing of 10
c¢m or more, If soaked in acid, cementation of the
petrocalcic horizon is destroyed in half or more of its
lateral extent in each pedon. The horizon is commonly
massive or platy, very hard or harder and very firm or
firmer when moist. Its saturated hydraulic conductiv-
ity is commonly moderately low to very low unless the
horizon is fractured.

A laminar cap may be present but is not required.
If one is present, carbonates normally constitute half
or more by weight of the laminar horizon, Gravel,
sand, and silt grains have been separated by the
crystallization of carbonates in at least parts of the
laminar subhorizon,

A petrocalcic horizon must meet the following
requirements:

1. Itiscemented or indurated by carbonates with or
without silica or other cementing agents; and

2. Has a lateral continuity such that roots cannot
penetrate except along vertical fractures, which
have a horizontal spacing of 10 ¢cm or more; and

" The percentage of clay is either measured by the pipette
method, or estimated to be 3 times (percent water retained at
1500 kPa tension minus percent organic carbon), whichever
value is higher, but no more than 100,
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3. Has a thickness of:
a. 10 cm or more; or

b. 1 cm or more if it consists of a laminar capping
directly underlain by bedrock.

Petrogypsic horizon

The petrogypsic horizon is an illuvial horizon 10 em or
more thick in which secondary gypsum has accumu-
lated to the extent that the horizon is cemented or
indurated.

A petrogypsic horizon must meet the following
requirements:

1. It is cemented or indurated by gypsum with or
without other cementing agents; and

2. Has a lateral continuity such that roots cannot
penetrate except along vertical fractures, which
have a horizontal spacing of 10 em or more; and

3. Has a thickness of 10 cm or more; and

4. Ie b percent or more gypsum and the product of the
thickness in centimeters multiplied by the gypsum
content percentage is 150 or more.

Placic horizon

The placic (Gr. plax, plak-, flat stone) horizon is a thin,
black to dark reddish pan that is cemented either by
iron, or iron and manganese, or an iron-organic-matter
complex. It is generally between 2 and 10 mm thick,
but may be as thin as 1 mm or, in spots, up to 25 mm
thick, It is often associated with stratification in
parent materials. The placic horizon is in the solum,
commonly within 50 ¢cm of the mineral soil surface,
and roughly parallel with it. It has a pronounced
wavy or even convoluted form. Normally it occurs as a
single pan rather than as multiple sheets (one
underlying another), but it may be bifurcated. Itisa
barrier to water and roots.

If cemented by iron, the pan is strong brown to
dark reddish brown; if cemented by iron and manga-
nese or by iron-organic-matter complexes, it is black or
reddish black. A single pan may contain two or more
layers that are cemented by different agents; com-
monly iron-organic-matter complexes are found in the
upper part of the pan.

Unless its thickness is minimal, identification of a
placic horizon is seldom difficult because the hard,
brittle pan differs so much from the material in which
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it occurs and is so close to the mineral soil surface.
Analyses of placic horizons show that they contain
between 1 and more than 10 percent organic carbon.
The presence of organic carbon and the shape and
position of the placic horizon distinguish it from the
ironstone sheets that may form where water hangs, or
moves laterally, at a lithologic discontinuity.

Salic horizon

A salic (L. sal, salt) horizon is a horizon of accumula-
tion of salts which are more soluble than gypsum in
cold water.

A salic horizon is 15 cm or more thick and has for 90
consecutive days or more per year, in 6 or more years
out of 10:

1. An electrical conductivity (EC) equal to or greater
than 30 dS/m in a 1:1 soil : water extract; and

2. The product of the EC in dS/m and thickness in cm
equal 900 or more.

Sombric horizon

The sombric¢ (Sp. sombra, shade, hence dark) horizon
is a subsurface horizon of mineral soils which has
formed under free drainage. It contains illuvial
humus that is neither associated with aluminum, as is
the humus in the spodic horizon, nor dispersed by
sodium, as is common in the natric horizon. Conse-
quently the sombric horizon does not have the high
cation-exchange capacity in its clay that characterizes
a spodic horizon, and it does not have the high base
saturation of a natric horizon, It does not underlie an
albic horizon.

Sombric horizons are thought to be restricted to
the cool, moist soils of high plateaus and mountains in
tropical or subtropical regions. Because of strong
leaching, their base saturation is low (less than 50
percent by NH,OAc),

The sombric horizon has a lower color value or
chroma, or both, than the overlying horizon and
commonly contains more organic matter. It may have
formed in an argillic, a cambic, or an oxic horizon, If
peds are present, the dark colors are most pronounced
on surfaces of peds.

In the field, a sombric horizon is easily mistaken
for a buried A horizon. It can be distinguished from
some buried epipedons by lateral tracing. In thin
sections, the organic matter of a sombric horizon
appears more concentrated on peds and in pores
rather than uniformly dispersed through the matrix.
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Spodic horizon

The spodic (Gr. spodos, wood ash) horizon is an illuvial
layer that is 2.5 em or more thick, is not part of an Ap
horizon, and contains 85 percent or more spodic
materials (defined below).

Spodic materials contain illuvial active amorphous
materials composed of organic matter and aluminum,
with or without iron. The term “active” is used here to
describe materials that have a high pH-dependent
charge, a large surface area, and high water retention.
In uncultivated soils the spodic horizon normally lies
below an albic horizon; less commonly, it is either
under an ochric epipedon that does not meet the color
requirements of an albic horizon, or in or under an
umbric epipedon. In some soils the spodic horizon is
at the surface of the mineral soil directly below a thin
O horizon. In cultivated soils it generally occurs
directly below the Ap horizomn.

Sulfuric horizon

The sulfuric (L. sulfur) horizon is 15 em or more thick
and is composed of either mineral or organic soil
material that has a pH value of 3.5 or less (1:1 by
weight in water, or in a minimum of water to permit
measurement) and shows evidence that the low pH
value is caused by sulfuric acid. The evidence is one or
more of the following:

1. Jarosite concentrations, or

2. Directly underlying sulfidic materials (defined
below), or

3. 0.05 percent or more water-soluble sulfate.

A sulfuric horizon forms as a result of drainage, most
commonly artificial, and oxidation of sulfide-rich
mineral or organic soil materials. Such a horizon is
highly toxic to most plants. It may also form in places
where sulfidic materials have been exposed as a result
of surface mining, road construction, dredging, or
other earth-moving operations.

Other Diagnostic Soil Characteristics
Abrupt textural change

An abrupt textural change is a specific kind of change
that may occur between an ochric epipedon or albic
horizon and an argillic horizon. It is characterized by
a considerable increase in clay content within a very
short vertical distance in the zone of contact. If the
clay content of the fine-earth fraction of the ochric
epipedon or albic horizon is less than 20 percent, it
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doubles within a vertical distance of 7.5 ¢cm or less. If
the clay content of the fine-earth fraction of the ochric
epipedon or albic horizon is 20 percent or more, there
is an increase of 20 percent or more (absolute) within a
vertical distance of 7.5 ¢m or less (e.g., an increase
from 22 to 42 percent), and the clay content in some
part of the argillic horizon is two times or more the
amount contained in the overlying horizon,

Normally there is no transitional horizon between an
ochric epipedon or albic horizon and an argillic
horizon, or it is too thin to be sampled. Some soils,
however, have a glossic horizon or interfingering of
albic materials (defined below) in parts of the argillic
horizon. The upper boundary of such a horizon is
irregular or even discontinuous. Sampling this
mixture as a single horizon might create the impres.
sion of a relatively thick transitional horizon, whereas
the thickness of the actual transition at the contact
may be no more than 1 mm,

Albic materials (L. albus, white)

Albic materials are soil materials with a color that is
largely determined by the color of primary sand and
silt particles, rather than by the color of their coatings.
The definition implies that clay and/or free iron oxides
have been removed from the materials, or the oxides
have been segregated to such an extent that the color
of the materials is largely determined by the color of
the primary particles.

Albic materials have one of the following colors:
1. A chroma of 2 or less, and either:

a. A color value, moist, of 3 or more, and a color
value, dry, of 6 or more; or

b. A color value, moist, of 4 or more, and a color
value, dry, of 5 or more; or

2. A chroma of 3 or less, and
a. A color value, moist, of 6 or more; or
b. Acolor value, dry, of 7 or more; or
¢. A chroma that is controlled by the color of
uncoated grains of silt or sand, a hue of 5YR or
redder, and color values listed in 1.a or 1.b
above,
Relatively unaltered layers of light-colored sand,

voleanic ash, or other materials deposited by wind or
water are not considered albic materials, although
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they may have the same color and apparent morphol-
ogy. These deposits are parent materials which have
not had clay and/or free iron removed and do not
overlie an illuvial horizon or other soil horizon except
a buried soil. Light-colored krotovina or filled root
channels should only be considered albic materials if
they have no fine stratifications or lamellae, if any
sealing along krotovina walls has been destroyed, and
if these intrusions have, after deposition, been leached
of free iron oxides and/or clay.

Andic soil properties (Japn. ando, dark seil)

Andic soil properties result mainly from the presence,
in soils, of significant amounts of allophane, imogolite,
ferrihydrite or aluminum-humus complexes.

The concept of Andisols includes weakly weath-
ered soils with much volcanic glass as well as more
strongly weathered soils rich in short-range-order
minerals. Hence the content of volcanic glass is one of
the characteristics used in defining andic soil proper-
ties.

Volcanic glass is defined as optically isotropic
translucent glass or pumice of any color, including
glassy aggregates and glass coatings on other mineral
grains. Composite grains must have at least 50
percent by volume of voleanic glass to be counted as
volcanic glass.

Most horizons that have andic goil properties
consist of mineral soil materials but some consist of
organic soil materials but they must have less than 25
percent organic carbon.

To be recognized as having andic soil properties,
soil materials must contain less than 25 percent (by
weight) organic carbon and meet one or both of the
following requirements:

1. In the fine-earth fraction, all of the following:
a. Aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling 2.0 percent or

more, and

b. Abulk density, measured at 33 kPa water
retention, of 0.90 g/cmsor less, and

c. A phosphate retention® of 85 percent or more;
or

¢ Blakemore, [.C., PL. Searle, and B.K. Daly. 1987. Methods for
chemical analysis of soils. NZ Soil Bureau Scientific Report 80.
pp. 44-45.
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2. Inthe fine-earth fraction, a phosphate retention of
25 percent or more, 30 percent or more particles of
0.02 to 2.0 mm, and one of the following;

a. Aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling 0.40 or more and,
in the 0.02-to-2.0-mm fraction, 30 percent or
more volcanic glass; or

b. Aluminum plus 1/2 iron percentages (by ammo
nium oxalate) totaling 2.0 or more and, in the
0.02-t0-2.0-mm fraction, 5 percent or more
voleanic glass; or

c. Aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling between 0.40 and
2.0 and, in the 0.02-t0-2.0-mm fraction, enough
volcanic glass so that the glass percentage,
when plotted against the value obtained by
adding aluminum plus 1/2 iron percentages in
the fine-earth fraction, falls within the shaded
area of Figure 1.
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Figure 1I— Soils that plot in the shaded area have Andix soil
properties if the less-than-2.0 mm fraction has phosphate
retention of more than 25 percent and the 0.02-to 2.0 mm
fraction is at least 30 percent of the less-than2.0 mm fraction.
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Aquic conditions?® (L. aqua, water)

Soils with aquic conditions are those which currently
experience continuous or periodic saturation and
reduction. The presence of these conditions is
indicated by redoximorphic features (defined below)
and can be verified, except in artificially drained
80ils!® by measuring saturation and reduction.

Elements of aquic conditions:

1. Saturation is characterized by zero or positive
pressure in the soil-water and can generally be
determined by observing free water in an unlined
auger hole. However, problems may arise in clayey
soils with peds, where an unlined auger hole may
fill with water flowing along faces of peds while the
soil matrix is and remains unsaturated (bypass
flow). Such free water may incorrectly suggest the
presence of a water table, while the actual water
table occurs at greater depth. Use of well-sealed
piezometers or tensiometers is therefore recom-
mended for measuring saturation. Problems may,
however, still occur if water runs into pyrometer
slits near the bottom of the pyrometer hole or if
tensiometers with slowly reacting manometers are
used. The first problem can be overcome by using
piezometers with smaller slits, and the second by
using transducer tensiometry, which reacts faster
than manometers. Soils are considered wet if they
have pressure heads greater than -1 kPa. Only
macropores such as cracks between peds or
channels are then filled with air, while the soil
matrix is usually still saturated. Obviously, exact
measurements of the wet state can only be
obtained with tensiometers. For operational
purposes, the use of piezometers is recommended
as a standard method.

The duration of saturation required for creating
aquic conditions is variable, depending on the soil
environment, and is not specified.

? The term aquic conditions was introduced, and other changes
were made throughout Soil Taxonomy, in 1992 as a result of
recommendations submitted to NRCS by the Internaitonal
Committee on Aquic Moisture Regime (ICOMAQ), which was
established in 1982 and chaired initially by Frank Moormann,
then by Johan Bouma since 1985.

1 Artificial drainage ig defined here as removal of free water from
soils having aquic conditions by surface mounding, ditches, or
subsurface tiles to the extent that watertable levels are changed
significantly in connection with specific types of land use. In the
Keys, artificially drained soils are included with zoils that have
aquic conditions.
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Three types of saturation are defined:

a. Endosaturation.—The soil is saturated with
water in all layers from the upper boundary of
saturation to a depth of 200 ecm or more from
the mineral soil surface.

b. Episaturation.—The soil is saturated with
water in one or more layers within 200 cm of
the mineral so0il surface and also has one or
more unsaturated layers, with an upper
boundary above 200 ¢m depth, below the
saturated layer. The zone of saturation, i.e.,
the water table, is perched on top of a rela-
tively impermeable layer.

¢. Anthric saturation.—This variant of
episaturation is associated with controlled
flooding (for such crops as wetland rice and
cranberries), which causes reduction processes
in the saturated, puddled surface soil and
oxidation of reduced and mobilized iron and
manganese in the unsaturated subsoil.

2. The degree of reduction in a soil can be character-
ized by the direct measurement of redox potentials.
Direct measurements should take into account
chemical equilibria as expressed by stability
diagrams in standard soil textbooks. Reduction
and oxidation processes are also a function of soil
pH. Accurate measurements of the degree of
reduction existing in a soil are difficult to obtain.
In the context of Soil Taxonomy, however, only a
degree of reduction that results in reduced Fe is
considered, because it produces the visible
redoximorphic features that are identified in the
keys. A simple field test is available to determine
if reduced iron ions are present. A freshly broken
surface of a field-wet soil sample is treated with
a,a'-dipyridyl" in neutral, 1-normal ammonium-
acetate solution. The appearance of a strong red
color on the freshly broken surface indicates the

1t A pogitive reaction to the a,a'-dipyridyl field test for ferrous iron
(Childs, 1981*) may be used to confirm the existence of reducing
conditions and is especially useful in situations where, despite
saturation, normal morphological indicators of such conditions
are either absent or obscured (as by the dark colors characteris-
tic of melanic great groups). A negative reaction, however, does
not imply that reducing conditions are always absent; this may
only mean that the level of free iron in the soil is below the
sensitivity limit of the test or that the soil 1s in an oxidized
phase at the time of testing,

*

Childs, C.W. 1981, Field test for ferrous iron and ferric-organic
complexes (on exchange sites or in water-soluble forms) in soila.
Australilan Journal of Soil Research 19: 175-180,
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presence of reduced iron ions. Use of a,a’-dipyridyl
in a 10-percent acetic-acid solution is not recom-
mended because the acid is likely to change soil
conditions, for example by dissolving CaCO,.

The duration of reduction required for creating
aquic conditions is not specified,

. Redoximorphic features associated with wetness

result from the reduction and oxidation of iron and
manganese compounds in the soil after saturation
with water and desaturation, respectively, The
reduced iron and manganese ions are mobile and
may be transported by water as it moves through
the soil. Certain redox patterns occur as a function
of the patterns in which the ion-carrying water
moves through the goil, and of the location of
aerated zones in the goil. Redox patterns are also
affected by the fact that manganese is reduced
more rapidly than iron, while iron oxidizes more
rapidly upon aeration, Characteristic color
patterns are created by these processes. The
reduced iron and manganese ions may be removed
from a soil if vertical or lateral fluxes of water
oceur, in which case there is no iron or manganese
precipitation in that soil. Wherever the iron and
manganese is oxidized and precipitated, it forms
either soft masses or hard concretions or nodules,
Movement of iron and manganese as a result of
redox processes in a soil may result in
redoximorphic features that are defined as follows:

a. Redox concentrations.—These are zones of
apparent accumulation of Fe-Mn oxides,
including:

(1) Nodules and concretions, ie., cemented
bodies that can be removed from the soil
intact. Concretions are distinguished from
nodules on the basis of internal organiza-
tion. A concretion typically has concentric
layers that are visible to the naked eye.
Nodules do not have visible organized
internal structure. Boundaries commonly
are diffuse if formed in situ and sharp
after pedoturbation;

(2) Masses are noncemented concentrations of
substances within the matrix; and

(3) Pore linings, i.e., zones of accumulation
along pores which may be either coatings
on pore surfaces or impregnations from
the matrix adjacent to the pores.
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b. Redox depletions.—These are zones of low
chroma (2 or less) where either Fe-Mn oxides
alone or bath Fe-Mn oxides and clay have been
stripped out, including;

(1) Iron depletions, i.e., zones which contain
low amounts of Fe and Mn oxides but have
a clay content similar to that of the
adjacent matrix (often referred to as
albans or neoalbans); and

(2) Clay depletions, i.e., zones which contain
low amounts of Fe, Mn, and clay (often
referred to as silt coatings or skeletans).

¢. Reduced matrix.—This is a soil matrix which
has a low chroma in situ, but undergoes a
change in hue or chroma within 30 minutes
after the soil material has been exposed to air.

d. In soils that have no visible redoximorphic
features, a positive reaction to an a,a’-dipyridyl
solution satisfies the requirement for
redoximorphic features.

Field experience indicates that it is not possible to
define a specific set of redoximorphic features that is
uniquely characteristic of all the taxa in one particular
category. Therefore color patterns that are unique to
specific taxa are referenced in the keys.

Anthraquic conditions represent a special kind of

aquic conditions which occur in soils that are culti-
vated and irrigated. Soils with anthraquic conditions
must meet the requirements for aquic conditions and
in addition have both of the following:

a. A tilled surface layer and a directly underlying
slowly permeable layer which have, for three
months or more per year in most years, both
(1) Saturation and reduction; and

(2) A chroma of 2 or less in the matrix; and

b. A subsurface horizon with one or more of the
following:

(1) Redox depletions with a color value, moist,
of 4 or more and a chroma of 2 or less in

macropores, or

(2) Redox concentrations of iron; or
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(3) Two times or more the amount of iron
(by dithionite citrate) contained in
the tilled surface layer.

Coefficient of linear extensibility (COLE)

The coefficient of linear extensibility (COLE) is the
ratio of the difference between moist length and dry
length of a clod, to its dry length. It is (Lm - Ld)/Ld,
where Lm is the length at 33 kPa tension and Ld is
the length when dry, COLE can be calculated from the
differences in bulk density of the clod when moist and
when dry. An estimate of COLE can be calculated in
the field by measuring the distance between two pins
in a clod of undisturbed soil at field capacity and again
after the clod has dried. COLE does not apply if the
shrinkage is irreversible,

Densic contact

A densic contact (L. densus, thick) is a contact between
soil and densic materials (defined below) that has no
cracks or the spacing of cracks that roots can enter is
10 cm or more. It differs from both the lithic contact
and the paralithic contact in that air dried fragments
of the material forming a densic contact slake when
submerged in water.

Densic materials

Densic materials are relatively unaltered (do not meet
requirements for any other named diagnostic horizons
nor any other diagnostic soil characteristic) materials
that have a non-cemented rupture resistance class.
The bulk density or the organization is such that roots
cannot enter except in cracks. These are mostly
earthy materials such as till, volcanic mudflows, and
some mechanically compacted materials such as mine
spoils. Some non-cemented rocks can also be densic
materials, if they are dense or resistant enough to
prevent roots from entering except in cracks.

Densic materials have at their upper boundary a
densic contact if the it has no cracks or the spacing of
cracks that roots can enter is 10 ¢m or more. Densic
materials can be used to differentiate soil series if the
materials are within the series control section (defined
below).

Durinodes (L. durus, hard; nodus, knot)

Durinodes are weakly cemented to indurated nodules.
The cement is 8i0, presumably opal and microcrys-
talline forms of silica. It breaks down in hot concen-
trated KOH after treatment with HC] to remove
carbonates, but does not break down with concen-
trated HCI alone. Dry durinodes do not slake appre-
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ciably in water, but prolonged soaking can result in
spalling of very thin platelets and in some slaking.
Durinodes are firm or very firm; they are brittle when
wet, both before and after treatment with acid; and
they are disconnected and have a diameter of 1 em or
more. Most durinodes are roughly concentric when
viewed in cross section, and concentric stringers of
opal may be visible under a hand lens.

Fragic Soil Properties

Fragic soil properties are similar to the essential
properties of the fragipan. They have neither the
layer thickness nor volume requirements of the
fragipan. Fragic soil properties are in subsurface
horizons, although they can be at or near the surface
in truncated soils. Aggregates with fragic soil proper-
ties have a firm or firmer consistence and a brittle
manner of failure when soil water is at or near field
capacity. Air-dry fragments of the natural fabric, 5 to
10 cm in diameter slake when they are submerged in
water. Aggregates with fragic soil properties have
evidence of pedogenesis, including one or more of the
following: Oriented clay within the matrix or on faces
of peds; Redoximorphic features within the matrix or
on faces of peds; Strong or moderate soil structure;
And coatings of albic materials or uncoated silt and
sand grains on faces of peds or in seams. Peds with
these properties are considered to have fragic soil
properties regardless of whether the density and
brittleness are pedogenic or not.

Soil aggregates with fragic soil properties must:

1. Have evidence of pedogenesis within the
aggregates or at a minimum, on the faces of
the aggregates; and

2. Slake when air-dry fragments of the natural
fabric, 5 to 10 cm in diameter, are submerged
in water; and

3. Have a firm or firmer consistence and a brittle
manner of failure when soil water is at or near
field capacity; and

4. Restrict the entry of roots into the matrix when
goil water is at or near field capacity.

Identifiable Secondary Carbonates

Identifiable secondary carbonates is a term used in the
definitions of a number of taxa. It refers to translo-
cated authigenic calcium carbonate that has been
precipitated in place from the soil solution rather than
inherited from a soil parent material such as a
calcareous loess or till.
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Identifiable secondary carbonates may either
disrupt the soil structure or fabric to form masses,
nodules, concretions, or spheroidal aggregates (white
eyes) that are soft and powdery when dry; or it may be
present as coatings in pores, on structural faces, or on
the undersides of rock or pararock fragments. If
present as coatings, it covers a significant part of the
surfaces, Commonly, it coats all of them to a thickness
of 1 mm or more; but if little calcium carbonate is
present in the goil, the surfaces may be only partially
coated. The coatings must be thick enough to be
visible when moist. In some horizons with much
calcium carbonate the entire horizon is colored by
gecondary carbonates.

The filaments (pseudomycelia) commonly seen in a
dry calcareous horizon are within the meaning of
identifiable secondary carbonates, if the filaments are
thick enough to be visible when the soil is moist.
Filaments commonly branch on structural faces.

Interfingering of albic materials

The term interfingering of albic materials means albic
materials that penetrate 5 ¢cm or more into an
underlying argillic or natric horizon along vertical
and, to a lesser degree, horizontal faces of peds. There
need not be a continuous overlying albic horizon. The
albic materials constitute less than 15 percent of the
layer which they penetrate, but they form continuous
skeletans (ped coatings of clean silt or sand defined by
Brewer, 1964) 1 mm or more thick on the vertical ped
faces, which means a total width of 2 mm or more
between abutting peds. Because quartz is such a
common constituent of silt and sand, these skeletans
are usually light gray when moist and nearly white
when dry, but their color is determined in large part
by the color of the sand or silt fraction.

Interfingering of albic materials is recognized if albic
materials:

1. Penetrate 5 cm or more into an underlying argillic
or natric horizon; and

2. Are 2 mm or more thick between vertical faces of
abutting peds; and

3. Constitute less than 15 percent (by volume) of the
layer which they penetrate.

Lamellae
A lamella is an illuvial horizon less than 7.5 em thick.

Each lamella contains an accumulation of oriented
gilicate clay on or bridging the sand and silt grains
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(and coarse fragments if any are present). Each
lamella is required to have more silicate clay than the
overlying eluvial horizon.

Lamellae occur in a vertical series of 2 or more
and each lamella must have an overlying eluvial
horizon. (An eluvial horizon is not required above the
upper most lamella if the soil is truncated.)

Lamellae may meet the requirements of either a
cambic or an argillic horizon, A single lamellaisa
cambic horizon if the texture is very fine sand or
loamy very fine sand or finer. A combination of two or
more lamellae will meet the requirements of an
argillic horizon if there is 15 cm or more cumulative
total thickness of lamellae that are 0.5 cm or more
thick and that have a clay content of either;

1. Three percent or more (absolute) higher than in
the overlying eluvial horizon (e.g. 13 percent
versus 10 percent) if any part of the eluvial horizon
has less than 15 percent clay in the fine earth
fraction or,

2. Twenty percent or more (relative) higher than in
the overlying eluvial horizon (e.g. 24 pereent
versus 20 percent) if all parts of the eluvial horizon
have more than 15 percent clay in the fine earth
fraction.

Linear extensibility (LE)

The linear extensibility (LE) of a soil layer is the
product of the thickness, in centimeters, multiplied by
the COLE of the layer in question. The LE of a soil is
the sum of these products for all soil horizons.

Lithic contact (Gr. lithos, stone)

A lithic contact is the boundary between soil and a
coherent underlying material. Except in Ruptic-Lithic
subgroups the underlying material must be virtually
continuous within the limits of a pedon. Cracks that
can be penetrated by roots are few, and their horizon-
tal spacing is 10 em or more. The underlying material
must be sufficiently coherent when moist to make
hand-digging with a spade impractical, although the
material may be chipped or scraped with a spade. If it
consists of a single mineral, it must have a hardness
by Mohs scale of 3 or more; otherwise, chunks of
gravel size that can be broken out must not disperse
during 15 hours of shaking in water or in a sodium
hexametaphosphate solution. The underlying
material considered here does not include diagnostic
soil horizons such as a duripan or a petrocalcic
horizon.
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A lithic contact is diagnostic at the subgroup level if it
is within 125 cm of the mineral so0il surface of Oxisols
and within 50 cm of the mineral soil surface of all
other mineral soils,

n value

The r value (Pons and Zonngyeld, 1965) characterizes
the relation between the percentage of water in a soil
under field conditions and its percentages of inorganic
clay and humuys. The n value is helpful in predicting
whether a soil can be grazed by livestock or can
support other loads, and in predicting what degree of
subsidence would occur after drainage. For mineral
soil materials that are not thixotropic, the n value can
be calculated by the formula:

n=(A-02R)/(L+ 3H)

A is the percentage of water in the soil in field
condition, calculated on a dry-soil basis; R is the
percentage of gilt plus sand; L is the percentage of
clay; and H is the percentage of organic matter
(percent organic carbon multiplied by 1.724).

Few data are available in the United States for
calculations of the n value, but the critical n value of
0.7 can be approximated closely in the field by a
simple test of squeezing a soil sample in the hand. If
the soil flows between the fingers with difficulty, the n
value is between 0.7 and 1.0; if the goil flows easily
between the fingers, the n value is 1 or more.

Paralithic contact

A paralithic (lithic like) contact is a contact between
soil and paralithic materials (defined below) where the
paralithic materials have no ¢racks or the spacing of
cracks that roots can enter is 10 cm or more. It differs
from the densic contact and the lithic contact in that
the material forming a densic contact slakes when air
dried fragments are submerged in water and the
material forming a lithic contact is in a strongly
cemented or more cemented rupture resistance class
(rock fragments).

Paralithic materials

Paralithic materials are relatively unaltered (do not
meet requirements for any other named diagnostic
horizons or other diagnostic soil characteristic)
materials that have a very weakly cemented to
moderately cemented rupture resistance class.
Cementation, bulk density, and the organization is
such that roots cannot enter except in cracks.
Paralithic materials have at their upper boundary a
paralithic contact if the paralithic materiale have no
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cracks or if the spacing of cracks that roots can enter
is 10 cm or more. Commonly these materials are
partially weathered bedrock or weakly consolidated
bedrock such as sandstone, siltstone, or shale.
Paralithic materials can be used to differentiate soil
series if the materials are within the series control
section (defined below). Fragments of paralithic
materials, 2.0 mm or more in diameter, are referred to
as pararock fragments.

Permafrost

Permafrost is a layer in which the temperature is
perennially at or below 0°C, whether its consistence is
very hard or loose. Dry permafrost has loose conais-
tence.

Petroferric contact (Gr. petra, rock, and L. ferrum,
iron)

A petroferric contact is a boundary between soil and a
continuous layer of indurated material in which iron is
an important cement and organic matter is either
absent or present only in traces. The indurated layer
must be continuous within the limits of each pedon,
but may be fractured if the average lateral distance
between fractures is 10 ¢cm or more. The fact that this
ironstone layer contains little or no organic matter
distinguishes it from a placic horizon and from an
indurated spodic horizon (ortstein, see below), both of
which contain organic matter.

Several features can aid in making the distinction
between a lithic and a petroferric contact. First, a
petroferric contact is roughly horizontal. Second, the
material directly below a petroferric contact contains a
high amount of iron (normally 30 percent or more
Fe,O)). Third, the ironstone sheets below a petroferric
contact are thin; their thickness ranges from a few
centimeters to very few meters. Sandstone, on the
other hand, may be thin or very thick, may be level-
bedded or tilted, and may contain only a small
percentage of Fe,0,. In the tropics, the ironstone is
generally more or less vesicular.

Plinthite (Gr. plinthos, brick)

Plinthite is an iron-rich, humus-poor mixture of clay
with quartz and other dilutents. It commonly occurs
as dark red redox concentrations which usually form
platy, polygonal, or reticulate patterns. Plinthite
changes irreversibly to an ironstone hardpan or to
irregular aggregates on exposure to repeated wetting
and drying, especially if it is also exposed to heat from
the sun. The lower boundary of a zone in which
plinthite occurs is usually diffuse or gradual, but it
may be abrupt at a lithologic discontinuity.
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Generally, plinthite forms in a horizon that is satu-
rated with water for some time during the year.
Initially, iron is normally segregated in the form of
soft, more or less clayey, red or dark red redox
concentrations. These redox concentrations, however,
are not considered plinthite unless there has been
enough segregation of iron to permit their irreversible
hardening on exposure to repeated wetting and
drying. Plinthite in the soil is usually firm or very
firm when the soil moisture content is near field
capacity, and hard when the moisture content is below
the wilting point. Plinthite does not harden irrevers-
ibly as a result of a single cycle of drying and
rewetting; after a single drying, it will remoisten and
can then be dispersed in large part by shaking in
water with a dispersing agent.

In a moist soil, plinthite is soft enough so that it
can be cut with a spade. After irreversible hardening,
it is no longer considered plinthite but is called
ironstone. Indurated ironstone materials can be
broken or shattered with a spade but cannot be
dispersed by shaking in water with a dispersing agent.

Sequum and bisequum

The sequence of an eluvial horizon and the underlying
B horizon, if one is present, is called a sequum. For
example, an albic horizon and a spodic horizon directly
below it, or a mollic epipedon and an underlying
cambic horizon, or an argillic horizon and a % horizon
directly below it, constitute a sequum, If two sequa
are present in vertical sequence in a single soil, that
sequence is called a bisequum.

Slickensides

Slickensides are polished and grooved surfaces that
are produced by one soil mass sliding past another.
Some slickensides occur at the lower boundary of a
slip surface where a mass of soil moves downward on a
relatively steep slope. Slickensides are very common
in swelling clays that undergo marked changes in
moisture content,

Soil moisture regimes

The term soil moisture regime refers to the presence or
absence either of ground water or of water held at a
tension of less than 1500 kPa, in the soil or in specific
horizons, by periods of the year. Water held at a
tension of 1500 kPa or more is not available to keep
most mesophytic plants alive. The availability of
water is also affected by dissolved salts. But if a soil is
saturated with water that is too salty to be available
to most plants, we call such a goil salty rather than
dry. Consequently, a horizon is considered dry when
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the moisture tension is 1500 kPa or more, and is
considered moist if water is held at a tension of less
than 1500 kPa but more than zero. A soil may be
continuously moist in some or all horizons either
throughout the year or for some part of the year. It
may be either moist in winter and dry in summer, or
the reverse. In the northern hemisphere, summer
refers to the months of June, July, and August, and
winter means December, January, and February.

Soil moisture control section

The intent in defining the soil moisture control section
is to facilitate estimation of soil moisture regimes from
climatic data. The upper boundary of this control
section is the depth to which a dry (tension of more
than 1500 kPa, but not air-dry) soil will be moistened
by 2.5 ¢cm of water within 24 hours. The lower
boundary is the depth to which a dry soil will be
moistened by 7.5 cm of water within 48 hours. These
depths do not include the depth of moistening along
any cracks or animal burrows that are open to the
surface.

If 7.5 em of water moistens the soil to a densic,
lithie, paralithic, or petroferric contact or to a
petrocalcic horizon or a duripan, the upper boundary
of the rock or of the cemented horizon constitutes the
lower boundary of the soil moisture control section. If
a soil is moistened to one of these contacts or horizons
by 2.5 cm of water, the soil moisture control section is
the lithic contact itself, the densic or paralithic
contact, or the upper boundary of the cemented
horizon. The control section of such a soil is conaid-
ered moist if the upper boundary of the rock or the
cemented horizon has a thin film of water. If that
upper boundary is dry, the control section is consid-
ered dry.

The moisture control section of a s0il extends
approximately; (1) from 10 to 30 cm below the soil
gurface if the particle-size class of the soil is fine-
loamy, coarse-silty, fine-silty, or clayey; (2) from 20 to
60 cm if the particle-size class is coarse-loamy; and (3)
from 30 to 90 cm if the particle-size class is sandy. If
the soil contains coarse fragments that do not absorb
and release water, the limits of the moisture control
section are deeper. In addition to the particle-size
class, the limits of the soil moisture control section are
also affected by differences in soil structure or pore-
gize distribution, or by other factors that influence
movement and retention of water in the soil.
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Classes of so0il moisture regimes

The soil moisture regimes are defined in terms of the
groundwater level, and in terms of the seasonal
presence or absence of water held at a tension of less
than 1500 kPa in the moisture control section. It is
assumed in the definitions that the soil supports
whatever vegetation it is capable of supporting, i.e., it
may be in crops, grass, or native vegetation, but it is
not being irrigated, nor fallowed to increase the
amount of stored moisture. These cultural practices
affect the soil moisture conditions as long as they are
continued,

Aquic moisture regime.—The aquic (L. aqua, water)
moisture regime signifies a reducing regime in a soil
that is virtually free of dissolved oxygen because it is
saturated by ground water or by water of the capillary
fringe. Some goils at times are saturated with water
while dissolved oxygen is present, either because the
water is moving or because the environment is
unfavorable for micro-organisms (e.g., if the
temperature is less than 1°C); such a regime is not
considered aquic.

It is not known how long a soil must be saturated
to have an aquic moisture regime, but the duration
must be at least a few days, because it is implicit in
the concept that dissolved oxygen is virtually absent.
Because dissolved oxygen is removed from ground
water by respiration of micro-organisms, roots, and
soil fauna, it is also implicit in the concept that the soil
temperature is above biologic zero (5°C) for some time
while the soil is saturated.

Very commonly, the level of ground water fluctu-
ates with the seasons; it ig highest in the rainy season,
or in fall, winter, or spring if cold weather virtually
stops evapotranspiration. There are soils, however, in
which the ground water is always at or very close to
the surface. A tidal marsh and a closed, landlocked
depression fed by perennial streams are examples.
Such soils are considered to have a peraguic moisture
regime.

The distinction between the aquic moisture regime
and the peraquic moisture regime is not closely
defined because neither regime is used as a criterion
for taxa. These terms can, however, be used in
descriptions of taxa.

Some soils with an aquic moisture regime also
have a xerie, ustic, or aridic (torric) moisture regime,
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Aridic and torric (L. aridus, dry, and L. torridus,*
hot and dry) moisture regimes.—These terms are
used for the same moisture regime but in different
categories of the taxonomy.

In the aridic (torric) moisture regime, the moisture
control section is, in 6 or more out of 10 years,

1. Dry in all parts for more than half the cumulative
days per year when the soil temperature at a depth
of 50 em from the soil surface is above 5°C; and

2. Moist in some or all parts for less than 90 consecu-
tive days when the soil temperature at a depth of
50 ¢m is above 8°C.

Soils that have an aridic or a torric moisture
regime normally occur in arid climates. Afew are in
semiarid climates and either have physical properties
that keep them dry, such as a crusty surface that
virtually precludes infiltration of water, or they are
very shallow over bedrock. There is little or no
leaching in these moisture regimes, and soluble salts
accumulate in the soil if there is a source of them,

The limits set for soil temperature exclude from
these moisture regimes the very cold and dry polar
regions and high elevations. The data available on the
soils of those regions are so fragmentary that no
provision is made for their moisture regimes in this
taxonomy.

Udic moisture regime.-—The udic (L. udus, humid)
moisture regime implies that, in 6 or more out of 10
years, the s0il moisture control section is not dry in
any part for as long as 90 cumulative days per year. If
the mean annual soil temperature is lower than 22°C
and if the mean winter and mean summer soil
temperatures at a depth of 50 em from the soil surface
differ by 5°C or more, the soil moisture control section,
in 6 or more out of 10 years, is dry in all parts for less
than 45 consecutive days in the 4 months following the
summer solstice. In addition, the udic moisture
regime requires, except for short periods, a three-
phase system, solid-liquid-gas, in part or all of the soil
moisture control section when the soil temperature is
above 5°C.

The udic moisture regime is common to the soils of
humid climates which have well-distributed rainfall,
or which have enough rain in summer so that the

2 Torridus i not a very satisfactory root, but a better, more
precise root could not be used. Soils have a torrie moisture
regime are hot and dry in summer, although they may not be
hot throughout the year,
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amount of stored moisture plus rainfall is approxi-
mately equal to, or exceeds, the amount of evapotrans-
piration. Water moves down through the soil at some
time in most years.

In climates where precipitation exceeds evapo-
transpiration in all months of most years, the mois-
ture tension rarely goes up to 100 kPa in the soil
moisture control section, although there are occasional
brief periods when some stored moisture is used, The
water moves through the soil in all months when it is
not frozen. Such an extremely wet moisture regime is
called perudic (L. per, throughout in time; L. udus,
humid). In the names of most taxa, the formative
element ud is used to indicate either a udic or a
perudic regime; the formative element per is used in
gelected taxa,

Ustic moisture regime.—The ustic (L. ustus, burnt,
implying dryness) moisture regime is intermediate
between the aridic and the udic regime. Its concept is
one of moisture that is limited but is present at a time
when conditions are suitable for plant growth. The
concept of the ustic moisture regime is not applied to
soils that have cryic or pergelic soil temperature
regimes (defined below).

If the mean annual soil temperature is 22°C or
higher or if the mean summer and winter soil tem-
peratures differ by less than 5°C at a depth of 50 cm
below the soil surface, the soil moisture control section
in the ustic moisture regime, in 6 or more out of 10
years, is dry in some or all parts for 90 or more
cumulative days per year. But the moisture control
section is moist in some part either for more than 180
cumulative days per year, or for 90 or more consecu-
tive days.

If the mean annual soil temperature is lower than
22°C and if the mean summer and winter soil tem-
peratures differ by 5°C or more at a depth of 50 cm
from the soil surface, the soil moisture control section
in the ustic regime is dry in some or all parts for 90 or
more cumulative days per year in most years. But it is
not dry in all parts for more than half the cumulative
days when the soil temperature at a depth of 50 cm is
higher than 5°C. If the moisture control section, in 6
or more out of 10 years, is moist in all parts for 45 or
more consecutive days in the 4 months following the
winter solstice, the moisture control section is dry in
all parts for less than 45 consecutive days in the 4
months following the summer solstice.

In tropical and subtropical regions that have a
mongoon climate with either one or two dry seasons,
summer and winter seasons have little meaning. In
those regions, the moisture regime is ustic if there is
at least one rainy season of 3 months or more. In
temperate regions of subhumid or semiarid climates,
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the rainy seasons are usually spring and summer or
spring and fall, but never winter. Native plants are
mostly annuals, or plants that have a dormant period
while the soil is dry.

Xeric moisture regime.—The xeric moisture regime
(Gr. xeros, dry) is the typical moisture regime of
Mediterranean climates, where winters are moist and
cool and summers are warm and dry. The moisture,
coming during the winter when potential
evapotranspiration is at 2 minimum, is particularly
effective for leaching. In a xeric moisture regime the
soil moisture control section, in 6 or more out of 10
years, ig dry in all parts for 45 or more consecutive
days in the 4 months following the summer solstice,
and moist in all parts for 45 or more consecutive days
in the 4 months following the winter solstice. Also, in
6 or more out of 10 years, the moisture control section
is moist in some part for more than half the
cumulative days per year when the soil temperature at
a depth of 50 cm from the soil surface is higher than
5°C, or for 90 or more consecutive days when the soil
temperature at a depth of 50 cm is higher than 8°C.
The mean annual soil temperature is lower than 22°C,
and mean summer and mean winter soil temperatures
differ by 5°C or more either at a depth of 50 cm from
the soil surface, or at a densice, lithic, or paralithic
contact if shallower,

Soil temperature regimes
Classes of goil temperature regimes

The following soil temperature regimes are used in
defining classes at various categoric levels in the
taxonomy.

Pergelic (L. per, throughout in time and space, and L.
gelare, to freeze; meaning permanent frost).—Soils
with a pergelic temperature regime have a mean
annual temperature lower than 0°C. These are soils
that have permafrost if they are moist, or dry frost if
there is no excess water. It seems likely that the moist
and the dry pergelic regimes should be defined
separately, but at present we have only fragmentary
data on the dry soils of very high latitudes. Ice wedges
and lenses are normal in such soils in the United
States.
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Cryic (Gr. kryos, coldness; meaning very cold soils),—
Soils in this temperature regime have a mean annual
temperature higher than 0°C but lower than 8°C,

1. In mineral soils, the mean summer soil tempera-
ture (June, July, and August in the northern
hemisphere and December, January, and February
in the southern hemisphere) either at a depth of 50
cm from the soil surface or at a densie, lithic, or
paralithic contact, whichever is shallower, is as
follows:

a. If the soil is not saturated with water during
some part of the summer and

(1) If there is no O horizon; lower than 15°C;
or

(2) If there is an O horizon: lower than 8°C; or

b. If the aoil is saturated with water during some
part of the summer and

(1) If there ia no O horizon: lower than 13°C;
or

(2) Ifthere is an O horizon or a histic
epipedon: lower than 6°C,

2. In organic soils, the soil is either:

a. Frozen in some layer within the control
section in most years 2 months after the
gummer solstice; i.e., the soil is very cold in
winter but warms up slightly in summer; or

b. Not frozen in most years below a depth of 5 cm
from the =oil surface; i.e., the soil is cold
throughout the year but, because of marine
influence, does not freeze in most years.

Cryie soils that have an aquic moisture regime
commonly are churned by frost. All isofrigid (see
below) soils without permafrost are considered to have
a cryic temperature regime.

Frigid.—The concept of the frigid soil temperature
regime and other soil temperature regimes listed
below are used chiefly in defining classes of soils in the
low categories. A soil with a frigid regime is warmer
in summer than a soil with a cryic regime, but its
mean annual temperature is lower than 8°C, and the
difference between mean summer and mean winter
soil temperatures (June-July-August and December-
January-February) is more than 5°C either at a depth
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of 50 cm from the soil surface or at a densic, lithic, or
paralithic contact, whichever is shallower.

Mesic (Gr. mesos, intermediate).—The mean annual
soil temperature is 8°C or higher but lower than 15°C,
and the difference between mean summer and mean
winter soil temperatures is more than 5°C either at a
depth of 50 cm from the soil surface or at a densic,
lithic, or paralithic contact, whichever is shallower.

Thermic.—The mean annual soil temperature is 15°C
or higher but lower than 22°C, and the difference
between mean summer and mean winter soil
temperatures is more than 5°C either at a depth of 50
cm from the soil surface or at a densic, lithic, or
paralithic contact, whichever is shallower.

Hyperthermic.—The mean annual soil temperature
is 22°C or higher, and the difference between mean
summer and mean winter soil temperatures is more
than 5°C either at a depth of 50 cm from the soil
surface or at a densic, lithic, or paralithic contact,
whichever is shallower.

If the name of a soil temperature regime has the prefix
iso (Gr. isos, equal), the mean summer and mean
winter soil temperatures for June, July, and August
and for December, January, and February differ by
less than 5°C at a depth of 50 cm or at a densie, lithic,
or paralithic contact, whichever is shallower.

Isofrigid.-~The mean annual soil temperature is
lower than 8°C.

Isomesic.—The mean annual soil temperature is 8°C
or higher but lower than 15°C,

Isothermic.—The mean annual soil temperature is
15°C or higher but lower than 22°C.

Isohyperthermic.—The mean annual soil
temperature is 22°C or higher,

Spodic materials (Gr. spodos, wood ash)

Spodic materials have formed in an illuvial horizon
that normally underlies a histic, an ochric, or an
umbric epipedon or an albic horizon. In most undis-
turbed areas spodic materials underlie an albic
horizon. They may occur within an umbric epipedon
or Ap horizon,

A horizon consisting of spodic materials normally
has an optical-density-of-oxalate-extract (ODOE) value
of 0.25 or more, and that value is commonly at least
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two times as high as the ODOE value for an overlying
eluvial horizon. This increase in ODOE value
indicates an accumulation of translocated organic
materials in an illuvial horizon, Soils with spodic
materials show evidence that organic materials and
aluminum, with or without iron, have been moved
from an eluvial to an illuvial horizon. The morphologi-
cal, chemical, and physical properties of spodic
materials are as follows.

Definition of spodic materials

Spodic materials are mineral soil materials that do not
have all the properties of an argillic or a kandie
horizon, are dominated by illuvial active amorphous
materials composed of organic matter and aluminum,
with or without iron, and have both:

1. A pH value in water (1:1) of 5.9 or less and an
organic-carbon content of 0.6 percent or more; and

2. One or more of the following:

a. An overlying albic horizon which extends
horizontally through 50 percent or more of
each pedon, and have, directly under the albic
horizon, colors, moist (crushed and smoothed
sample), as follows:

(1) A hue of 5YR or redder; or

(2) A hue of 7.5YR, color value of 5 or less,
and chroma of 4 or less; or

(3) A hue of 10YR or neutral and a color value
and chroma of 2 or less; or

(4) A color of 10YR 3/1; or

b. One of the colors listed above or a hue of
7.5YR, color value, moist, of 5 or less, and
chroma of 5 or 6 (crushed and smoothed
sample), and one or more of the following
morphologic or chemical properties:

(1) Cementation by organic mattertand
aluminum, with or without iron, in 50
percent or more of each pedon, and very
firm or firmer congistence in the cemented
part; or

(2) Ten percent or more cracked coatings on
sand grains; or

(3) Aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling 0.50 or more,
and half that amount or less in an
overlying umbric (or subhorizon of an
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umbric) epipedon, or an ochric epipedon or
albic horizon; or

(4) An optical-density-of-oxalate-extract
(ODOE) value of 0.25 or more, and a value
half as high or lower in an overlying
umbric (or subhorizon of an umbric)
epipedon, or an ochric epipedon or albic
horizon.

Sulfidic materials

Sulfidic materials contain oxidizable sulfur com-
pounds, and are mineral or organic soil materials with
a pH value of more than 3.5 which, if incubated as a
layer 1 em thick under moist aerobic conditions (field
capacity) at room temperature, show a drop in pH of
0.5 or more units to a pH value of 4.0 or less (1:1 by
weight in water, or in a minimum of water to permit
measurement) within 8 weeks.

Sulfidic materials accumulate as a soil or sedi-
ment which is permanently saturated, generally with
brackish water. The sulfates in the water are biologi-
cally reduced to sulfides as the materials accumulate.
Sulfidic materials most commonly accumulate in
coastal marshes near the mouths of rivers that carry
noncalcareous sediments, but they may occur in fresh-
water marshes if there is sulfur in the water. Upland
sulfidic materials may have accumulated in a similar
manner in the geologic past.

If a s0il containing sulfidic materials is drained, or
if sulfidic materials are otherwise exposed to aerobic
conditions, the sulfides oxidize and form sulfuric acid.
The pH value, which normally is near neutrality
before drainage or exposure, may drop below 3. The
acid may induce formation of iron and aluminum
sulfates. The iron sulfate, jarosite, may segregate to
form the yellow mottles that commonly characterize a
sulfuric horizon. The transition from sulfidic materi-
als to a sulfuric horizon normally requires very few
years and may occur within a few weeks, A sample of
sulfidic materials, if air-dried slowly in shade for about
2 months with occasional remoistening, becomes
extremely acid.

Weatherable minerals

Several references are made to weatherable minerals
in the text of this and subsequent chapters. Obviously,
the stability of a mineral in a soil is a partial function
of the soil moisture regime, Where weatherable
minerals are referred to in the definitions of diagnostic
horizons and of various taxa in this taxonomy, a humid
climate, either present or past, is always assumed.
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Minerals that are included in the meaning of
weatherable minerals are as follows:

1. Clay minerals: All 2:1 lattice clays except one
which is currently considered to be an aluminum-
interlayered chlorite. Sepiolite, talc, and glauco-
nite are also included in this group of weatherable
clay minerals, although they are not everywhere of
clay size,

2. Bilt- and sand-size minerals (0.02 to 0.2 mm in
diameter); Feldspars, feldspathoids, ferromagne-
sian minerals, glass, micas, zeolites, and apatite.

Obviously, this is a restricted meaning of the term
weatherable minerals. The intent is to include, in the
definitions of diagnostic horizons and various taxa,
only those weatherable minerals which are unstable in
a humid climate compared to other minerals, such as
quartz and 1:1 lattice clays, but which are more
resistant to weathering than calcite.
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Chapter 3

Horizons and Properties Diagnostic
for the Higher Categories: Organic
Soils!

Organic Soll Material

Organic soil material either:

1. Is saturated with water for long periods (or
artificially drained) and, excluding live roots, has
an organic-carbon content (by weight) of:

a. 18 percent or more if the mineral fraction
contains 60 percent or more clay; or

b. 12 percent or more if the mineral fraction
contains no clay; or

¢. 12 + (clay percentage multiplied by 0.1)
percent or more if the mineral fraction contains
less than 60 percent clay; or

2. Is never saturated with water for more than a few
days and contains 20 percent or more (by weight)
organic carbon.

Item 1 in this definition covers materials that have
been called peat and muck. Item 2 is intended to
include what has been called litter or an O horizon.

Kinds Of Organic Soil Materials

Three different kinds of organic soil materials are
distinguished in this taxonomy, based on the degree of
decomposition of the plant materials from which they
are derived. The three kinds (defined below) are: (1)
fibrie, (2) hemic, and (3) sapric. Because of the
importance of fiber content in the definitions of these
materials, fibers are defined before the kinds of
organic soil materials, as follows.

Fibers
Fibers, in the terminology of this taxonomy, are pieces

of plant tissue in organic soil materials (excluding live
roots) which:

1 Qrganic soils are referred to as Histosols in this taxonomy.
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1. Are large enough to be retained on a 100-mesh
gieve (openings 0.15 mm in diameter) when the
materials are screened after dispersion in sodium
hexametaphosphate; and

2. Show evidence of the cellular structure of the
plants from which they are derived; and

3. Are either 2 cm or less in their smallest dimension,
or are decomposed enough so they can be crushed
and shredded with the fingers.

Pieces of wood which are larger than 2 em in cross
section and which are so undecomposed that they
cannot be crushed and shredded with the fingers, such
as large branches, logs, and stumps, are not consid-
ered to be fibers but coarse fragments (comparable to
gravel, stones, and boulders in mineral soils).

Fibric soil materials (L. fibra, fiber)

Fibric soil materials are organic soil materials which
either:

1, Contain three-fourths? or more (by volume) fibers
after rubbing, excluding rock fragments; or

2. Contain two-fifths or more (by volume) fibers after
rubbing, excluding rock fragments; and yield color
values and chromas of 7/1, 7/2, 8/1, 8/2, or &/3
(Munsell designations) on white chromatographic
or filter paper that is inserted into a paste made of
the soil materials in a saturated sodium pyrophos-
phate solution.

Hemie soil materials (Gr. hemi, half, implying
intermediate decomposition)

Hemic soil materials are intermediate in their
degree of decomposition between the less decomposed
fibric and more decomposed sapric materials. Their
morphological features give intermediate values for
fiber content, bulk density, and water content. They
are partly altered both physically and biochemically.

Sapric soil materials (Gr. sapros, rotten)

These are the most highly decomposed of the three
kinds of organic soil materials. They have the
smallest amount of plant fiber, the highest bulk
density, and the lowest water content on a dry-weight
basis at saturation. Sapric soil materials are com-
monly very dark gray to black. They are relatively

2Fractions are used rather than percentages to avoid implying a2
higher degree of accuracy than is justified.
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stable, 1.¢., they change very little physically and
chemically with time in comparison to other organic
soil materials.

Sapric materials have the following characteristics:

1. Their fiber content, after rubbing, is less than one-
sixth (by volume), excluding coarse fragments; and

2. Their sodium-pyrophosphate-extract color on white
chromatographic or filter paper is below or to the
right of a line drawn to exclude blocks 5/1, 6/2, and
7/3 Munsell designations). If few or no fibers can
be detected and the color of the pyrophosphate
extract is to the left or above this line, the possibil-
ity that the material is limnic must be considered.

Humilluvic material

Humilluvic material, i.e., illuvial humus, accumulates
in the lower parts of some organic soils if they are acid
and have been drained and cultivated. The humilluvic
material has a younger C4 age than the overlying
organic materials. It has very high solubility in
sodium pyrophosphate and rewets very slowly after
drying. Most commonly it accumulates near a contact
with a sandy mineral horizon,

To be recognized as a differentia in classification,
the humilluvic material must constitute one half or
more (by volume) of a layer 2 cm or more thick,

Limnic materials (Gr. limne, lake)

The presence or absence of limnic deposits is taken
into account in the higher categories of organic soils
(Histosols, see below), while the nature of such
deposits is considered in the lower categories, Limnic
materials include both organic and inorganic materi-
als that were either (1) deposited in water by precipi-
tation or through the action of aquatic organisms, such
as algae or diatoms, or (2) derived from underwater
and floating aquatic plants and subsequently modified
by aquatic animals. They include coprogenous earth
(sedimentary peat), diatomaceous earth, and marl.

Coprogenous earth

A coprogenous-earth (sedimentary peat) layer is a
limnic layer which:

1. Contains many fecal pellets with diameters
between a few hundredths and a few tenths of a

millimeter; and

2. Has a color value, moist, of 4 or less; and
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3. Either forms a slightly viscous water suspension
and is slightly plastic but not sticky, or shrinks
upon drying to form clods that are difficult to rewet
and often tend to crack along horizontal planes;
and

4. Normally contains almost no visible fragments of
plants; and

5. Either yields a saturated sodium-pyrophosphate
extract on white chromatographic or filter paper
that has a higher color value and lower chroma
than 10 YR 7/3 (Munsell designations), or has a
cation-exchange capacity of less than 240 emol(+)
per kg organic matter (measured by loss on
ignition), or both.

¢ earth
A diatomaceous-earth layer is a limnic layer which:

1. If not previously dried, has a matrix color value of
3, 4, or 5, which changes irreversibly on drying as
the result of the irreversible shrinkage of organic-
matter coatings on diatoms (identifiable by
microscopic, 440X, examination of dry samples);
and

2. Either yields a saturated sodium-pyrophosphate
extract on white chromatographic or filter paper
that has a higher color value and lower chroma
than 10 YR 7/8 (Munsell designations), or has a
cation-exchange capacity of less than 240 cmol(+)
per kg organic matter (by loss on ignition), or both.

Mar]

A marl layer is a limnic layer which:

1. Has a color value, moist, of 5 or more; and
2. Reacts with dilute HC] to evolve CO,.

Marl usually does not change its color irreversibly on
drying because a layer of marl contains too little
organic matter, even before it has been shrunk by
drying, to coat the carbonate particles.

Thickness Of Organic Soll Materlals
(Control Section Of Histolsols)

For practical reasons an arbitrary control section has
been established for the classification of organic soils
(Histosols). Depending on the kinds of soil materials
that are present in the surface layer, the control
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section has a thickneas of either 130 cm or 160 ¢m
from the soil surface, if there is no densic, lithie, or
paralithic contact, thick layer of water, or permafrost
within the respective limit. The thicker control section
is used if the surface soil layer to a depth of 60 cm
either contains three fourths or more fibers derived
from Sphagnum, Hypnum, or other mosses, or has a
bulk density of less than 0.1 g/em3. Layers of water,
which may be between a few centimeters and many
meters thick in these soils, are considered to be the
lower boundary of the control section only if the water
extends below a depth of 130 or 160 cm, respectively.
A densic, lithic, or paralithic contact, if shallower than
130 or 160 cm, constitutes the lower boundary of the
control section; or the lower boundary of the control
section is 25 cm below the upper limit of permafrost 2
months after the summer solstice. An unconsolidated
mineral substratum shallower than those limits does
not change the lower boundary of the control section.

The control section of Histosols is divided some-
what arbitrarily into three tiers: surface, subsurface,
and bottom tiers.

Surface tier

The surface tier of a Histosol extends from the soil
surface to a depth of 60 c¢m if either (1) the materials
within that depth are fibric and three fourths or more
of the fiber volume is derived from sphagnum or other
mosses, or (2) the materials have a bulk density of less
than 0.1 g/em?; otherwise, the surface tier extends
from the soil surface to a depth of 30 em.

On some organic soils, a surface mineral layer less
than 40 cm thick is present as a result of flooding,
volcanic eruptions, additions of mineral materials to
increase soil strength or reduce frost hazard, or other
causes. If such a mineral layer is less than 30 em
thick, it constitutes the upper part of the surface tier;
if it is 30 to 40 cm thick, it constitutes the whole
surface tier and part of the subsurface tier.

Subsurface tier

The subsurface tier is normally 60 cm thick. If,
however, the control section ends at a shallower depth
(at a denasie, lithic, or paralithic contact or a water
layer, or in permafrost), the subsurface tier extends
from the lower boundary of the surface tier to the
lower boundary of the control section. It includes any
unconsolidated mineral layers that may be present
within those depths.
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Bottom tier

The bottom tier is 40 cm thick unless the control
gection has its lower boundary at a shallower depth (at
a densic, lithie, or paralithic contact or a water layer,
or in permafrost).
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Chapter 4

Identification Of The Taxonomic Class Of
A Soil

All of the keys in this taxonomy are designed in such a
way that the user can determine the correct classifica-
tion of a soil by going through the key systematically.
The user must start at the beginning of the Key to soil
orders and eliminate, one by one, all classes which
include criteria that do not fit the soil in question. The
s0il belongs to the first class listed for which it meets
all the required criteria. Y
In classifying a specific soil, the user of Soil
Taxonomy begins by checking through the Key to soil
orders to determine the name of the first order which,
according to the criteria listed, includes the soil in
question, The next step is to go to the page indicated
to find the Key to suborders of that particular order.
Then systematically go through the key to identify the
suborder that includes the soil, i.e., the first in the list
for which it meets all the required criteria. The same
procedure is used to find the soil’s great group class in
the Key to great groups of the identified suborder.
Likewise, going through the Key to subgroups of that
great group, the user selects as the correct subgroup
name the name of the first taxon for which the soil
meets all of the required criteria.
The family level is determined, in a similar
manner, after the subgroup has been determined,
Chapter 16 can be used as one would use other keys in
this taxonomy to determine which components are
part of the family name. However, the family typically
has more than one component, and therefore the
entire chapter must be used. The keys to control
sections for classes used as components of a family
name must be used to determine the control section
before using the keys to classes.
In the Key to the orders and the other keys that
follow, the diagnostic horizons and the properties
mentioned do not include those below any densic,
lithic, paralithic, or petroferric contact. The properties
of buried soils and the properties of a surface mantle
are considered based on whether or not the soil meets
the meaning of the term “buried soil” given in
Chapter 1.
If a soil has a surface mantle, and is not a buried
soil, the top of the original surface layer is considered
the “soil surface” for determining depth to and
thickness of diagnostic horizons and most other
diagnostic soil characteristics. The only properties of
the surface mantle that are considered are soil
temperature, soil moisture (including aquic condi-
tions), and any andic or vitrandic properties.

m
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If a soil profile includes a buried soil, the present
soil surface is used to determine soil moisture and
temperature, and depth to and thickness of diagnostic
horizons and other diagnostic soil characteristics.
Diagnostic horizons of the buried soil are not consgid-
ered in selecting taxa unless the criteria in the keys
specifically indicate buried horizons, such as in
Thapto-histic subgroups. Most other diagnostic soil
characteristics of the buried so0il are not considered,
however organic carbon if Holocene age, andic soil
properties, base saturation, and all properties used to
determine family and series placement are considered,

Conventional rounding conventions should be used
to determine numerical values.

Soil colors, (hue, value, and chroma) are used in
many of the criteria that follow. Soil colors typically
change value and some change hue and chroma
depending on the water state. In many of the criteria
of the keys, the water state is specified. If no water
state is specified, the soil is considered to meet the
criterion if it meets the criterion when moist or dry or
both moist and dry.

Key To Soil Orders
A. Soils which:

1. Do not have andic soil properties in 60 percent
or more of the thickness between the soil
surface and either a depth of 60 cm, or a
densic, lithie, or paralithic contact or duripan
if shallower; and

2. Have organic soil materials that meet one or
more of the following:

a. Overlie cindery, fragmental, or pumiceous
materials and/or fill their interstices! and
directly below these materials either a
densic, lithic, or paralithic contact; or

b, When added with underlying cindery,
fragmental, or pumiceous materials total
40 c¢cm or more hetween the soil surface and
a depth of 50 em; or

1 Materials that meet the definition of cindery, fragmental, or
pumiceous except have more than 10 percent (by volume) vaids
that are filled with organic soil materials are congidered as
organic soil materials.
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Constitute two thirds or more of the total
thickness of the soil to a densic, lithic, or
paralithic contact and mineral soils which,
if present, have a total thickness of 10 cm
or less; or

Are saturated with water for 6 months or
more per year in most years (or artificially
drained), and have an upper boundary
within 40 em of the soil surface, and have a
total thickness of either:

(1) 60 cm or more if three fourths or more
of their volume consists of moss fibers,
or if their bulk density, moist, is less
than 0.1 glcma; or

(2) 40 cm or more if they consist either of
sapric or hemic materials, or of fibric
materials with less than three fourths
(by volume) mosas fibers and a bulk
density, moist, of 0.1 g/cm3 or more,

Histosols, p. 305

B. Other soils which do not have a plaggen
epipedonoran argillic or kandic horizon above a
spodic horizon, and have one or more of the
following:

1.

3.

A spodic horizon, an albic horizon in 50
percent or more of each pedon, and a cryic or
pergelic soil temperature regime; or

An Ap horizon containing 85 percent or more
spodic materials; or

A spodic horizon with all the following
characteristics:

a.

One or more of the following:
(1) A thickness of 10 ¢m or more; or
(2) An overlying Ap horizon; or

(3) Cementation in 50 percent or more of
each pedon; or

(4) A coarse-loamy, loamy-skeletal, or finer
particle size, and a frigid temperature
regime in the soil; or

(5) A cryic or pergelic temperature regime
in the soil; and
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b. An upper boundary within the following
depths from the mineral soil surface: either

(1) Less than 50 ¢cm; or

(2) Less than 200 cm if the soil has a
sandy particle size between the
mineral soil surface and the spodic
horizon; and

¢. Alower boundary as follows:

(1) Either at a depth of 25 cm or more
below the mineral soil surface, or at
the top of a duripan or fragipan, or at a
densic, lithic, paralithic, or
petroferrictcontact, whichever is
shallowest; or

(2) At any depth,

(a) If the spodic horizon has a coarse-
loamy, loamy-skeletal, or finer
particle size, and the soil has a
frigid temperature regime, or

(b) If the s0il has a cryic or pergelic
temperature regime; and

d. Either:

(1) A directly overlying albic horizon in 50
percent or more of each pedon, or

(2) No andic s0il properties in 60 percent
or more of the thickness either:

(a) Within 60 cm either of the mineral
soil surface, or of the top of an
organic layer with andic soil
properties, whichever is shallower,
if there is no densic, lithic, or
paralithic contact, duripan, or
petrocalcic horizon within that
depth; or

(b) Between either the mineral soil
surface, or the top of an organic
layer with andie soil properties,
whichever is shallower, and a
densic, lithic, or paralithic contact,
duripan, or petrocalcic horizon.

Spodosols, p. 503
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C. Other soils that have andic soil properties in 60
percent or more of the thickness either:

1. Within 60 em either of the mineral soil
surface, or of the top of an organic layer with
andic soil properties, whichever is shallower, if
there is no densice, lithic, or paralithic contact,
duripan, or petrocalcic horizon within that
depth; or

2. Between either the mineral soil surface, or the
top of an organic layer with andic soil proper-
ties, whichever is shallower, and a densic,
lithic, or paralithic contact, duripan, or
petrocalcie horizon,

Andisols, p.161
D. Other soils which have either:

1. An oxic horizon that has its upper boundary
within 150 cm of the mineral soil surface, and
no kandic horizon that has its upper boundary
within that depth; or

2. 40 percent or more (by weight) clay in the fine-
earth fraction between the mineral soil surface
and a depth of 18 cm (after mixing), and a
kandic horizon that has the weatherable-
mineral properties of an oxic horizon and has
its upper boundary within 100 cm of the
mineral soil surface.

Oxisols, p. 471

E. Other soils which have:

1. Alayer 25 cm or more thick, with an upper
boundary within 100 em of the mineral soil
surface, that has either slickensides close
enough to intersect or wedge-shaped aggre-
gates which have their long axes tilted 10 to
60 degrees from the horizontal; and

2. A weighted average of 30 percent or more clay
in the fine-earth fraction either between the
mineral soil surface and a depth of 18 ¢m or in
an Ap horizon, whichever is thicker, and 30
percent or more clay in the fine-earth fraction
of all horizons between a depth of 18 cm and
either a depth of 50 cm, or a densic, lithic, or
paralithic contact, duripan, or petroealcic
horizon if shallower: and
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3. Cracke?that open and close periodically.
Vertisols, p. 563

F. Other soils that:
1. Have:
a. An aridic soil moisture regime; and
b. An ochric or anthropic epipedon; and

¢.  One or more of the following with the
upper boundary within 100 em of the soil
surface: a calcie, cambic, gypsic, natric,
petrocalcic, petrogypsic, or a salic horizon,
or a duripan; or

d. An argillic horizon; or
2. Have:
a. A salic horizon; and

b. Saturation with water in one or more
layers within 100 ¢m of the soil surface for
1 month or more per year in 6 out of 10
years; and

¢. No sulfuric horizon that has its upper
boundary within 150 ¢m of the mineral soil
surface.

Aridisols, p. 205
G. Other soils that have either:

1. An argillic or kandic horizon, but no fragipan,
and a base saturation (by sum of cations) of
less than 35 percent at one of the following
depths:

a. If the epipedon has a sandy or sandy-
skeletal particle size throughout, either:

(1) 1256 ¢m below the upper boundary of
the argillic horizon (but no deeper than
200 ¢m below the mineral soil surface),
or 180 em below the mineral soil
surface, whichever is deeper; or

2 A crack is a separation between gross polyhedrons. If the
surface is strongly self-mulching, i.e., a mass of granules, or if
the soil is cultivated while cracks are open, the cracks may be
filled mainly by granular materials from the surface, but they
are open in the senge that the polyhedrons are spearated. A
crack is regarded as open if it controls the infiltration and
percolation of water in a dry, clayey soil.
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(2) At a densic, lithic, paralithic, or
petroferric contact if shallower; or

b. The shallowest of the following depths:

(1) 125 cm below the upper boundary of
the argillic or kandic horizon; or

(2) 180 cm below the mineral soil surface;
or

(3) At a densic, lithic, paralithic, or
petroferric contact; or

2. A fragipan and both of the following:

a. Either an argillic or a kandic horizon
above, within, or below it, or clay films 1
mm or more thick in one or more of its
subhorizons; and

b. A base saturation (by sum of cations) of
less than 35 percent at the shallowest of
the following depths:

(1) 75 ¢m below the upper boundary of the
fragipan; or

(2) 200 em below the mineral soil surface;
or

(3) At a densie, lithic, paralithic, or
petroferric contact.
Ultisols, p. 521

H. Other soils that have both of the following:
1. Either
a. A mollic epipedon; or

b. Both a surface horizon which meets all the
requirements for a mollic epipedon except
thickness after the soil has been mixed to a
depth of 18 em, and a subhorizon more
than 7.5 cm thick, within the upper part of
an argillie, a kandie, or a natric horizon,
that meets the color, organic-carbon
content, base saturation, and structure
requirements of a mollic epipedon but is
separated from the surface horizon by an
albic horizon; and
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2. A base saturation of 50 percent or more (by
NH,OAc) in all horizons either between the
upper boundary of any argillic, kandic, or
natric horizon and a depth of 125 cm below
that boundary, or between the mineral soil
surface and a depth of 180 cm, or between the
mineral soil surface and a densic, lithie, or
paralithic contact, whichever depth is shallow-
est.

Mollisols, p. 377

I. Other soils which have either:

1. An argillic, a kandic, or a natric horizon; or

2. A fragipan that has clay films 1 mm or more
thick in some part.

Alfisols, p. 67

J. Other soils which have either:

1. One or more of the following:

a.

b.

A cambic horizon; or

Aquic conditions within 50 em of the
mineral soil surface for some time in most
years (or artificial drainage), and perma-
frost; or

Within 100 em of the mineral soil surface,
the upper boundary of one or more of the
following: a calcie, petrocalcic, gypsic,
petrogypsic, or placic horizon or a duripan;
or

Either a fragipan or an oxic horizon that
has its upper boundary within 200 cm of
the mineral soil surface; or

A sulfuric horizon that has its upper
boundary within 150 ¢m of the mineral soil
surface; or

2. No sulfidic materials within 50 cm of the
mineral soil surface; and both:

a.

In one or more horizons between 20 and 50
¢m below the mineral soil surface, either
an n value of 0.7 or less, or less than 8
percent clay in the fine-earth fraction; and
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b. One or both of the following:

(1) A histic, a mollic, a plaggen, or an
umbric epipedon, or

(2) In 50 percent or more of the layers
between the mineral soil surface and a
depth of 50 cm, an exchangeable
sodium percentage of 15 or more (or a
sodium adsorption ratio of 13 or more),
which decreases with increasing depth
below 50 cm, and also ground water
within 100 ¢m of the mineral soil
surface at some time during the year
when the goil is not frozen in any part.

Inceptisols, p. 326

K. Other soils.
Entisols, p. 261
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Chapter 5
Alfisols

Key to suborders

TA. Alfisols that have, in one or more horizons within
50 ¢m of the mineral soil surface, aquic conditions
(other than anthraquic conditions) for some time in
most years (or artificial drainage), and have one or
both of the following:

1. Redoximorphic features in all layers between
either the lower boundary of an Ap horizon or a
depth of 25 cm below the mineral soil surface,
whichever is deeper, and a depth of 40 em; and one
of the following within the upper 12.5 ¢cm of the
argillic, natric, glossic, or kandic horizon:

a. Fifty percent or more redox depletions with a
chroma of 2 or less on faces of peds, and redox
concentrations within peds; or

b. Redox concentrations and 50 percent or more
redox depletions with a chroma of 2 or less in
the matrix; or

c. Fifty percent or more redox depletions with a
chroma of 1 or less on faces of peds or in the
matrix, or both; or

2. In the horizons that have aquic conditions, enough
active ferrous iron to give a positive reaction to
a,a'-dipyridyl at a time when the soil is not being
irrigated.

Agqualfs, p. 68

1B, Other Alfisols that have either:

1. A frigid temperature regime, and neither a Xeric
nor ustic moisture regime; or

2. A cryic temperature regime.
Boralfs, p. 87

IC. Other Alfisols that have an ustic moisture regime.
Ustalfs, p. 122

ID. Other Alfisols that have a xeric moisture regime.
Xeralfs, p. 146

IE. Other Alfisols.
Udalfs, p. 99
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Aqualfs
Ke t groups

TAA. Aqualfs that have one or more horizons between
30 and 150 ¢m from the mineral soil surface in which
plinthite either forms a continuous phase or consti-
tutes one half or more of the volume.

Plinthaqualfs, p. 85

IAB. Other Aqualfs that have a duripan.
Duraqualfs, p. 71

IAC. Other Aqualfs that have a natric horizon.
Natraqualfs, p. 84

TIAD. Other Aqualfs that have a fragipan with its
upper boundary within 100 ¢m of the mineral soil
surface,

Fragiaqualfs, p. 80

TAE. Other Aqualfs that have a CEC of 16 cmol(+)/kg
clay or less (by 1N NH,OAc pH 7) and an ECEC of 12
cemol(+)/kg clay or less (sum of bases extracted with 1N
NH,OAc pH 7, plus IN-KCl-extractable Al) in 50
percent or more either of the argillic or kandic horizon
if less than 100 ecm thick, or of its upper 100 cm.
Kandiaqualfs, p. 83

IAF. Other Aqualfs that have one or more layers at
least 25 ¢m thick (cumulative) within a depth of 100
cm from the mineral soil surface, which have 50
percent or more (by volume) recognizable bioturbation
such as filled animal burrows, wormholes, or casts.
Vermaqualfs, p.86

IAG. Other Aqualfs that have a glossic horizon.
Glossaqualfs, p. 81

IAH. Other Aqualfs that have an abrupt textural
change between the ochric epipedon or albic horizon
and the argillic horizon, and have a low or very low
saturated hydraulic conductivity in the argillic

horizon,
Albaqualfs, p. 69

IAIL Other Aqualfs that have an umbric epipedon.
Umbraqualfs, p 85

IAJ. Other Aqualfs that have episaturation.
Epiaqualfs, p. 74

TAK. Other Aqualfs.
Endoaqualfs, p.71
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Albaqualfs

Key to subgroups

TAHA. Albaqualfs that have a sandy or sandy-skeletal
particle size class throughout a layer extending from
the mineral soil surface to the top of an argillic horizon
at a depth of 50 ¢m or more.

Arenic Albaqualfs

IAHB. Other Albaqualfs which have both of the
following:

1. One or both:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢m or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. A chroma of 3 or more in 40 percent or more of the
matrix between the lower boundary of the A or Ap
horizon and a depth of 75 ¢cm from the mineral soil
surface.

Aeric Vertic Albaqualfs

TIAHC. Other Albaqualfs which have both of the
following:

1. One or both:

a. Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢m or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 em or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. An Ap horizon or materials between the mineral
soil surface and 18 em that after mixing meet one
or more the following colors;
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a. A color value, moist, of 4 or more; or
b. A color value, dry, of 6 or more; or

¢. A chroma of 4 or more.
Chromic Vertic Albaqualfs

IAHD. Other Albaqualfs which have one or both of the
following:

1. Cracks within 125 ¢m of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 ¢cm of the mineral soil surface; or

2. Alinear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever
is shallower.

Vertic Albaqualfs

IAHE, Other Albaqualfs that have both:

1. A chroma of 3 or more in 40 percent or more of the
matrix between the lower boundary of the A or Ap
horizon and a depth of 75 cm from the mineral soil
surface; and

2. An Ap horizon with a color value, moist, of 3 or less
and a color value, dry, of 5 or less (crushed and
smoothed sample), or materials between the soil
surface and a depth of 18 cm which have these
color values after mixing.

Udollic Albaqualfs

IAHF. Other Albaqualfs that have a chroma of 3 or
more in 40 percent or more of the matrix between the
lower boundary of the A or Ap horizon and a depth of
75 cm from the mineral soil surface.

Aeric Albaqualfs

IAHG. Other Albaqualfs which have, throughout one
or more horizons with a total thickness of 18 ¢m or
more within 75 cm of the mineral soil surface, one or
more of the following:

1. Afine-earth fraction with both a bulk density of 1.0
glem?® or lese, measured at 33 kPa water retention,
and aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling more than 1.0; or

2. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or
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3. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Aquandic Albagqualfs

IAHH. Other Albaqualfs that have an Ap horizon with
a color value, moist, of 3 or less and a color value, dry,
of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
¢m which have these color values after mixing.
Mollic Albaqualfs

IAHLI. Other Albaqualfs which have, within 100 ¢m of
the mineral soil surface, the upper boundary of a
brittle horizon 15 ¢m or more thick that contains
either some opal coatings or 20 percent or more (by
volume) durinodes.

Durinodic Albaqualfs
IAHJ. Other Albagualfs.
Typic Albaqualfs
Duraqualfs
Key to subgroups
IABA. All Duraqualfs (provisionally).
Typic Duragqualfs
Endoaqualfs
Key to subgroups

IAKA. Endoaqualfs which have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 ¢m of the mineral soil surface, one or more of
the following:

1. A fine-earth fraction with both a bulk density of 1.0
glem? or less, measured at 33 kPa water retention,
and aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling more than 1.0; or

2. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

3. Afine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and
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a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more,

Aquandic Endoagualfs

IAKB. Other Endoaqualfs that have:
1. Fragic soil properties;

a. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 em of the mineral soil surface; or

b. In 60 percent or more of the volume of a layer 15
c¢m or more thick; and

2. In one or more horizons between the A or Ap
horizon and a depth of 75 cm below the mineral
soil surface, one, or a combination, of the following
colors:

a. A hueof 7.5YR or redder in 50 percent or more
of the matrix; and

(1). If peds are present, a chroma of 2 or more
on 50 percent or more of ped exteriors, or
no redox depletions with a chroma of 2 or
less in ped interiors; or

(2). If peds are absent, a chroma of 2 or more in
50 percent or more of the matrix; or

b. In 50 percent or more of the matrix, a hue of
10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more; or

(2) A chroma of 2 or more if there are no redox
concentrations.
Aeric Fragic Endoaqualfs

TIAKC. Other Endoaqualfs that have fragic soil
properties;

1. In 30 percent or more of the volume of a layer 15
c¢m or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15

cm or more thick.
Fragic Endoaqualfs
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TIAKD. Other Endoaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Endoaqualfs

IAKE. Other Endoaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 em or more.
Grossarenic Endoaqualfs

TAKF. Other Endoaqualfs which have both:

1. A mollic epipedon, or an Ap horizon that meets all
the requirements for a mollic epipedon except
thickness, or materials between the soil surface
and a depth of 18 cm that meet these requirements
after mixing; and

2. In one or more horizons between the A or Ap
horizon and a depth of 75 cm below the mineral
soil surface, one, or a combination, of the following
colors:

a. Ahue of 7.5YR or redder in 50 percent or more
of the matrix; and

(1). If peds are present, a chroma of 2 or more
on 50 percent or more of ped exteriors, or
no redox depletions with a chroma of 2 or
less in ped interiors; or

(2). If peds are absent, a chroma of 2 or more
in 50 percent or more of the matrix; or

b. In 50 percent or more of the matrix, a hue of
10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more; or

(2) A chroma of 2 or more if there are no redox
concentrations.
Udollic Endoaqualfs

TAKG. Other Endoaqualfs that have, in one or more
horizons between the A or Ap horizon and a depth of
75 cm below the mineral soil surface, in 50 percent or
more of the matrix, one, or a combination, of the
following colors:

1, Hue of 7.5YR or redder; and

a. Peds present and a chroma of 2 or more (both
moist and dry) on 50 percent or more of ped
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exteriors, or no redox depletions with a chroma
of 2 or less (both moist and dry) in ped interi-
ors; or

b. No peds present and a chroma of 2 or more
(both moist and dry); or

2. Hue of 10YR or yellower and either

a. Both a color value, moist, and chroma of 3 or
more (both moist and dry); or

b. A chroma of 2 or more (both moist and dry) and
no redox concentrations.
Aeric Endoaqualfs

TIAKH. Other Endoaqualfs which have a mollie
epipedon, or an Ap horizon that meets all the require-
ments for a mollic epipedon except thickness, or
materials between the soil surface and a depth of 18
cm that meet these requirements after mixing.

Mollic Endoaqualfs

IAKI. Other Endoaqualfs which have an Ap horizon
that meets all the requirements for an umbric
epipedon except thickness, or materials between the
soil surface and a depth of 18 ¢cm that meet these
requirements after mixing,

Umbric Endoaqualfs

TAKJ. Other Endoaqualfs.

Typic Endoaqualfs

Eplaqualfs

K ubgro

TIAJA. Epiaqualfs which have all of the following:
1. One or both:

a. Cracks within 125 ¢m of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower; and
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2. In one or more horizons between the A or Ap
horizon and a depth of 75 cm below the mineral
soil surface, in 50 percent or more of the matrix,
one, or a combination, of the following colors:

a. Hue of 7.5YR or redder; and

(1) Peds present and a chroma of 2 or more
(both moist and dry) on 50 percent or more
of ped exteriors, or no redox depletions
with a chroma of 2 or less (both moist and
dry) in ped interiors; or

(2) No peds present and a chroma of 2 or more
(both moist and dry); or

b. Hue of 10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more (both moist and dry); or

(2) A chroma of 2 or more (both moist and dry)
and no redox concentrations; and

3. An Ap horizon or materials between the mineral
soil surface and 18 cm that after mixing meet one
or more the following colors;

a. A color value, moist, of 4 or more; or
b. A color value, dry, of 6 or more; or

¢. A chroma of 4 or more.
Aeric Chromic Vertic Epiaqualfs

TIAJB. Other Epiaqualfs which have both of the
following:

1. One or both:

a. Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 c¢m of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. In one or more horizons hetween the A or Ap
horizon and a depth of 75 em below the mineral
soil surface, in 50 percent or more of the matrix,
one, or a combination, of the following colors:




76

a.

Hue of 7.6YR or redder; and

(1) Peds present and a chroma of 2 or more
(both moist and dry) on 50 percent or more
of ped exteriors, or no redox depletions
with a chroma of 2 or less (both moist and
dry) in ped interiors; or

(2) No peds present and a chroma of 2 or more
(both moist and dry); or

Hue of 10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more (both moist and dry); or

(2) A chroma of 2 or more (both moist and dry)
and no redox concentrations.
Aeric Vertic Epiaqualfs

IAJC. Other Epiaqualfs which have both of the

following:
1. One or both:
a. Cracks within 125 cm of the mineral soil

surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most vears, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 em or a densic, lithic, or paralithic
contact, whichever is shallower; and

An Ap horizon or materials between the mineral
goil surface and 18 cm that after mixing meet one
or more the following colors:

a.

b.

C.

A color value, moist, of 4 or more; or
A color value, dry, of 6 or more; or

A chroma of 4 or more.
Chromic Vertic Epiagualfs

IAJD. Other Epiaqualfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of



77

30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 ¢m or more thick that has its upper boundary
within 125 cm of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densie, lithic, or paralithic contact, whichever
is shallower.

Vertic Epiaqualfs

IAJE. Other Epiaqualfs which have, throughout one or
more horizons with a total thickness of 18 ¢ or more
within 75 cm of the mineral soil surface, one or more of
the following:

1. A fine-earth fraction with both a bulk density of 1.0
glem? or less, measured at 33 kPa water retention,
and aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling more than 1.0; or

2. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

3. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Aquandic Epiaqualfs

IAJF. Other Epiaqualfs that have:
1. Fragic soil properties;

a. In 30 percent or more of the volume of a layer
15 ¢cm or more thick that has its upper
boundary within 100 em of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 em or more thick; and

2. In one or more horizons between the A or Ap
horizon and a depth of 75 cm below the mineral
soil surface, in 50 percent or more of the matrix,
one, or a combination, of the following colors:
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a, Hue of 7.5YR or redder; and

(1) Peds present and a chroma of 2 or more
(both moist and dry) on 50 percent or more
of ped exteriors, or no redox depletions
with a chroma of 2 or less (both moist and
dry) in ped interiors; or

(2) No peds present and a chroma of 2 or more
(both moist and dry); or

b. Hue of 10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more (both moist and dry); or

(2) A chroma of 2 or more (both moist and dry)
and no redox concentrations.
Aeric Fragic Epiaqualfs

TAIG., Other Epiaqualfs that have fragic soil proper-

ties;

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
c¢m or more thick.
Fragic Epiaqualfs

TIAJH. Other Epiaqualfs that have a sandy or sandy-
gkeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Epiaqualfs

IAJIL. Other Epiaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 ¢cm or more.
Grossarenic Epiaqualfs

1AJd. Other Epiaqualfs which have:

1. An Ap horizon that meets all the requirements for
an umbric epipedon except thickness, or materials
between the soil surface and a depth of 18 em that
meet these requirements after mixing; and

2. In one or more horizons between the A or Ap
horizon and a depth of 76 cm below the mineral
soil surface, in 50 percent or more of the matrix,
one, or a combination, of the following colors:
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a. Hue of 7.5YR or redder; and

(1)

()

Peds present and a chroma of 2 or more
(both moist and dry) on 50 percent or more
of ped exteriors, or no redox depletions
with a chroma of 2 or less (both moist and
dry) in ped interiors; or

No peds present and a chroma of 2 or more
(both moist and dry); or

b. Hue of 10YR or yellower and either

(o))

@

Both a color value, moist, and chroma of 3
or more (both moist and dry); or

A chroma of 2 or more (both moist and dry)
and no redox concentrations.
Aeric Umbric Epiaqualfs

TAJK. Other Epiaqualfs which have both:

1. A mollic epipedon, or an Ap horizon that meets all
the requirements for a mollic epipedon except
thickness, or materials between the soil surface
and a depth of 18 cm that meet these requirements
after mixing; and

2. In 50 percent or more of the matrix in one or more
horizons between the A or Ap horizon and a depth
of 76 cm below the mineral soil surface, one, or a
combination, of the following colors:

a. Ahue of 7.6YR or redder; and

@

@

If peds are present, a chroma of 2 or more
on 50 percent or more of ped exteriors, or
no redox depletions with a chroma of 2 or
less in ped interiors; or

If peds are absent, a chroma of 2 or more
in 50 percent or more of the matrix; or

b. A hue of 10YR or yellower and either

0}

2

Both a color value, moist, and chroms of 3
or more; or

A chroma of 2 or more if there are no redox
concentrations.
Udollic Epiaqualfs

TAJL. Other Epiaqualfs that have, in one or more
horizons between the A or Ap horizon and a depth of
75 cm below the mineral soil surface, in 50 percent or
more of the matrix, one, or a combination, of the
following colors:
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1. Hue of 7.5YR or redder; and

a. Peds present and a chroma of 2 or more (both
moist and dry) on 50 percent or more of ped
exteriors, or no redox depletions with a chroma
of 2 or less (both moist and dry) in ped interi-
ors; or

b. No peds present and a chroma of 2 or more
(both moist and dry); or

2. Hue of 10YR or yellower and either

a. Both a color value, moist, and chroma of 3 or
more (both moist and dry); or

b. A chroma of 2 or more (both moist and dry) and
no redox concentrations.
Aeric Epiaqualfs

TAJM. Other Epiaqualfs which have a mollic epipedon,
or an Ap horizon that meets all the requirements for a
mollic epipedon except thickness, or materials between
the soil surface and a depth of 18 cm that meet these
requirements after mixing.

Mollic Epiaqualfs

TAJN. Other Epiaqualfs which have an Ap horizon
that meets all the requirements for an umbric
epipedon except thickness, or materials between the
soil surface and a depth of 18 em that meet these
requirements after mixing.

Umbric Epiaqualfs

IAJO. Other Epiaqualfs.
Typic Epiaqualfs
Fragiaqualfs

Key to subgroups

IADA. Fragiaqualfs that have one or more layers at
least 25 ¢m thick (cumulative) within a depth of 100
cm from the mineral soil surface, which have 25
percent or more (by volume) recognizable bioturbation
such as filled animal burrows, wormholes, or casts,
Vermic Fragiaqualfs

IADB. Other Fragiaqualfs that have, between the A or
Ap horizon and a fragipan, a horizon with 50 percent
or more chroma of 3 or more if the hue is 10YR or
redder, or of 4 or more if the hue is 2.5Y or yellower,
Aeric Fragiaqualfs
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IADC. Other Fragiaqualfs that have b percent or more
(by volume) plinthite in one or more horizons within
150 cm of the mineral soil surface.

Plinthic Fragiaqualfs

IADD. Other Fragiaqualfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
¢m which have these color values after mixing.
Umbric Fragiaqualfs

TIADE. Other Fragiaqualfs.
Typic Fragiaqualfs

Glossaqualfs

sub

TAGA. Glossaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 ¢m to 100 c¢m.

Arenic Glossaqualfs

IAGB. Other Glossaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 ¢cm or more.
Grossarenic Glossaqualfs

TAGC. Other Glossaqualfs that have:

1. Fragic soil properties:

a, In 30 percent or more of the volume of a layer
15 em or more thick that has its upper
boundary within 100 ¢cm of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 em or more thick; and

2. In one or more horizons between the A or Ap
horizon and a depth of 75 ¢m below the mineral
soil surface, one, or a combination, of the following
colors:

a. Ahue of 7.5YR or redder in 50 percent or more
of the matrix; and

(1). If peds are present, a chroma of 2 or more
on 50 percent or more of ped exteriors, or
no redox depletions with a chroma of 2 or
less in ped interiors; or
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in 50 percent or more of the matrix; or

b. In 50 percent or more of the matrix, a hue of
10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
oT more; or

(2) A chroma of 2 or more if there are no redox
concentrations.
Aeric Fragic Glossaqualfs

IAGD, Other Glossaqualfs that have fragic soil
properties;

1. In 30 percent or more of the volume of a layer 15
¢m or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick
Fragic Glossaqualfs

IAGE. Other Glossagualfs that have, in one or more
horizons between the A or Ap horizon and a depth of
75 cm below the mineral soil surface, in 50 percent or
more of the matrix, one, or a combination, of the
following colors:

1. Hue of 7.5YR or redder; and

a. Peds present and a chroma of 2 or more (both
moist and dry) on 50 percent or more of ped
exteriors, or no redox depletions with a chroma
of 2 or less (both moist and dry) in ped interi-
ors; or

b. No peds present and a chroma of 2 or more
(both moist and dry); or

2. Hue of 10YR or yellower and either

a. Both a color value, moist, and chroma of 3 or
more (both moist and dry); or

b. A chroma of 2 or more (both moist and dry) and
no redox concentrations,
Aeric Glossaqualfs

IAGF. Other Glossaqualfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of & or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
c¢m which have these color values after mixing.

Mollic Glossagualfs
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IAGG. Other Glossaqualfs.
Typic Glossaqualfs

Kandiaqualfs
Kev to subgroups

IAEA. Kandiaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Kandiaqualfs

IAEB. Other Kandiaqualfs that have a sandy or
sandy-skeletal particle-size class throughout a layer
extending from the mineral soil surface to the top of
an argillic horizon at a depth of 100 cm or more.
Grossarenic Kandiaqualfs

IAEC. Other Kandiaqualfs that have 5 percent or
more (by volume) plinthite in one or more horizons
within 150 em of the mineral soil surface.

Plinthic Kandiaqualfs

IAED. Other Kandiaqualfs that have both:

1. An Ap horizon with a color value, moist, of 3 or less
and a color value, dry, of 5 or less (crushed and
smoothed sample), or materials between the soil
surface and a depth of 18 em which have these
color values after mixing; and

2. In one or more horizons between the A or Ap
horizon and a depth of 75 em below the mineral
soil surface, in 50 percent or more of the matrix,
one, or a combination, of the following colors:

a. Hue of 7.6YR or redder; and

(1) Peds present and a chroma of 2 or more
{both moist and dry) on 50 percent or more
of ped exteriors, or no redox depletions
with a chroma of 2 or less (both moist and
dry) in ped interiors; or

(2) No peds present and a chroma of 2 or more
(both moist and dry); or

b. Hue of 10YR or yellower and either

(1) Both a color value, moist, and chroma of 3
or more (both moist and dry); or

(2) A chroma of 2 or more (both moist and dry)
and no redox concentrations.
Aeric Umbric Kandiaqualfs
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TIAEE. Other Kandiaqualfs that have, in one or more
horizons between the A or Ap horizon and a depth of
75 ¢cm below the mineral soil surface, in 50 percent or
more of the matrix, one, or a combination, of the
following colors:

1. Hue of 7.5YR or redder; and

a. Peds present and a chroma of 2 or more (both
moist and dry) on 50 percent or more of ped
exteriors, or no redox depletions with a chroma
of 2 or less (both moist and dry) in ped interi-
ors; or

b. No peds present and a chroma of 2 or more
(both moist and dry); or

2. Hue of 10YR or yellower and either

a. Both a color value, moist, and chroma of 3 or
more (both moist and dry); or

b. A chroma of 2 or more (both moist and dry) and
no redox concentrations,
Aeric Kandiaqualfs

TIAEF. Other Kandiaqualfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
c¢m which have these color values after mixing,
Umbric Kandiaqualfs

TIAEG. Other Kandiaqualfs.
Typic Kandiaqualfs

Natraqualfs
ey to sub 8

TIACA., Natraqualfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 cm of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 em
or a densic, lithic, or paralithic contact, whichever
is shallower.

Vertic Natraqualfs
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IACB. Other Natraqualfs that have one or more layers
at least 25 cm thick (cumulative) within a depth of 100
c¢m from the mineral soil surface, which have 25
percent or more (by volume) recognizable bioturbation
guch as filled animal burrows, wormholes, or casts.
Vermic Natraqualfs

IACC. Other Natraqualfs that have both:

1. A glossic horizon, or interfingering of albic materi-
als into the natric horizon; and

2. In all horizons within 40 cm of the mineral soil
surface, an exchangeable sodium percentage of less
than 15 percent, and less magnesium and sodium
than calcium and extractable acidity.

Albic Glossic Natraqualfs

IACD. Other Natraqualfs that have an exchangeable
sodium percentage of less than 15 percent, and less
magnesium and sodium than calcium and extractable
acidity, either throughout the upper 15 cm of the
natric horizon, or in all horizons within 40 ¢cm of the
mineral soil surface, whichever is deeper.

Albic Natraqualfs

IACE. Other Natraqualfs that have a glossic horizon,
or interfingering of albic materials into the natric
horizon.

Glossic Natraqualfs

IACF, Other Natraqualfs that have an Ap horizon with
a color value, moist, of 3 or less and a color value, dry,
of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
cm which have these color values after mixing.

Mollic Natraqualfs

IACG. Other Natraqualfs.
Typic Natraqualfs

Plinthaqualfs

TIAAA. All Plinthaqualfs (provisionally).
Typic Plinthaqualfs

Umbraqualfs

Key to subgroups

TATA. Umbraqualfs that have, throughout one or more
horizons with a total thickness of 18 ¢m or more
within 75 em of the mineral soil surface, one or more of
the following:




86

1. A fine-earth fraction with both a bulk density of 1.0
g/lem?® or less, measured at 33 kPa water retention,
and aluminum plus 1/2 iron percentages (by
ammonium oxalate) totaling more than 1.0; or

2. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

3. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
voleanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Aquandic Umbraqualfs

TAIB. Other Umbraqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Umbraqualfs

IAIC. Other Umbraqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 ¢cm or more.
Grossarenic Umbraqualfs

IAID. Other Umbraqualfs that have, in one or more
horizons above the argillic horizon, 5 percent or more
(by volume) discrete nodules 2.5 to 30 cm in diameter
that are cemented by iron.

Ferrudalfic Umbraqualfs

TIAIE. Other Umbraqualfs.
Typic Umbraqualfs

Vermagqualfs

K 8 ups

IAFA. Vermaqualfs that have an exchangeable sodium
percentage of 7 or more (or a sodium adsorption ratio

of 6 or more): either or both

1. Throughout the upper 156 cm of the argillic horizon;
andlor

2. Throughout all horizons within 40 cm of the
mineral soil surface.
Natric Vermaqualfs



IAFB. Other Vermaqualfs.
Typic Vermaqualfs

Boralfs
Key to great groups
IBA. Boralfs which have all of the following:

1. An argillic horizon that has its upper boundary 60
em or more below the mineral surface; and

2. A texture finer than loamy fine sand in one or more
horizons above the argillic horizon; and

3. Either a glossic horizon, or interfingering of albic
materials into the argillic horizon.
Paleboralfs, p. 98

IBB. Other Boralfs that have a fragipan with its upper
boundary within 100 ¢m if the mineral soil surface.
Fragiboralfs, p. 95

IBC. Other Boralfs that have a natric horizon.
Natriboralfs, p. 98

IBD. Other Boralfs that have a cryic soil temperature
regime,
Cryoboralfs, p. 87

IBE. Other Boralfs that have both;

1. A base saturation (by sum of cations) of 60 percent
or more in all subhorizons of the argillic horizon;
and

2. A moisture control section that is dry in one or
more horizons for some time in most years.
Eutroboralfs, p. 90

IBF. Other Boralfs.
Glossoboralfs, p. 96

Cryoboralfs
Key to subgroups
IBDA. Cryoboralfs that have both:

1. A lithic contact within 50 em of the mineral soil
surface; and

2. A color value, moist, of 3 or less (crushed and
smoothed sample) either in an Ap horizon, or
between the soil surface and a depth of 15 ¢m, after
mixing.

Lithic Molli¢ Cryoboralfs
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IBDB. Other Cryoboralfs that have a lithic contact
within 50 cm of the mineral soil surface.
Lithic Cryoboralfs

IBDC. Other Cryoboralfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 ¢m or more thick that has its upper boundary
within 125 ¢m of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densgic, lithie, or paralithic contact, whichever
is shallower.

Vertic Cryoboralfs

IBDD. Other Cryocboralfs that have, throughout one or
more horizons with a total thickness of 18 ¢cm or more
within 75 em of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/cm? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0.

Andic Cryoboralfs

IBDE. Other Cryoboralfs that have, throughout one or
more horizons with a total thickness of 18 cm or more

within 75 ¢m of the mineral soil surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0,02 to 2.0 mm in diameter, and

a. In the 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more,

Vitrandic Cryoboralfs

IBDF. Other Cryoboralfs that have, in one or more
horizons within 75 ¢cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Cryohoralfs
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IBDG. Other Cryoboralfs that are saturated with
water, in one or more layers within 100 ¢m of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Cryoboralfs

IBDH. Other Cryoboralfs have an argillic horizon that:
1, Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 ¢m thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 em
thick, each with an overlying eluvial horizon.

Lamellic Cryoboralfs

IBDI. Other Cryoboralfs that have a sandy particle-
size class throughout the upper 75 ¢m of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick.

Psammentic Cryoboralfs

IBDJ. Other Cryoboralfs that have a glossic horizon.
Glossic Cryoboralfs

IBDK. Other Cryoboralfs that have an argillic horizon
that is 35 ¢cm or less thick.
Ochreptic Cryoboralfs

IBDL. Other Cryoboralfs that have a color value,
moist, of 3 or less (crushed and smoothed sample)
either in an Ap horizon, or between the soil surface
and a depth of 15 ¢m, after mixing.

Mollic Cryoboralfs

IBDM. Other Cryoboralfs.
Typic Cryoboralfs
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Eutroboralfs

Key to subgroups

IBEA. Eutroboralfs that have a lithie contact within
50 c¢cm of the mineral soil surface,
Lithic Eutroboralfs

IBEB. Other Eutroboralfs which have both:
1. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 em or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 ¢m of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 em or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Aquertic Eutroboralfs

IBEC. Other Eutroboralfs which have one or both of
the following:

1. Cracks within 125 ¢m of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 em or more thick that has its upper boundary
within 125 cm of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densic, lithie, or paralithic contact, whichever
is shallower.

Vertic Eutroboralfs

IBED. Other Eutroboralfs that have, throughout one
or more horizons with a total thickness of 18 ¢cm or
more within 75 cm of the mineral soil surface, a fine-
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earth fraction with both a bulk density of 1.0 g/cm?® or
less, measured at 33 kPa water retention, and
aluminum plus 1/2 iron percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Eutroboralfs

IBEE. Other Eutroboralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 em of the mineral soil surface, one or
both of the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Eutroboralfs

IBEF. Other Eutroboralfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm.

Aquic Arenic Eutroboralfs

IBEG. Other Eutroboralfs that have both:
1. Fragic soil properties;

a. In 30 percent or more of the volume of a layer
16 em or more thick that has its upper
boundary within 100 ¢cm of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
16 em or more thick; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:
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a.

Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 em of the
mineral soil surface; or

Within 75 ¢m of the mineral soil surface if the

upper boundary of the argillic horizon is 50 em

or more below the mineral soil surface.
Fragiaquic Eutroboralfs

IBEH. Other Eutroboralfs which have both:

1. A glossic horizon; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a.

Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral goil surface; or

Within 75 ¢m of the mineral soil surface if the

upper boundary of the argillic horizon is 50 cm

or more below the mineral soil surface.
Glossaquic Eutroboralfs

IBEL Other Eutroboralfs that have redox depletions
with a chroma of 2 or less in layers that also have
aquic conditions in most years (or artificial drainage)

either:

1. Within the upper 25 cm of the argillic horizon if its
upper boundary is within 50 ¢cm of the mineral soil
surface; or

2. Within 75 em of the mineral soil surface if the
upper boundary of the argillic horizon is 50 ¢cm or
more below the mineral soil surface.

Aquic Eutroboralfs

IBEJ. Other Eutroboralfs which have both

1. An argillic horizon that:

a.

b.

Consists entirely of lamellae; or

Is a combination of two or more lamellae and
one or more subhorizons with a thickness of 7.5
to 20 em, each layer with an overlying eluvial
horizon; or

Consists of one or more subhorizons which are

more than 20 cm thick, each with an overlying

eluvial horizon, and above these horizons there
is either:
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(1) Two or more lamellae with a combined
thickness of 5 cm or more (that may or
may not be part of the argillic horizon); or

(2) A combination of lamellae (that may or
may not be part of the argillic horizon),
and one or more parts of the argillic
horizon 7.5 to 20 cm thick, each with an
overlying eluvial horizon; and

2. Saturation with water, in one or more layers
within 100 em of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years.

Lamellic Oxyaquic Eutroboralfs

IBEK. Other Eutroboralfs which:

1. Have a sandy particle-size class throughout the
upper 75 ¢m of the argillic horizon, or throughout
the entire argillic horizon if it is less than 75 cm
thick; and

2. Are saturated with water, in one or more layers
within 100 cm of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years,

Oxyaquic Psammentic Eutroboralfs

IBEL. Other Eutroboralfs that have both:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm; and

2. Saturation with water, in one or more layers
within 100 cm of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years,

Arenic Oxyaquic Eutroboralfs

IBEM. Other Eutroboralfs which have both:
1. A glossic horizon; and

2. Saturation with water, in one or more layers
within 100 em of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years.

Glossic Oxyaquic Eutroboralfs

IBEN. Other Eutroboralfs that are saturated with
water, in one or more layers within 100 c¢m of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Eutroboralfs
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IBEO. Other Eutroboralfs that have fragic soil
properties:

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 em of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 16
c¢m or more thick.
Fragic Eutroboralfs

IBEP. Other Eutroboralfs that have an argillic horizon
that:

1. Congists entirely of lamellae; or

2, Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 em thick, each with an overlying
eluvial horizon, and above these horizons there is
either:;

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon), or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 ¢cm
thick, each with an overlying eluvial horizon,

Lamellic Eutroboralfs

IBEQ. Other Eutroboralfs that have a sandy particle-
size class throughout the upper 75 em of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick,

Psammentic Eutroboralfs

IBER. Other Eutroboralfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 cm or more.

Arenic Eutroboralfs

IBES. Other Eutroboralfs that have a glossic horizon,
Glossic Eutroboralfs

IBET. Other Eutroboralfs that have an argillic horizon
that is 35 cm or less thick,
Ochreptic Eutroboralfs

IBEU. Other Eutroboralfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
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IBBE. Other Fragiboralfs.
Typic Fragiboralfs

Glossoboralfs

Key to subgroups

IBFA. Glossoboralfs that have a lithic contact within
50 e¢m of the mineral soil surface,
Lithic Glossoboralfs

IBFB. Other Glossoboralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the mineral soil surface, a fine-
earth fraction with both a bulk density of 1.0 g/cm?® or
less, measured at 33 kPa water retention, and
aluminum plus 1/2 iron percentages (by ammonium
oxalate) totaling more than 1.0,

Andic Glossoboralfs

IBFC. Other Glossoboralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 em of the mineral soil surface, one or
both of the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Glossoboralfs

IBFD. Other Glossoboralfs that have both:
1. Fragic soil properties:

a. n 30 percent or more of the volume of a layer
15 em or more thick that has its upper
boundary within 100 cm of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 cm or motre thick; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:
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materials between the soil surface and a depth of 18
cm which have these color values after mixing.

Mollic Eutroboralfs
IBEV. Other Eutroboralfs.

Typic Eutroboralfs
Fraglboralfs
Key to subgroups

IBBA. Fragiboralfs that have, throughout one or more
horizons with a total thickness of 18 cm or more
within 75 em of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/em? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0,

Andic Fragiboralfs

IBBB. Other Fragiboralfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. In the 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Fragiboralfs

IBBC. Other Fragiboralfs that have, in one or more
subhorizons within the upper 25 cm of the argillic
horizon, redox depletions with a chroma of 2 or less,
and also aquic conditions for some time in most years
(or artificial drainage),

Aquic Fragiboralfs

IBBD. Other Fragiboralfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Fragiboralfs
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a. Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

b. Within 75 em of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Fragiaquic Glossoboralfs

IBFE. Other Glossoboralfs that have, in one or more
subhorizons within the upper 25 cm of the argillic
horizon, redox depletions with a chroma of 2 or less,
and also aquic conditions for some time in most years
(or artificial drainage).

Aquic Glossoboralfs

IBFF. Other Glossoboralfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years,

Oxyaquic Glossoboralfs

IBFG. Other Glossoboralfs that have fragic soil
properties;

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick.
Fragic Glossoboralfs

IBFH. Other Glossoboralfs that have an argillic
horizon that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 ¢cm thick, each with an overlying
eluvial horizon, and above these horizons there is
either;

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Glossoboralfs
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IBFI. Other Glossoboralfs that have a sandy particle-
size class throughout the upper 75 cm of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 em thick.

Psammentic Glossoboralfs

IBFJ. Other Glossoboralfs that have an argillie
horizon 35 cm or less thick.
Ochreptic Glossoboralfs

IBFK. Other Glossoboralfs that do not have a glossic
horizon.
Eutric Glossoboralfs

IBFL. Other Glossoboralfs.
Typic Glossoboralfs

Natriboralis

IBCA. All Natriboralfs (provisionally).
Typic Natriboralfs

Paleboralfs

Key to subgroups

IBAA. Paleboralfs that have, throughout one or more
horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/em? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0.

Andic Paleboralfs

IBAB, Other Paleboralfs that have, throughout one or
more horizons with a total thickness of 18 cm or more

within 756 em of the mineral soil surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
voleanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Paleboralfs
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IBAC. Other Paleboralfs that have, in one or more
horizons within 100 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Paleboralfs

IBAD. Other Paleboralfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Paleboralfs

IBAE. Other Paleboralfs which have an argillic
horizon that has, in its fine-earth fraction, a clay
increase with depth of 20 percent or more (absolute)
within its upper 7.5 cm.

Abruptic Paleboralfs

IBAF. Other Paleboralfs that have an Ap horizon with
a color value, moist, of 3 or less and a color value, dry,
of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
cm which have these color values after mixing,

Mollic Paleboralfs

IBAG. Other Paleboralfs.

Typic Paleboralfs

Udalfs

Key to great groups

IEA. Udalfs that have an agric horizon.

Agrudalfs, p. 101

IEB. Other Udalfs that have a natric horizon.

Natrudalfs, p. 118

IEC. Other Udalfs which have:

1.

2.

A discontinuous albic horizon or no albic horizon
above the argillic horizon; and

An argillic horizon that is discontinuous horizon-
tally; and

In the argillic horizon, discrete nodules 2.5 em to
30 cm in diameter with exteriors that (a) are
enriched and weakly cemented to indurated with
iron, and (b) have either a redder hue or a higher
chroma than the interiors.

Ferrudalfs, p. 101
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IED. Other Udalfs that have a glossic horizon and
have a fragipan with its upper boundary within 100
¢m of the mineral soil surface.

Fraglossudalfs, p. 104

IEE. Other Udalfs that have a glossic horizon.
Glossudalfs, p. 104

IEF. Other Udalfs that have a fragipan with its upper
boundary within 100 ¢cm of the mineral soil surface.
Fragiudalfs, p. 102

IEG. Other Udalfs which:

1. Do not have a densic, lithic, paralithic, or
petroferric contact within 150 ¢m of the mineral
goil surface; and

2. Have a CEC of 16 cmol(+)/kg clay or less (by 1IN
NH,OAc pH 7) and an ECEC of 12 cmol(+)/kg clay
or less (sum of bases extracted with IN NH, OAc
pH 7, plus 1N-KCl-extractable Al) in 50 percent or
more either of the argillic or kandie horizon if less
than 100 cm thick, or of its upper 100 ¢m; and

3. Within 150 em of the mineral soil surface, either

a. Do not have a clay decrease with increasing
depth of 20 percent or more (relative) from the
maximum clay content; or

b. Have 5 percent or more (by volume) skeletans
on faces of peds in the layer that has a 20
percent lower clay content and, below that
layer, a clay increase of 3 percent or more
(absolute) in the fine-earth fraction.

Kandiudalfs, p. 115

IEH. Other Udalfs that have a CEC of 16 emol(+)/kg
clay or less (by 1IN NH,OAc pH 7) and an ECEC of 12
emol(+)/kg clay or less (sum of bases extracted with 1N
NH,OAc pH 7, plus IN-KCl-extractable Al) in 50
percent or more either of the argillic or kandic horizon
if less than 100 cm thick, or of its upper 100 em,
Kanhapludalfs, p. 117

IEI. Other Udalfs which:

1. Do not have a densig, lithic, or paralithic contact
within 150 cm of the mineral soil surface; and

2. Within 150 cm of the mineral soil surface, either
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a. Do not have a clay decrease with depth of 20
percent or more (relative) from the maximum
clay content; or

b. Have 5 percent or more (by volume) skeletans
on faces of peds in the layer that has a 20
percent lower clay content and, below that
layer, a clay increase of 3 percent or more
(absolute) in the fine-earth fraction; and

3. Have one or more of the following in the argillic
horizon:

a. In the matrix of its lowest subhorizon, a hue
redder than 10YR and 50 percent or more
chroma of 5 or more; or

b. In 50 percent or more of its matrix, a hue of
2.5YR or redder, a color value, moist, of 3 or
less, and a color value, dry, of 4 or less; or

¢. In one or more subhorizons, many coarse redox
concentrations with a hue redder than 7.5YR
or a chroma of 6 or more, or both.
Paleudalfs, p. 118

IEJ. Other Udalfs that have in all horizons in the
upper 100 em of the argillic horizon or throughout the
entire argillic horizon, if less than 100 cm thick, more
than 50 percent colors that have all of the following:

1. Ahue of 2.5YR or redder; and
2. A value moist of 3 or less; and

3. A value dry no more than 1 unit higher than the
value moist.
Rhodudalfs, p. 122

IEK. Other Udalfs.
Hapludalfs, p. 107

Agrudalfs

IEAA. All Agrudalfs (provisionally).
Typic Agrudalfs

Ferrudalfs

Key to subgroups

TIECA. Ferrudalfs that have, in one or more horizons
within 60 cm of the mineral soil surface, redox
depletions with a chroma of 2 or less, and also aquic
conditions for some time in most years (or artificial
drainage).

Aquic Ferrudalfs
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IECB. Other Ferrudalfs,
Typic Ferrudalfs

Fragiudalfs

Key to subgroups
IEFA. Fragiudalfs which:

1. Do not, above the fragipan, have an argillic horizon
with clay films on both vertical and horizontal
faces of any peds; and

2. Have, directly above the fragipan, a layer 5 ¢m or
more thick which either:

a. Has, on faces of primary peds, clay depletions
of clean silt and sand that constitute 1 percent
or more (by volume) of the layer; or

b. Is an eluvial horizon (E) and has 3 or more
percent (absolute) less clay in the fine-earth
fraction than both the overlying and underly-
ing horizons; and

3. Have an Ap horizon with a color value, moist, of 3
or less and a color value, dry, of 5 or less (crushed
and smoothed sample), or materials between the
goil surface and a depth of 18 cm which have these
color values after mixing; and

4. Have a base saturation (by NH OAc) of less than
50 percent in one or more layers of the epipedon,
Umbreptic Fragiudalfs

IEFB. Other Fragiudalfs that have an Ap horizon with
a color value, moist, of 3 or less and a color value, dry,
of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
cm which have these color values after mixing.

Mollic Fragiudalfs
IEFC. Other Fragiudalfs that have both:

1. Directly above the fragipan, a layer 5 ¢cm or more
thick which either:

a. Has, on faces of primary peds, clay depletions
of clean silt and sand that constitute 1 percent
or more (by volume) of the layer; or

b. Is an eluvial horizon (E) and has 3 or more
percent (absolute) less clay in the fine-earth
fraction than both the overlying and underly-
ing horizons; and
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2. In one or more horizons within 40 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquie conditions for
some time in most years (or artificial drainage).

Glossaquic Fragindalfs

IEFD. Other Fragiudalfs which:

1. Do not, above the fragipan, have an argillic horizon
with clay films on both vertical and horizontal
faces of any peds; and

2. Have, in one or more horizons within 40 em of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage).

Aqueptic Fragiudalfs

IEFE. Other Fragiudalfs that have both:

1. In one or more horizons within 40 ¢cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. Within a vertical distance of 7.5 em at the top of
the argillic horizon, a clay increase of more than 15
percent (absolute) in the fine-earth fraction.

Albaguic Fragiudalfs

1IEFF. Other Fragiudalfs that have, in one or more
horizons within 40 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Fragiudalfs

IEFG. Other Fragiudalfs that are saturated with

water, in one or more layers above the fragipan, for 1

month or more per year in 6 or more out of 10 years.
Oxyaquic Fragiudalfs

IEFH. Other Fragiudalfs that have, directly above the
fragipan, a layer 5 cm or more thick which either:

1. Has, on faces of primary peds, clay depletions of
clean silt and sand that constitute 1 percent or
more (by volume) of the layer; or

2. 1Is an eluvial horizon (E) and has 3 or more percent
(absolute) less clay in the fine-earth fraction than
both the overlying and underlying horizons.

Glossic Fragiudalfs
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[EFI. Other Fragiudalfs that do not, above the

fragipan, have an argillic horizon with clay films on

both vertical and horizontal faces of any peds.
Ochreptic Fragiudalfs

IEFJ. Other Fragiudalfs,
Typic Fragiudalfs

Fraglossudalfs

Key to subgroups

IEDA. Fraglossudalfs that have, in one or more
subhorizons within the upper 25 em of the argillic
horizon, redox depletions with a chroma of 2 or less,
and algo aquic conditions for some time in most years
(or artificial drainage).

Aquic Fraglossudalfs

IEDB. Other Fraglossudalfs that are saturated with

water, in one or more layers above the fragipan, for 1

month or more per year in 6 or more out of 10 years,
Oxyaquic Fraglossudalfs

IEDC. Other Fraglossudalfs.
Typic Fraglossudalfs

Glossudalfs

Key to subgroups

IEEA. Glossudalfs which have both:

1. In one or more subhorizons within the upper 25 cm
of the argillic horizon, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. Throughout one or more horizons with a total
thickness of 18 em or more within 75 c¢m of the
mineral soil surface, one or more of the following:

a. A fine-earth fraction with both a bulk density
of 1.0 g/cm3 or less, measured at 33 kPa water
retention, and aluminum plus 1/2 iron percent-
ages (by ammonium oxalate) totaling more
than 1.0; or

b. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or
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¢. A fine earth fraction containing 30 percent or
more particles 0.02 to 2,0 mm in diameter, and

(1) In the 0.02 to 2.0 fraction, 5 percent or
more volcanic glass, and

(2) [(Aluminum plus 1/2 iron, percent
extracted by ammonium oxalate) times 60]
plus the volcanic glass (percent) is equal to
30 or more.

Aguandic Glossudalfs

IEEB. Other Glossudalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/cm? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0,

Andic Glossudalfs

IEEC. Other Glossudalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Glossudalfs

IEED. Other Glossudalfs that have both:
1. Fragic soil properties;
a. In 30 percent or more of the volume of a layer
15 ¢m or more thick that has its upper
boundary within 100 em of the mineral soil

surface; or

b. In 60 percent or more of the volume of a layer
15 cm or more thick; and
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2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 em of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

b, Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Fragiaquic Glossudalfs

IEEE. Other Glossudalfs that have, in one or more
subhorizons within the upper 25 cm of the argillic
horizon, redox depletions with a chroma of 2 or less,
and also aquic conditions for some time in most years
(or artificial drainage).

Aquic Glossudalfs

IEEF. Other Glossudalfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years,

Oxyaquic Glossudalfs

IEEG. Other Glossudalfs that have fragic soil proper-
ties:

1. In 30 percent or more of the volume of a layer 15
c¢m or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick.
Fragic Glossudalfs

IEEH. Other Glossudalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an

argillic horizon at a depth of 50 cm or more.
Arenic Glossudalfs

IEEL Other Glossudalfs that do not have a glossic
horizon 50 ¢cm or more thick.
Haplic Glossudalfs

IEEJ, Other Glossudalfs.
Typic Glossudalfs
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Hapludalfs
Key to subgroups

IEKA. Hapludalfs that have both:

1. A lithic contact within 50 cm of the mineral soil
surface; and

2. In one or more subhorizons within the upper 25 cm
of the argillic horizon, redox depletions with a
chroma of 2 or less, and also aquic conditions for
gsome time in most years (or artificial drainage).

Aquic Lithic Hapludalfs

IEKB. Other Hapludalfs that have a lithic contact
within 50 em of the mineral soil surface.
Lithic Hapludalfs

IEKC. Other Hapludalfs which have all of the
following:

1. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 em or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 em or a densie, lithic, or paralithic
contact, whichever is shallower; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface; and

3. An Ap horizon or materials between the mineral
soil surface and 18 cm that after mixing meet one
or more the following colors;

mr >
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IEKD.

A color value, moist, of 4 or more; or
A color value, dry, of 6 or more; or

A chroma of 4 or more,
Aguertic Chromic Hapludalfs

Other Hapludalfs which have both:

1. One or both of the following:

a.

Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢m or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 ¢cm or more thick that
has its upper boundary within 125 ¢m of the
mineral soil surface; or

A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 ¢m or a densie, lithic, or paralithic
contact, whichever is shallower; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a.

IEKE.

Within the upper 25 ¢m of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface, or

Within 75 e¢m of the mineral soil surface if the

upper boundary of the argillic horizon is 50 em

or more below the mineral soil surface.
Aquertic Hapludalfs

Other Hapludalfs that have both:

1. Saturation with water, in one or more layers
within 100 em of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years; and

2. One or both of the following:

a,

Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 em or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 c¢m of the
mineral soil surface; or



109

b. A linear extensibility of 6.0 ¢m or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower.

Oxyaquic Vertic Hapludalfs

IEKF. Other Hapludalfs which have both
1. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 ¢cm or more
between the mineral soil surface and either a
depth of 100 em or a densic, lithie, or paralithic
contact, whichever is shallower; and

2. An Ap horizon or materials between the mineral
soil surface and 18 ¢cm that after mixing meet one
or more the following colors;

a. A color value, moist, of 4 or more; or
b. A color value, dry, of 6 or more; or

¢. A chroma of 4 or more,
Chromic Vertic Hapludalfs

IEKG. Other Hapludalfs which have one or both of the
following:

1. Cracks within 125 ¢m of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 em of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 ¢m
or a densic, lithic, or paralithic contact, whichever
is shallower.

Vertic Hapludalfs

IEKH. Other Hapludalfs that have, throughout one or
more horizons with a total thickness of 18 ¢cm or more
within 75 em of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/em? or less,
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measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0,

Andic Hapludalfs

IEKI. Other Hapludalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2.

A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a.

In the 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

[(Aluminum plus 1/2 iron, percent extracted by

ammonium oxalate) times 60] plus the voleanic

glass (percent) is equal to 30 or more.
Vitrandic Hapludalfs

IEKJ. Other Hapludalfs that have both:

1.

Fragic soil properties;

a.

In 30 percent or more of the volume of a layer
15 cm or more thick that has its upper
boundary within 100 cm of the mineral goil
surface; or

In 60 percent or more of the volume of a layer
15 em or more thick; and

Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a.

Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

Within 75 cm of the mineral soil surface if the

upper boundary of the argillic horizon is 50 cm

or more below the mineral soil surface.
Fragiaquic Hapludalfs
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IEKK. Other Hapludalfs that have both:
1. Fragic soil properties;

a. In 30 percent or more of the volume of a layer
15 em or more thick that has its upper
boundary within 100 ¢cm of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 cm or more thick; and

2. Saturation with water, in one or more layers
within 100 cm of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years.

Fragic Oxyaquic Hapludalfs

IEKL. Other Hapludalfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-gkeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 cm or maore.

Aquic Arenic Hapludalfs

IEKM. Other Hapludalfs which have:
1. An abrupt textural change; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 em of the argillic horizon
if its upper boundary is within 50 em of the
mineral soil surface, or

b. Within 75 ¢m of the mineral soil surface if the
upper boundary of the argillic horizon is 50 em
or more below the mineral soil surface; and

3. A base saturation (by sum of cations) of less than
60 percent at a depth of 125 cm from the top of the
argillic horizon, or at a depth of 180 ¢m from the
mineral soil surface, or directly above a densic,
lithie, or paralithic contact, whichever is shallow-
est.

Albaquultic Hapludalfs
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IEKN. Other Hapludalfs which have both:

1

2.

An abrupt textural change; and

Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 c¢m of the argillic horizon
if its upper boundary is within 50 ¢m of the
mineral soil surface, or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 em
or more below the mineral soil surface.

Albaguic Hapludalfs

IEKO. Other Hapludalfs which have both:

1.

Interfingering of albic materials, and albic
materials surrounding some peds, in the upper
part of the argillic horizon; and

Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 ¢cm of the
mineral soil surface, or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 ¢cm
or more below the mineral soil surface,

Glossaquic Hapludalfs

IEKP. Other Hapludalfs which have both:

1.

Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 em of the argillic horizon
if its upper boundary is within 50 ¢cm of the
mineral soil surface, or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface; and

A base saturation (by sum of cations) of less than
60 percent at a depth of 125 cm from the top of the
argillic horizon, or at a depth of 180 ¢m from the
mineral soil surface, or directly above a densic,
lithic, or paralithic contact, whichever is shallow-
est.

Aquultic Hapludalfs



113

IEKQ. Other Hapludalfs which have both:

1. An Ap horizon that has a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and
smoothed sample), or materials between the soil
surface and a depth of 18 cm which have these
color values after mixing; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 em of the argillic horizon
if its upper boundary is within 50 em of the
mineral soil surface, or

b. Within 76 em of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Aquollic Hapludalfs

IEKR. Other Hapludalfs which have redox depletions
with a chroma of 2 or less in layers that also have
aquic conditions in most years (or artificial drainage)
either:

1. Within the upper 25 cm of the argillic horizon if its
upper boundary is within 50 cm of the mineral soil
surface, or

2. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 ¢cm or
more below the mineral soil surface,

Aquic Hapludalfs

IEKS. Other Hapludalfs that have anthfaquic
conditions.
Anthraquic Hapludalfs

IEKT. Other Hapludalfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years,

Oxyaquic Hapludalfs

IEKU. Other Hapludalfs that have fragic soil proper-
ties:

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 em of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick.
Fragic Hapludalfs
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IEKV. Other Hapludalfs that have an argillic horizon
that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 c¢m thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. 'Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Hapludalfs

IEKW. Other Hapludalfs that have a sandy particle-
size class throughout the upper 75 cm of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick.

Psammentic Hapludalfs

IEKX. Other Hapludalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 cm or more,

Arenic Hapludalfs
IEKY. Other Hapludalfs that have both:

1. Five percent or more (by volume) albic materials in
one or more subhorizons of the argillic horizon; and

2. A mean annual soil temperature of 10°C or higher.
Glossic Hapludalfs

IEKZ. Other Hapludalfs that have both:
1. In the upper part of the argillic horizon,
interfingering of albic materials and albic materi-

als surrounding some peds; and

2. A mean annual soil temperature lower than 10°C,
Glossoboric Hapludalfs
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IEKZa. Other Hapludalfs that have an argillic horizon
35 em or less thick.
Ochreptic Hapludalfs

IEKZb. Other Hapludalfs that have a base saturation
(by sum of cations) of less than 60 percent at a depth
of 125 em below the top of the argillic horizon, or at a
depth of 180 em below the mineral soil surface, or
directly above a densic, lithic, or paralithic contact,
whichever is shallowest.

Ultic Hapludalfs

IEKZc. Other Hapludalfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
c¢m which have these color values after mixing.

Mollic Hapludalfs

IEKZd. Other Hapludalfs.
Typic Hapludalfs

Kandiudalfs

Key to subgroups

IEGA. Kandiudalfs that have both:

1. In one or more horizons within 75 em of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. Five percent or more (by volume) plinthite in one
or more horizons within 150 em of the mineral soil
surface.

Plinthaquic Kandiudalfs

IEGB. Other Kandiudalfs that have, in one or more
horizons within 75 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Kandiudalfs

IEGC. Other Kandiudalfs that are saturated with
water, in one or more layers within 100 ¢m of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Kandiudalfs
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IEGD. Other Kandiudalfs that have both:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 em to 100 em; and

2. Five percent or more (by volume) plinthite in one
or more horizons within 150 ¢m of the mineral soil
surface,

Arenic Plinthic Kandiudalfs

IEGE. Other Kandiudalfs that have both:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 100 ¢m or more; and

2, Five percent or more (by volume) plinthite in one
or more horizons within 150 ¢em of the mineral soil
gurface.

Graossarenic Plinthic Kandiudalfs

IEGF. Other Kandiudalfs that have a sandy or sandy-
skeletal particle- size class throughout a layer
extending from the mineral soil surface to the top of
an argillic horizon at a depth of 50 to 100 cm.

Arenic Kandiudalfs

IEGG. Other Kandiudalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 em or more.
Grossarenic Kandiudalfs

IEGH. Other Kandiudalfs that have 5 percent or more
(by volume) plinthite in one or more horizons within
150 ¢m of the mineral soil surface.

Plinthic Kandiudalfs

IEGI. Other Kandiudalfs that have in ¢!l horizons in
the upper 100 em of the argillic or kandic horizon or
throughout the entire argillic or kandic horizon, if less
than 100 cm thick, more than 50 percent colors that
have all of the following:

1. Ahue of 2.5YR or redder; and
2. A value moist of 3 or less; and
3. A value dry no more than 1 unit higher than the

value moist.
Rhodic Kandiudalfs
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IEGJ. Other Kandiudalfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18

cm which have these color values after mixing.
Mollic Kandiudalfs

IEGK. Other Kandiudalfs.
Typic Kandiudalfs

Kanhapludalfs
Key to subgroups
IEHA. Kanhapludalfs that have a lithic contact within

50 em of the mineral soil surface.
Lithic Kanhapludalfs

IEHB. Other Kanhapludalfs that have, in one or more
horizons within 75 ¢cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Kanhapludalfs

IEHC. Other Kanhapludalfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Kanhapludalfs

IEHD. Other Kanhapludalfs that have in ¢!l horizons
in the upper 100 cm of the argillic or kandic horizon or
throughout the entire argillic or kandic horizon, if less
than 100 cm thick, more than 50 percent colors that
have all of the following:

1. A hue of 2.5YR or redder; and

2. A value moist of 3 or less; and

3. A value dry no more than 1 unit higher than the
value moist.

Rhodic Kanhapludalfs

IEHE. Other Kanhapludalfs.
Typic Kanhapludalfs
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Natrudaifs

Kev to subgroups

IEBA. Natrudalfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are § mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 ¢m of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever
1s shallower.

Vertic Natrudalfs

IEBB. Other Natrudalfs that have either a glossic
horizon, or interfingering of albic materials into the
natric horizon.

Glossic Natrudalfs

IEBC. Other Natrudalfs that have an Ap horizon with
a color value, moist, of 2 or less (crushed and smoothed
sample), or materials between the soil surface and a
depth of 18 cm which have that color value after
mixing.

Mollic Natrudalfs
IEBD. Other Natrudalfs.

Typic Natrudalfs
Paleudalfs
Kev to subgroups

IEIA. Paleudalfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 ¢cm or more thick that has its upper boundary
within 125 ¢m of the mineral soil surface; or

2. A linear extensibility of 6.0 ¢cm or more between the
mineral soil surface and either a depth of 100 cmn
or a densie, lithic, or paralithic contact, whichever
is shallower. .

Vertic Paleudalfs
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IEIB. Other Paleudalfs that have both:
1. Fragic soil properties;

a. In 30 percent or more of the volume of a layer
15 ¢cm or more thick that has its upper
boundary within 100 cm of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 cm or more thick; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aguic conditions in most
years (or artificial drainage) either:

a. Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Fragiaquic Paleudalfs

IEIC, Other Paleudalfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. Five percent or more (by volume) plinthite in one
or more horizons within 150 ¢m of the mineral soil
surface.

Plinthaquic Paleudalfs

IEID. Other Paleudalfs which have both;

1. In one or more horizons within 75 ¢m of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
gome time in most years (or artificial drainage);
and

2. In the upper part of the argillic horizon, one or
more subhorizons that have 5 percent or more (by
volume) clay depletions with a chroma of 2 or less.

Glossaquic Paleudalfs

IEIE. Other Paleudalfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and
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2. A clay increase of 15 percent or more (absolute) in
the fine-earth fraction within a vertical distance of
2.5 em at the upper boundary of the argillic
horizon,

Albaquic Paleudalfs

IEIF. Other Paleudalfs that have, in one or more
horizons within 75 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Paleudalfs

IEIG. Other Paleudalfs that have anthraquic condi-
tions,
Anthraquic Paleudalfs

IEIH. Other Paleudalfs that are saturated with water,
in one or more layers within 100 ¢m of the mineral soil
surface, for 1 month or more per year in 6 or more out
of 10 years.

Oxyaquic Paleudalfs

IEIL. Other Paleudalfs that have fragic soil properties:

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 em of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick.
Fragic Paleudalfs

IELJ, Other Paleudalfs that have both;

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 em; and

2. Five percent or more (by volume) plinthite in one
or more horizons within 150 ¢m of the mineral soil

surface.
Arenic Plinthic Paleudalfs

IEIK. Other Paleudalfs that have both:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 100 em or more: and

2. Five percent or more (by volume) plinthite in one
or more horizons within 150 em of the mineral soil
surface.

Grossarenic Plinthic Paleudalfs
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IEIL. Other Paleudalfs which have an argillic horizon
that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 ¢m thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Paleudalfs

IEIM. Other Paleudalfs which have a sandy particle-
size class throughout the upper 75 cm of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick.

Psammentic Paleudalfs

IEIN, Other Paleudalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm,

Arenic Paleudalfs

IEIQ. Other Paleudalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 cm or more.
Grossarenic Paleudalfs

IEIP. Other Paleudalfs that have 5 percent or more (by
volume) plinthite in one or more horizons within 150
cm of the mineral soil surface.

Plinthic Paleudalfs

IEIQ. Other Paleudalfs that have either:

1. In the upper part of the argillic horizon, one or
more subhorizons that have 5 percent or more (by
volume) skeletans with a chroma of 2 or less; or

2. Five percent or more (by volume) albic materials in
gsome subhorizon of the argillic horizon.
Glossic Paleudalfs
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IEIR. Other Paleudalfs that have in all horizons in the
upper 100 cm of the argillic horizon or throughout the
entire argillic horizon, if less than 100 em thick, more
than 50 percent colors that have all of the following:

1. Ahue of 2.5YR or redder; and
2. A value moist of 3 or less; and

3. Avalue dry no more than 1 unit higher than the
value moist.
Rhodic Paleudalfs

IEIS. Other Paleudalfs that have an Ap horizon with a
color value, moist, of 3 or less and a color value, dry, of
b or less (crushed and smoothed sample), or materials

between the soil surface and a depth of 18 em which

have these color values after mixing.
Mollic Paleudalfs

IEIT. Other Paleudalfs.
Typic Paleudalfs

Rhodudalfs

IEJA. All Rhodudalfs (provisionally).
Typic Rhodudalfs

Ustalfs

Key to great groups

ICA. Ustalfs which have a duripan that has its upper
boundary within 100 em of the mineral soil surface.
Durustalfs, p. 124

ICB. Other Ustalfs that have one or more horizons
within 150 cm of the mineral soil surface in which
plinthite either forms a continuous phase or consti-
tutes one half or more of the volume.

Plinthustalfs, p. 145

ICC. Other Ustalfs that have a natric horizon.
Natrustalfs, p. 135

ICD. Other Ustalfs which:

1. Have a CEC of 16 cmol(+)/kg clay or less (by 1N
NH,OAc pH 7) and an ECEC of 12 emol(+)/kg clay
or less (sum of bases extracted with 1N NH,OAc
pH 7, plus 1N-KCl-extractable Al) in 50 percent or
more either of the argillic or kandic horizon if less
than 100 cm thick, or of its upper 100 cm; and

2. Do not have a densic, lithic, paralithic, or
petroferric contact within 150 cm of the mineral
soil surface; and
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3. Within 150 em of the mineral soil surface, either

a. Do not have a clay decrease with increasing
depth of 20 percent or more (relative) from the
maximum clay content; or

b. Have 5 percent or more (by volume) skeletans
on faces of peds in the layer that has a 20
percent lower clay content and, below that
layer, a clay increase of 3 percent or more
(absolute) in the fine-earth fraction.

Kandiustalfs, p. 131

ICE. Other Ustalfs that have a CEC of 16 cmol(+)/kg
clay or less (by 1IN NH,OAc pH 7) and an ECEC of 12
cemol(+)/kg clay or less (sum of bases extracted with 1N
NH,OAc pH 7, plus 1N-KCl-extractable Al) in 50
percent or more either of the argillic or kandic horizon
if less than 100 cm thick, or of its upper 100 em.
Kanhaplustalfs, p.134

ICF. Other Ustalfs which have one or more of the
following:

1. A petrocalcic horizon that has its upper boundary
within 150 cm of the mineral soil surface; or

2. No densic, lithie, or paralithic contact within 150
cm of the mineral soil surface, and an argillic
horizon which has both:

a. Within 150 em of the mineral soil surface,
either

(1) No clay decrease with inereasing depth of
20 percent or more (relative) from the
maximum clay content; or

(2) Five percent or more (by volume)
skeletans on faces of peds in the layer that
has a 20 percent lower clay content and,
below that layer, a clay increase of 3
percent or more (absolute) in the fine-
earth fraction; and

b. One or more of the following:

(1) In the matrix of its lowest subhorizon, a
hue of 7.5YR or redder and a chroma of 5
or more; or

(2) In 50 percent or more of its matrix, a hue
of 7.5YR or redder, a color value, moist, of
3 or less, and a color value, dry, of 4 or
less; or
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(3) In the matrix of its lowest subhorizon,
common or many coarse redox concentra-
tions with a hue of 7.5YR or redder or a
chroma of 6 or more, or both; or

3. No densic, lithie, or paralithic contact within 50 cm
of the mineral soil surface, and an argillic horizon
which has both:

a. A clayey or clayey-skeletal particle size class
throughout one or more subhorizons in its
upper part; and

b. At its upper boundary, a clay increase of either
20 percent or more (absolute) within a vertical
distance of 7.5 cm, or of 15 percent or more
(absolute) within a vertical distance of 2.5 cm,
in the fine-earth fraction.

Paleustalfs, p. 140

ICG. Other Ustalfs that have in all horizons in the

upper 100 cm of the argillie horizon or throughout the

entire argillic horizon, if less than 100 cm thick, more

than 50 percent colors that have all of the following:

1. Ahue of 2.5YR or redder; and

2. A value moist of 3 or less; and

3. Awvalue dry no more than 1 unit higher than the
value moist.

Rhodustalfs, p. 146

ICH, Other Ustalfs.
Haplustalfs, p. 124

Durustalfs

ICAA. All Durustalfs (provisionally).
Typic Durustalfs

Haplustalfs
Kev to subgroups

ICHA. Haplustalfs that have a lithic contact within 50
cm of the mineral soil surface.
Lithic Haplustalfs

ICHB. Other Haplustalfs which have both:
1. One or both of the following:
a. Cracks within 125 c¢m of the mineral soil

surface that are 5 mm or more wide through a
thickness of 30 em or more for some time in
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most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6,0 ¢cm or more
between the mineral soil surface and either a
depth of 100 ¢cm or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. In one or more horizons within 75 ¢m of the soil
mineral surface, redox depletions with a chroma of
2 or less, and also aquic conditions for some time in
most years (or artificial drainage).
Aquertic Haplustalfs

ICHC, Other Haplustalfs that have both:
1. One or both of the following:

a. Cracks within 125 ¢m of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 em or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 ¢m or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower; and

2. Saturation with water, in one or more layers
within 100 cm of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years.

Oxyaquic Vertic Haplustalfs

ICHD. Other Haplustalfs that have both of the
following:

1. When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 ¢cm below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
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tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 ¢cm
below the soil surface is higher than 5°C; or

A hyperthermic, an ispmesic, or a warmer iso
goil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
soil surface is higher than 8°C; and

2. One or both of the following:

a.

b.

Cracks within 125 cm of the soil surface that
are 5 mm or more wide through a thickness

of 30 cm or more for some time in most years,
slickensides, or wedge-shaped aggregates, in a
layer 15 em or more thick that has its upper
boundary within 125 cm of the soil surface; or

A linear extensibility of 6,0 ¢cm or more
between the soil surface and either a depth of
100 c¢m or a densic, lithic, or paralithic contact,
whichever is shallower,

Torrertic Haplustalfs

ICHE. Other Haplustalfs which have both:

1.

When neither irrigated nor fallowed to store
moisture, either:

a.

A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for
four tenths or less of the cumulative days per
year when the temperature at a depth of 50 cm
below the soil surface is higher than 5°; or

A hyperthermic, an isomesic, or a warmer iso
s0il temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in some or all parts for less than
120 cumulative days per year when the
temperature at a depth of 50 cm below the soil
surface is higher than 8°C; and

One or both of the following:

a.

Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 ¢m of the
mineral soil surface; or
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b. A linear extensibility of 6.0 ¢m or more
between the mineral soil surface and either a
depth of 100 ¢cm or a densic, lithic, or paralithic
contact, whichever is shallower,

Udertic Haplustalfs

ICHF. Other Haplustalfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 ¢cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 cm of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densie, lithic, or paralithic contact, whichever
is shallower.

Vertic Haplustalfs

ICHG. Other Haplustalfs that have both:

1. In one or more horizons within 75 ¢cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 em.

Aquic Arenic Haplustalfs

ICHH. Other Haplustalfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. An argillic horizon that has a base saturation (by
sum of cations) of less than 75 percent throughout.
Aquultic Haplustalfs

ICHI. Other Haplustalfs that have, in one or more
horizons within 75 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Haplustalfs
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ICHJ. Other Haplustalfs that are saturated with
water, in one or more layers within 100 ¢m of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years,

Oxyaquic Haplustalfs

ICHEK. Other Haplustalfs which have an argillic
horizon that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
em, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 cm thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 ¢cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 em
thick, each with an overlying eluvial horizon.

Lamellic Haplustalfs

ICHL. Other Haplustalfs that have a sandy particle-
size class throughout the upper 756 ¢m of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 c¢m thick.

Psarmmentic Haplustalfs

ICHM. Other Haplustalfs which have both:

1, A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 em or more; and

2. When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 em below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
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tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 ¢cm
below the so0il surface is higher than 5°C; or

¢. A hyperthermic, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
leas than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
goil surface is higher than 8°C; and

Arenic Aridic Haplustalfs

ICHN. Other Haplustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend- A
ing from the mineral soil surface to the top of an L
argillic horizon at a depth of 50 cm or more.

Arenic Haplustalfs

ICHO. Other Haplustalfs which have both:

1. A calcic horizon with its upper boundary within
100 em of the mineral soil surface; and

2. When neither irrigated nor fallowed to store
moisture have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the goil temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

¢. A hyperthermic, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
goil surface is higher than 8°C.’

Calcidic Haplustalfs

ICHP. Other Haplustalfs which, when neither
irrigated nor fallowed to store moisture, have one of
the following:
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. A frigid temperature regime, and a moisture

control section which, in 6 or more out of 10 years,
is dry in all parts for four-tenths or more of the
cumulative days per year when the soil tempera-
ture at a depth of 50 cm below the soil surface is
higher than 5°C; or

A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for six tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

A hyperthermic, an isomesic, or a warmer iso 80il
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, remains moist
in some or all parts for less than 90 consecutive
days per year when the temperature at a depth of
650 cm below the soil surface is higher than 8°C.
Aridic Haplustalfs

ICHQ. Other Haplustalfs that have a CEC of less than
24 cmol(+)/kg clay (by 1N NH, OAc pH 7) in 50 percent
or more either of the argillic horizon if less than 100
cm thick, or of its upper 100 cm.

Kanhaplic Haplustalfs

ICHR. Other Haplustalfs that have an argillic horizon
35 cm or less thick.

Ochreptic Haplustalfs

ICHS. Other Haplustalfs which have both:

1.

A calcic horizon with its upper boundary within
100 em of the mineral soil surface; and

When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in some or all parts for less than
105 cumulative days per year when the
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for
four tenths or less of the cumulative days per
year when the temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

¢. A hyperthermic, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
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years, is dry in some or all parts for less than
120 cumulative days per year when the
temperature at a depth of 50 cm below the soil
surface is higher than 8°C,

Calcic Udic Haplustalfs

ICHT. Other Haplustalfs that have an argillic horizon
with a base saturation (by sum of cations) of less than
75 percent throughout,

Ultic Haplustalfs

ICHU., Other Haplustalfs that have a caleic horizon
with its upper boundary within 100 cm of the mineral
soil surface,

Calcic Haplustalfs

ICHV. Other Haplustalfs which, when neither
irrigated nor fallowed to store moisture, have one of
the following:

1. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10 years,
is dry in some or all parts for less than 105
cumulative days per year when the temperature at
a depth of 50 ¢cm below the soil surface is higher
than 5°C; or

2. A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for four tenths or less
of the cumulative days per year when the tempera-
ture at a depth of 50 cm below the soil surface is
higher than 5°C; or

3. A hyperthermic, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, is dry in some
or all parts for less than 120 cumulative days per
year when the temperature at a depth of 50 ¢m
below the soil surface is higher than 8°C.

Udic Haplustalfs

ICHW. Other Haplustalfs.
Typic Haplustalfs

Kandiustalfs

Key to subgroups

ICDA. Kandiustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 ¢cm or more.
Grossarenic Kandiustalfs
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ICDB. Other Kandiustalfs that have both:

1. In one or more horizons within 75 em of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm.

Agquic Arenic Kandiustalfs

ICDC. Other Kandiustalfs that have 5 percent or more
(by volume) plinthite in one or more horizons within
150 ¢m of the mineral soil surface.

Plinthic Kandiustalfs

ICDD. Other Kandiustalfs that have, in one or more
horizons within 75 cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Kandiustalfs

ICDE. Other Kandiustalfs which have both:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 em; and

2. When neither irrigated nor fallowed to store
moisture, either:

a. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

b. A hyperthermie, an isomesic, or a warmer iso
soil temperature regime, and a moisture
contro] section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
goil surface is higher than 8°C,

Arenic Aridic Kandiustalfs

ICDF. Other Kandiustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Kandiustalfs
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ICDG. Other Kandiustalfs which, when neither
irrigated nor fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for six tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 ¢cm below the soil
surface is higher than 5°C; or

2, A hyperthermic, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, remains moist
in some or all parts for less than 90 consecutive
days per year when the temperature at a depth of
50 cm below the soil surface is higher than 8°C.

Aridic Kandiustalfs

ICDH. Other Kandiustalfs which, when neither
irrigated nor fallowed to store moisture, have either:

1. A mesic or thermic so0il temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for 135 cumulative
days or less per year when the temperature at a
depth of 50 ¢cm below the s0il surface is higher than
5°C; or

2. A hyperthermic, an isomesie, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, is dry in some
or all parts for less than 120 cumulative days per
year when the temperature at a depth of 50 cm
below the soil surface is higher than 8°C.

Udic Kandiustalfs

ICDI. Other Kandiustalfs that have in ¢/l horizons in
the upper 100 cm of the argillic or kandic horizon or
throughout the entire argillic or kandic horizon, if less
than 100 em thick, more than 50 percent colors that
have all of the following:

1. Ahue of 2.5YR or redder; and

2. A value moist of 3 or less; and

3. Avalue dry no more than 1 unit higher than the
value moist.

Rhodic Kandiustalfs

ICDJ. Other Kandiustalfs.
Typic Kandiustalfs
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Kanhaplustalfs

Kev to subgroups

ICEA. Kanhaplustalfs that have a lithic contact within
50 ¢cm of the mineral soil surface.
Lithic Kanhaplustalfs

ICEB. Other Kanhaplustalfs that have, in one or more
horizons within 75 cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Kanhaplustalfs

ICEC. Other Kanhaplustalfs which, when neither
irrigated nor fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for six tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

2. A hyperthermic, an isomesic, or a warmer iso goil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, remains moist
in some or all parts for less than 90 consecutive
days per year when the temperature at a depth of
50 em below the so0il surface is higher than 8°C.

Aridie Kanhaplustalfs

ICED. Other Kanhaplustalfs which, when neither
irrigated nor fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for 135 cumulative
days or less per year when the temperature at a
depth of 50 cm below the soil surface is higher than
5°C; or

2. A hyperthermic, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, is dry in some
or all parts for less than 120 cumulative days per
year when the temperature at a depth of 50 em
below the soil surface is higher than 8°C.

Udie Kanhaplustalfs

ICEE. Other Kanhaplustalfs that have in all
horizons in the upper 100 ¢m of the argillic or kandic
horizon or throughout the entire argillic or kandic
horizon, if less than 100 ecm thick, more than 50
percent colors that have all of the following:
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1. Ahue of 2.5YR or redder; and
2. A value moist of 3 or less; and

3. A value dry no more than 1 unit higher than the
value moist.

Rhodic Kanhaplustalfs
ICEF, Other Kanhaplustalfs.
Typic Kanhaplustalfs
Natrustalfs
Key to subgroupg

ICCA. Natrustalfs which have a salic horizon that has
its upper boundary within 75 ¢m of the mineral soil
surface.

Salidic Natrustalfs
ICCB. Other Natrustalfs that have all of the following:

1. Visible crystals of gypsum or other salts more
soluble than gypsum or both within 40 cm of the
soil surface; and

2. When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

¢. A hyperthermie, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 em below the
soil surface is higher than 8°C; and

3. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 em or more for some time in
most years, and slickensides or wedge-shaped
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aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 ¢em or more between

the mineral soil surface and either a depth of
100 cm or a densic, lithic, or paralithic contact,
whichever is shallower.

Leptic Torrertic Natrustalfs

ICCC. Other Natrustalfs that have both of the
following:

1.

When neither irrigated nor fallowed to store
moisture, have one of the following:

a,

A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 ¢m below the soil
surface is higher than 5°C; or

A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 em
below the soil surface is higher than 5°C; or

A hyperthermie, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 ¢m below the
soil surface is higher than 8°C; and

One or both of the following;

a.

Cracks within 125 ¢cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢m or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic¢, or paralithic
contact, whichever is shallower.

Torrertic Natrustalfs
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ICCD. Other Natrustalfs which have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or leas, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. One or both of the following:

a. Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 ¢m of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densie, lithic, or paralithic
contact, whichever is shallower.

Aquertic Natrustalfs

ICCE. Other Natrustalfs that have both of the
following:

1. Visible crystals of gypsum or other salts more
soluble than gypsum or both within 40 cm of the
mineral soil surface; and

2. When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 em below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 ¢m
below the soil surface is higher than 5°C; or

¢. A hyperthermic, an isomesie, or a warmer iso
s0ll temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
soil surface is higher than 8°C.

Aridic Leptic Natrustalfs
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ICCF. Other Natrustalfs that have one or both of the
following:

1. Cracks within 125 ¢m of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 ¢cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 em or more thick that has its upper boundary
within 125 ¢cm of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithie contact, whichever
is shallower.

Vertic Natrustalfs

ICCG. Other Natrustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 cm or more.
Grossarenic Natrustalfs

ICCH. Other Natrustalfs that have both:

1, In one or more horizons within 75 ¢cm of the
mineral so0il surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm.

Aquic Arenic Natrustalfs

ICCI. Other Natrustalfs that have, in one or more
horizons within 75 em of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Natrustalfs

ICCd. Other Natrustalfs that have a sandy or sandy-
skeletal particle-gize class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Natrustalfs

ICCK. Other Natrustalfs which have a petrocalcic
horizon that has its upper boundary within 150 cm of
the mineral soil surface.

Petrocalcic Natrustalfs
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ICCL. Other Natrustalfs that have visible crystals of
gypsum or other salts more soluble than gypsum or
both within 40 c¢m of the mineral soil surface.

Leptic Natrustalfs

ICCM. Other Natrustalfs that have both of the
following;

1. An exchangeable sodium percentage of less than 15
(or a sodium adsorption ratio of less than 13) in 50
percent or more of the natric horizon; and

2. When neither irrigated nor fallowed to store
moisture, have one of the following:

a. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

b. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

¢. A hyperthermic, an isomesic, or a warmer is0
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 cm below the
soil surface is higher than 8°C.

Haplargidic Natrustalfs

ICCN. Other Natrustalfs that when neither irrigated
nor fallowed to store moisture, have one of the
following:

1. A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10 years,
is dry in all parts for four-tenths or more of the
cumulative days per year when the soil tempera-
ture at a depth of 50 cm below the soil surface is
higher than 5°C; or

2. mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for six tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 em below the soil
surface is higher than 5°C; or
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3. A hyperthermic, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, remains moist
in some or all parts for less than 90 consecutive
days per year when the temperature at a depth of
50 ¢cm below the soil surface is higher than 8°C.

Aridic Natrustalfs

ICCO. Other Natrustalfs that have an Ap horizon with
a color value, moist, of 3 or less and a color value, dry,
of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
cm which have these color values after mixing.

Mollic Natrustalfs

ICCP. Other Natrustalfs.
Typic Natrustalfs

Paleustalfs

Key to subgroups
ICFA. Paleustalfs which have both:

1. One or both of the following:

a. Cracks within 125 em of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 cm or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 ¢cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithie, or paralithic
contact, whichever is shallower; and

2. In one or more horizons within 75 em of the soil
mineral surface, redox depletions with a chroma of
2 or less, and also aquic conditions for some time in
most years (or artificial drainage).
Aquertic Paleustalfs

ICFB, Other Paleustalfs that have both:
1. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 em or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 cm or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or
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b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densie, lithic, or paralithic
contact, whichever is shallower; and

2. Saturation with water, in one or more layers
within 100Fcm of the mineral soil surface, for 1
month or more per year in 6 or more out of 10
years.

Oxyaquic Vertic Paleustalfs

ICFC. Other Paleustalfs which have both:

1. When neither irrigated nor fallowed to store
moisture, either:

a. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for
four tenths or less of the cumulative days per
year when the temperature at a depth of 50 cm
below the soil surface is higher than 5°C; or

b. A hyperthermic, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in some or all parts for less than
120 cumulative days per year when the
temperature at a depth of 50 cm below the soil
surface is higher than 8°C; and

2. One or both of the following:

a. Cracks within 125 cm of the mineral soil
surface that are 5 mm or more wide through a
thickness of 30 ¢em or more for some time in
most years, and slickensides or wedge-shaped
aggregates in a layer 15 em or more thick that
has its upper boundary within 125 cm of the
mineral soil surface; or

b. A linear extensibility of 6.0 cm or more
between the mineral soil surface and either a
depth of 100 cm or a densic, lithic, or paralithic
contact, whichever is shallower.

Udertic Paleustalfs

ICFD. Other Paleustalfs which have one or both of the
following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 ¢m or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 em of the mineral soil surface; or
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2. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever
is shallower.

Vertic Paleustalfs

ICFE. Other Paleustalfs that have both:

1. In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm.

Aquic Arenic Paleustalfs

ICFF. Other Paleustalfs that have, in one or more
horizons within 75 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Paleustalfs

ICFG. Other Paleustalfs that are saturated with
water, in one or more layers within 100 cm of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Paleustalfs

ICFH. Other Paleustalfs which have an argillic
horizon that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
c¢m, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 cm thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Paleustalfs
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ICFI. Other Paleustalfs that have a sandy particle-size
class throughout the upper 75 cm of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 em thick.

Psammentic Paleustalfs

ICFdJ. Other Paleustalfs which have both:

1. A sandy or sandy-gkeletal particle-size class
throughout a layer extending from the mineral soil
surface to the top of an argillic horizon at a depth
of 50 to 100 cm; and

2. When neither irrigated nor fallowed to store

moisture, have one of the following:

a.

A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10
years, is dry in all parts for four-tenths or more
cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 em
below the soil surface is higher than 5°C; or

A hyperthermic, an isomesic, or a warmer iso
goil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 ¢cm below the
goil surface is higher than 8°C.

Arenic Aridic Paleustalfs

ICFK. Other Paleustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 100 em or more.

Grossarenic Paleustalfs

ICFL. Other Paleustalfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 to 100 cm.

Arenic Paleustalfs

ICFM. Other Paleustalfs that have 5 percent or more
(by volume) plinthite in one or more horizons within
150 cm of the mineral soil surface.

Plinthic Paleustalfs
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ICFN, Other Paleustalfs which have a petrocalcic
horizon that has its upper boundary within 150 em of
the mineral soil surface.

Petrocalcic Paleustalfs

ICFO. Other Paleustalfs which have both:

1.

When neither irrigated nor fallowed to store
moisture, either:

a. A mesic or thermic soil temperature regime,
and a moisture control section which, in 6 or
more out of 10 years, is dry in some part for six
tenths or more of the cumulative days per year
when the soil temperature at a depth of 50 cm
below the s0il surface is higher than 5°C; or

b. A hyperthermic, an isomesic, or a warmer iso
soil temperature regime, and a moisture
control section which, in 6 or more out of 10
years, remains moist in some or all parts for
less than 90 consecutive days per year when
the temperature at a depth of 50 ¢cm below the
soil surface is higher than 8°C; and

A calcic horizon, either within 100 cm of the
mineral soil surface if the weighted average
particle-size class of the upper 50 cm of the argillic
horizon is sandy, or within 60 cm if it is loamy, or
within 50 em if it is clayey, and carbonates in all
horizons above the calcic horizon.

Calcidic Paleustalfs

ICFP. Other Paleustalfs which, when neither irrigated
nor fallowed to store moisture, have;

1.

2.

3.

A frigid temperature regime, and a moisture
control section which, in 6 or more out of 10 years,
is dry in all parts for four-tenths or more cumula-
tive days per year when the goil temperature at a
depth of 50 ¢cm below the soil surface is higher than
5°C; or

A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for six tenths or more
of the cumulative days per year when the soil
temperature at a depth of 50 cm below the soil
surface is higher than 5°C; or

A hyperthermic, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, remains moist
in some or all parts for less than 90 consecutive
days per year when the temperature at a depth of
50 cm below the soil surface is higher than 8°C.
Aridic Paleustalfs
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ICFQ. Other Paleustalfs that have a CEC of less than
24 cmol(+) per kg clay (by 1N NH,OAc pH 7) in 50
percent or more either of the argillic horizon if less
than 100 em thick, or of its upper 100 cm.

Kandic Paleustalfs

ICFR. Other Paleustalfs that have in all horizons in
the upper 100 cm of the argillic horizon or throughout
the entire argillic horizon, if less than 100 em thick,
more than 50 percent colors that have all of the
following:

1. Ahue of 2,5YR or redder; and
2. A value moist of 3 or less; and

3. Avalue dry no more than 1 unit higher than the
value moist.
Rhodic Paleustalfs

ICFS. Other Paleustalfs that have an argillic horizon
with a base saturation (by sum of cations) of less than
75 percent throughout.

Ultic Paleustalfs

ICFT. Other Paleustalfs which, when neither irrigated
nor fallowed to store moisture, have either:

1. A mesic or thermic s0il temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for four tenths or less
of the cumulative days per year when the tempera-
ture at a depth of 50 cm below the soil surface is
higher than 5°C; or

2. A hyperthermic, an isomesic, or a warmer igo soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, is dry in some
or all parts for less than 120 cumulative days per
year when the temperature at a depth of 50 em
below the soil surface is higher than 8°C.

Udic Paleustalfs

ICFU., Other Paleustalfs,
Typic Paleustalfs

Plinthustaifs

ICBA. All Plinthustalfs (provisionally).
Typic Plinthustalfs
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Rhodustalfs

Key to subgroups

ICGA. Rhodustalfs that have a lithic contact within 50
cm of the mineral soil surface.
Lithic Rhodustalfs

ICGB. Other Rhodustalfs that have a CEC of less than
24 cmol(+) per kg clay (by 1N NH,OAc pH 7) in 50
percent or more either of the argillic horizon if less
than 100 em thick, or of its upper 100 em.

Kanhaplic Rhodustalfs

ICGC. Other Rhodustalfs which, when neither
irrigated nor fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime, and a
moisture control section which, in 6 or more out of
10 years, is dry in some part for four tenths or less
of the cumulative days per year when the tempera-
ture at a depth of 50 cm below the soil surface is
higher than 5°C; or

2. A hyperthermie, an isomesic, or a warmer iso soil
temperature regime, and a moisture control section
which, in 6 or more out of 10 years, is dry in some
or all parts for less than 120 cumulative days per
year when the temperature at a depth of 50 cm
below the soil surface is higher than 8°C.

Udic Rhodustalfs
ICGD. Other Rhodustalfs.
Typic Rhodustalfs
Xeralfs
Ke eat groups

IDA. Xeralfs which have a duripan that has its upper
boundary within 100 cm of the mineral soil surface.
Durixeralfs, p. 148

IDB. Other Xeralfs that have a natric horizon.
Natrixeralfs, p. 154

IDC. Other Xeralfs that have a fragipan with its upper
boundary within 100 em of the mineral soil surface.
Fragixeralfs, p. 149

IDD. Other Xeralfs that have one or more horizons
within 150 c¢m of the mineral soil surface in which
plinthite either forms a continuous phase or consti-
tutes one half or more of the volume,

Plinthoxeralfs, p. 158



147

IDE. Other Xeralfs that have in all horizons in the
upper 100 cm of the argillic horizon or throughout the
entire argillic horizon, if less than 100 cm thick, more
than 50 percent colors that have all of the following:

1. Ahue of 2.5YR or redder; and

2, A value moist of 3 or less; and

3. A value dry no more than 1 unit higher than the
value moist.

Rhodoxeralfs, p. 159

IDF. Other Xeralfs which have one or more of the
following:

1, A petrocalcic horizon that has its upper boundary
within 150 e¢m of the mineral soil surface; or

2. No densic, lithic, or paralithic contact within 150
cm of the mineral soil surface, and an argillic
horizon which has both:

a. Within 150 cm of the mineral soil surface,
either

(1) No clay decrease, with increasing depth, of
20 percent or more (relative) from the
maximum clay content; or

(2) Five percent or more (by volume)
skeletans on faces of peds in the layer that
has a 20 percent lower clay content and,
below that layer, a clay increase of 3
percent or more (absolute) in the fine-
earth fraction; and

b. A base at a depth of 150 cm or more; or

3. No densig, lithic, or paralithic contact within 50 ¢m
of the mineral soil surface and an argillic horizon
which has within 15 cm of its upper boundary: both

a. Aclayey or clayey-skeletal particle-size class;
and

b. A clay increase, in the fine-earth fraction, of
either 20 percent or more (absolute) within a
vertical distance of 7.5 ¢cm, or of 15 percent or
more (absolute) within a vertical distance of
2.5 ¢m,

Palexeralfs, p. 155

IDG. Other Xeralfs.
Haploxeralfs, p. 150
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Durixeralfs

Key to subgroups

IDAA. Durixeralfs that have a natric horizon.
Natric Durixeralfs

IDAB. Other Durixeralfs which have, above the
duripan, one or both of the following:

1. Cracks that are 5 mm or more wide through a
thickness of 30 cm or more for some time in most
years, and slickensides or wedge-shaped aggre-
gates in a layer 15 cm or more thick; or

2. A linear extensibility of 6.0 cm or more.
Vertic Durixeralfs

IDAC. Other Durixeralfs that have, in one or more
subhorizons within the argillic horizon, redox deple-
tions with a chroma of 2 or less, and also aquic
conditions for some time in most years (or artificial
drainage).

Aquic Durixeralfs

IDAD. Other Durixeralfs which have both:
1. An argillic horizon that has both:

a. A clayey particle size throughout some
subhorizon 7.5 ¢cm or more thick; and

b. At its upper boundary or within some part, a
clay increase either of 20 percent or more
(absolute) within a vertical distance of 7.5 cm,
or of 15 percent or more (absolute) within a
vertical distance of 2.5 cm, in the fine-earth
fraction; and

2. A duripan that is not indurated in any subhorizon.
Abruptic Haplic Durixeralfs

IDAE. Other Durixeralfs which have an argillic
horizon that has both:

1. A clayey particle size throughout some subhorizon
7.5 cm or more thick; and

2. At its upper boundary or within some part, a clay
increase either of 20 percent or more (absolute)
within a vertical distance of 7.5 cm, or of 15
percent or more (absolute) within a vertical
distance of 2.5 cm, in the fine-earth fraction.

Abruptic Durixeralfs
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IDAF. Other Durixeralfs which have a duripan that is
not indurated in any subhorizon.
Haplic Durixeralfs

IDAG. Other Durixeralfs,
Typic Durixeralfs

Fragixeralfs

Kev to subgroups

IDCA. Fragixeralfs that have, throughout one or more
horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/cm? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0,

Andic Fragixeralfs

IDCB. Other Fragixeralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the mineral soil surface, one or
both of the following;

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 6 percent or more
volcanie glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60] plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Fragixeralfs

IDCC. Other Fragixeralfs that have an Ap horizon
with a color value, moist, of 3 or less and a color value,
dry, of 5 or less (crushed and smoothed sample), or
materials between the soil surface and a depth of 18
¢m which have these color values after mixing,

Mollic Fragixeralfs

IDCD. Other Fragixeralfs that have, in one or more
horizons within 40 cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Fragixeralfs
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IDCE. Other Fragixeralfs that do not, above the

fragipan, have an argillic horizon with clay films on

both vertical and horizontal faces of any peds.
Ochreptic Fragixeralfs

IDCF. Other Fragixeralfs,
Typic Fragixeralfs

Haploxeralfs

Key to subgroups

IDGA. Haploxeralfs that have both:

1. A lithic contact within 50 ¢cm of the mineral soil
surface; and

2. A color value, moist, of 3 or less and 0.7 percent or
more organic carbon, either throughout an Ap
horizon or throughout the upper 10 cm of an A
horizon.

Lithic Mollic Haploxeralfs

IDGB. Other Haploxeralfs which have both:

1. A lithic contact within 50 em of the mineral soil
surface; and

2. An argillic horizon that is discontinuous horizon-
tally in each pedon.
Lithic Ruptic-Xerochreptic Haploxeralfs

IDGC. Other Haploxeralfs that have a lithic contact
within 50 cm of the mineral soil surface.
Lithic Haploxeralfs

IDGD. Other Haploxeralfs which have one or both of
the following:

1. Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 ¢m or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 em of the mineral soil surface; or

2. A linear extensibility of 6.0 cm or more between the
mineral g0il surface and either a depth of 100 ¢cm
or a densie, lithic, or paralithic contact, whichever
is shallower.

Vertic Haploxeralfs

IDGE. Other Haploxeralfs which have both:

1. In one or more horizons within 75 ¢m of the
mineral soil surface, redox depletions with a
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chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

2. Throughout one or more horizons with a total
thickness of 18 ¢cm or more within 75 cm of the
mineral soil surface, one or more of the following:

a. A fine-earth fraction with both a bulk density
of 1.0 g/cm3 or less, measured at 33 kPa water
retention, and aluminum plus 1/2 iron percent-
ages (by ammonium oxalate) totaling more
than 1.0; or

b. More than 36 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

¢. A fine earth fraction containing 30 percent or
more particles 0.02 to 2.0 mm in diameter, and

(1) In the 0.02 to 2.0 fraction, 5 percent or
more volcanic glass, and

(2) [(Aluminum plus 1/2 iron, percent
extracted by ammonium oxalate) times 60]
plus the volcanic glass (percent) is equal to
30 or more.

Aquandic Haploxeralfs

IDGF. Other Haploxeralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the mineral soil surface, a fine-
earth fraction with both a bulk density of 1.0 g/em?® or
less, measured at 33 kPa water retention, and
aluminum plus 1/2 iron percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Haploxeralfs

IDGG. Other Haploxeralfs that have, throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the mineral soil surface, one or
both of the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and
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a.

In the 0.02 to 2.0 fraction, 5 percent or more
volcanic glass, and

[(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60} plus the volcanic
glass (percent) is equal to 30 or more.

Vitrandic Haploxeralfs

IDGH. Other Haploxerolls that have both:

1. Fragic soil properties;

a.

In 30 percent or more of the volume of a layer
15 cm or more thick that has its upper
boundary within 100 cm of the mineral soil
surface; or

In 60 percent or more of the volume of a layer
15 ¢m or more thick; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a.

Within the upper 25 cm of the argillic horizon
if its upper boundary is within 50 cm of the
mineral soil surface; or

Within 75 ¢em of the mineral soil surface if the

upper boundary of the argillic horizon is 50 cm

or more below the mineral soil surface.
Fragiaquic Haploxeralfs

IDGI. Other Haploxeralfs which have both:

1,

In one or more horizons within 75 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);

and

2. An argillic horizon that has a base saturation (by
sum of cations) of less than 75 percent in one or
more subhorizons within its upper 75 ¢cm or above
a densic, lithic, or paralithiec contact, whichever is
shallower.

Aquultic Haploxeralfs

IDGJ. Other Haploxeralfs that have, in one or more
horizons within 75 ¢m of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Haploxeralfs
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IDGK, Other Haploxeralfs that have an exchangeable
sodium percentage of 15 or more (or a sodium adsorp-
tion ratio of 13 or more) in one or more subhorizons of
the argillic horizon.

Natric Haploxeralfs

IDGL, Other Haploxeralfs that have fragic soil
properties;

1. In 30 percent or more of the volume of a layer 15
cm or more thick that has its upper boundary
within 100 ¢cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
cm or more thick
Fragic Haploxeralfs

IDGM. Other Haploxeralfs which have an argillic
horizon that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 ¢cm thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 to 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Haploxeralfs

IDGN. Other Haploxeralfs that have a sandy particle-
size class throughout the upper 756 em of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick.

Psammentic Haploxeralfs

IDGO. Other Haploxeralfs that have 5 percent or more
(by volume) plinthite in one or more horizons within
150 ¢cm of the mineral soil surface.

Plinthic Haploxeralfs

IDGP. Other Haploxeralfs which have a calcic horizon
that has its upper boundary within 100 ¢m of the
mineral so0il surface.

Calcic Haploxeralfs
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IDGQ. Other Haploxeralfs that have an argillic
horizon with a thickness of 35 cm or less.
Ochreptic Haploxeralfs

IDGR. Other Haploxeralfs which have an argillic
horizon that has a base saturation (by sum of cations)
of less than 75 percent in one or more subhorizons
within its upper 75 cm or above a densic, lithic, or
paralithic contact, whichever is shallower.

Ultic Haploxeralfs

IDGS. Other Haploxeralfs that have a color value,
moist, of 3 or less and 0.7 percent or more organic
carbon, either throughout an Ap horizon or throughout
the upper 10 cm of an A horizon.

Mollic Haploxeralfs
IDGT. Other Haploxeralfs.

Typic Haploxeralfs
Natrixeralfs
Key to subgroups

IDBA. Natrixeralfs which have one or both of the
following:

1. Cracks within 125 ¢m of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 em or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 cm or more thick that has its upper boundary
within 125 ¢m of the mineral soil surface; or

2. A linear extenaibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm
or a densie, lithic, or paralithic contact, whichever
is shallower.

Vertic Natrixeralfs

IDBB. Other Natrixeralfs that have, in one or more
horizons within 75 cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Natrixeralfs

IDBC. Other Natrixeralfs.
Typic Natrixeralfs
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Palexeralfs

Key to subgroups

IDFA. Palexeralfs which have one or bath of the
following:

1,

Cracks within 125 cm of the mineral soil surface
that are 5 mm or more wide through a thickness of
30 ¢cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a layer
15 c¢m or more thick that has its upper boundary
within 125 ¢m of the mineral soil surface; or

A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 em
or & densic, lithic, or paralithic contact, whichever
is shallower.

Vertic Palexeralfs

IDFB. Other Palexeralfs which have both:

1.

In one or more horizons within 76 cm of the
mineral soil surface, redox depletions with a
chroma of 2 or less, and also aquic conditions for
some time in most years (or artificial drainage);
and

Throughout one or more horizons with a total
thickness of 18 cm or more within 75 cm of the
mineral soil surface, one or more of the following:

a. A fine-earth fraction with both a bulk density
of 1.0 g/cm3 or less, measured at 33 kPa water
retention, and aluminum plus 1/2 iron percent-
ages (by ammonium oxalate) totaling more
than 1.0; or

b. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

¢. A fine earth fraction containing 30 percent or
more particles 0.02 to 2.0 mm in diameter, and

(1) 1In the 0.02 to 2.0 fraction, 5 percent or
more voleanic glass, and

@) [(Aluminum plus 1/2 iron, percent
extracted by ammonium oxalate) times 60)
plus the volcanic glass (percent) is equal to
30 or more.

Aquandic Palexeralfs
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IDFC. Other Palexeralfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 em of the mineral soil surface, a fine-earth
fraction with both a bulk density of 1.0 g/cm? or less,
measured at 33 kPa water retention, and aluminum
plus 1/2 iron percentages (by ammonium oxalate)
totaling more than 1.0,

Andic Palexeralfs

IDFD. Other Palexeralfs that have, throughout one or
more horizons with a total thickness of 18 ¢m or more

within 75 cm of the mineral so0il surface, one or both of
the following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter, and

a. Inthe 0.02 to 2.0 fraction, 5 percent or more
voleanic glass, and

b. [(Aluminum plus 1/2 iron, percent extracted by
ammonium oxalate) times 60} plus the volcanic
glass (percent) is equal to 30 or more,

Vitrandic Palexeralfs

IDFE. Other Palexeralfs that have both:
1. Fragic soil properties:

a. In 30 percent or more of the volume of a layer
15 cm or more thick that has its upper
boundary within 100 em of the mineral soil
surface; or

b. In 60 percent or more of the volume of a layer
15 ¢m or more thick; and

2. Redox depletions with a chroma of 2 or less in
layers that also have aquic conditions in most
years (or artificial drainage) either:

a. Within the upper 26 cm of the argillic horizon
if its upper boundary is within 50 ¢m of the
mineral soil surface; or

b. Within 75 cm of the mineral soil surface if the
upper boundary of the argillic horizon is 50 cm
or more below the mineral soil surface.

Fragiaquic Palexeralfs
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IDFF. Other Palexeralfs that have, in one or more
horizons within 75 cm of the mineral soil surface,
redox depletions with a chroma of 2 or less, and also
aquic conditions for some time in most years (or
artificial drainage).

Aquic Palexeralfs

IDFG. Other Palexeralfs which have a petrocalcic
horizon that has its upper boundary within 150 cm of
the mineral soil surface.

Petrocalcic Palexeralfs

IDFH. Other Palexeralfs which have an argillic
horizon that:

1. Consists entirely of lamellae; or

2. Is a combination of two or more lamellae and one
or more subhorizons with a thickness of 7.5 to 20
cm, each layer with an overlying eluvial horizon; or

3. Consists of one or more subhorizons which are
more than 20 cm thick, each with an overlying
eluvial horizon, and above these horizons there is
either:

a. Two or more lamellae with a combined
thickness of 5 cm or more (that may or may not
be part of the argillic horizon); or

b. A combination of lamellae (that may or may
not be part of the argillic horizon), and one or
more parts of the argillic horizon 7.5 te 20 cm
thick, each with an overlying eluvial horizon.

Lamellic Palexeralfs

IDFI. Other Palexeralfs that have a sandy particle-
size class throughout the upper 75 cm of the argillic
horizon, or throughout the entire argillic horizon if it
is less than 75 cm thick.

Psammentic Palexeralfs

IDFJ. Other Palexeralfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the mineral soil surface to the top of an
argillic horizon at a depth of 50 ¢cm or more.

Arenic Palexeralfs

IDFK. Other Palexeralfs that have an exchangeable
sodium percentage of 15 or more (or a sodium adsorp-
tion ratio of 13 or more) in one or more horizons within
100 cm of the mineral soil surface.

Natric Palexeralfs
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IDFL. Other Palexeralfs that have fragic soil proper-
ties;

1. In 30 percent or more of the volume of a layer 15
c¢m or more thick that has its upper boundary
within 100 cm of the mineral soil surface; or

2. In 60 percent or more of the volume of a layer 15
c¢m or more thick,
Fragic Palexeralfs

IDFM. Other Palexeralfs that have a calcic horizon
within 150 cm of the mineral soil surface.
Calcic Palexeralfs

IDFN. Other Palexeralfs that have 5 percent or more
(by volume) plinthite in one or more horizons within
150 cm of the mineral soil surface.

Plinthic Palexeralfs

IDFO. Other Palexeralfs which have an argillic
horizon that has a base saturation (by sum of cations)
of less than 75 percent throughout,

Ultic Palexeralfs

IDFP. Other Palexeralfs with an argillic horizon that
has neither:

1, A clayey particle size throughout any subhorizon in
its upper part; nor

2. At its upper boundary, a clay increase of 20 percent
or more (absolute) within a vertical distance of 7.5
c¢m, or 15 percent or more (absolute) within a
vertical distance of 2.5 cm, in the fine-earth
fraction.

Haplic Palexeralfs

IDFQ. Other Palexeralfs that have a color value,
moist, of 3 or less and 0.7 percent or more organic
carbon, either throughout an Ap horizon or throughout
the upper 10 cm of an A horizon.

Mollic Palexeralfs

IDFR. Other Palexeralfs.
Typic Palexeralfs

Plinthoxeralifs

IDDA. All Plinthoxeralfs (provisionally).
Typic Plinthoxeralfs
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Rhodoxeralfs

Kev to subgrouns

IDEA. Rhodoxeralfs that have a lithic contact within
50 em of the mineral soil surface.
Lithic Rhodoxeralfs

IDEB. Other Rhodoxeralfs which have a petrocalcie
horizon that has its upper boundary within 150 ¢m of
the mineral soil surface.

Petrocalcic Rhodoxeralfs

IDEC. Other Rhodoxeralfs which have a calcic horizon
that has its upper boundary within 150 em of the
mineral soil surface.

Calcic Rhodoxeralfs

IDED. Other Rhodoxeralfs which have an argillic
horizon that is either less than 15 cm thick or is
discontinuous horizontally in each pedon.

Ochreptic Rhodoxeralfs

IDEE. Other Rhodoxeralfs,
Typic Rhodoxeralfs
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CHAPTER 6
ANDISOLS'

Key to Suborders
CA. Andisols that have either:
1. A histic epipedon; or

2. In a layer above a densic, lithic, or paralithic contact
or in a layer between 40 and 50 c¢m either from the
mineral soil surface or from the top of an organic
layer with andic soil properties, whichever is
shallowest, aquic conditions for some time in most
years (or artificial drainage) and one or more of the
following:

a. Two percent or more redox concentrations;
or

b. A color value, moist, of 4 or more, and 50
percent or more chroma of 2 or less either in
redox depletions on faces of peds, or in the
matrix if peds are absent; or

¢. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the
soil is not being irrigated.
Aquands, p. 162

CB. Other Andisols that have a eryic or pergelic soil
temperature regime.
Cryands, p. 168

CC, Other Andisols that have an aridic moisture
regime.
Torrands, p. 174

CD. Other Andisols that have a xeric moisture regime.
Xerands, p. 200

CE. Other Andisols that have a 1500-kPa water
retention of less than 15 percent on air-dried samples
and of less than 30 percent on undried samples,
throughout 60 percent or more of the thickness either:

1. Within 60 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower, if there is no

! This chapter builds on the preliminary Andisol Proposal (1978)
by Guy D. Smith (NZ Soil Bureau Record 96) and represents the
work of the International Committee on the Classification of
Andisols (ICOMAND), chaired by Michael L. Leamy, New
Zealand Soil Bureau.
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densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2. Between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densic, lithic, or
paralithic contact, duripan, or petrocaleic horizon,

Vitrands, p. 198

CF. Other Andisols that have an ustic moisture
regime,
Ustands, p. 194

CG. Other Andisols.
Udands, p. 175

AQUANDS

Key to great groups

CAA. Aquands that have a cryic or pergelic soil
temperature regime.
Cryaquands, p. 163

CAB. Other Aquands that have, in half or more of each
pedon, a placic horizon within 100 em either of the
mineral soil surface, or of the top of an organic layer
with andie soil properties, whichever is shallower.
Placaguands, p. 167

CAC. Other Aquands that have, in 75 percent or more
of each pedon, a cemented layer which does not slake
in water after air-drying and which has its upper
boundary within 100 ¢m either of the mineral soil
surface, or of the top of an organic layer with andic soil
properties, whichever is shallower.

Duraguands, p. 163

CAD. Other Aquands that have a 1500-kPa water
retention of less than 15 percent on air-dried samples
and of less than 30 percent on undried samples,
throughout 60 percent or more of the thickness either:

1. Within 60 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower, if there is no
densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2. Between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densic, lithic, or
paralithic contact, duripan, or petrocalcic horizon.

Vitraquands, p. 168
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CAE. Other Aquands that have a melanic epipedon.
Melanaquands, p. 166

CAF. Other Aquands that have episaturation.
Epiaquands, p. 166

CAG. Other Aquands.
Endoaquands, p. 164

Cryaquands
Key to subgroups

CAAA. Cryaquands that have g lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Cryaquands

CAAB. Other Cryaquands that have a mean annual
goil temperature of 0°C or lower.
Pergelic Cryaquands

CAAC. Other Cryaquands that have a histic epipedon.
Histic Cryaquands

CAAD. Other Cryaquands that have, between 25 and
100 ¢m either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢m or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Cryaquands

CAAE, Other Cryaquands.
Typic Cryaquands

Duraquands

Key to gubgroups

CACA, Duraquands that have a histic epipedon.
Histic Duraquands

CACB. Other Duraquands that have extractable bases
plus IN-KCl-extractable Al** totaling less than 2.0
emol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 cm or more,
between 25 and 100 cm either from the mineral soil
surface, or from the top of an organic layer with andic
goil properties, whichever is shallower.

Acraquoxic Duraquands
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CACC. Other Duraguands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 em or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Duraquands

CACD. Other Duraguands,
Typic Duragquands

Endoaquands

Kev to subgroups

CAGA. Endoaquands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Endoaguands

CAGB. Other Endoaquands that have a petroferric
contact within 100 ¢cm either of the mineral soil
surface, or of the top of an organic layer with andic soil
properties, whichever is shallower.

Petroferric Endoaguands

CAGC, Other Endoaquands which have a horizon 15
cm or more thick, with 20 percent or more (by volume)
cemented soil material that does not slake in water
after air-drying, that has its upper boundary within
100 cm either of the mineral soil surface, or of the top
of an organic layer with andic soil properties, which-
ever is shallower.

Duric Endoaquands

CAGD. Other Endoaquands that have a histic
epipedon.
Histic Endoaquands

CAGE. Other Endoagquands that have more than 2.0
cmol(+)Ykg Al** (by 1N KCl) in the fine-earth fraction of
one or more horizons with a total thickness of 10 ¢cm or
more, between 25 and 50 cm either from the mineral
soil surface, or from the top of an organic layer with
andic soil properties, whichever is shallower.

Alic Endoagquands

CAGF. Other Endoaquands that have, undried, a
1500-kPa water retention of 70 percent or more
throughout a layer 35 cm or more thick within 100 cm



165

either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Hydric Endoaquands

CAGG. Other Endoaquands that have, between 25 and
100 cm either from the mineral soil surface, or from
the top of an organic layer with andie soil properties,
whichever is shallower, a layer 10 em or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower,

Thaptic Endoagquands

CAGH. Other Endoaquands.
Typic Endoaquands

Epiaquands
Key to subgroups

CAFA. Epiaquands that have a petroferric contact
within 100 cm either of the mineral soil surface, or of
the top of an organic layer with andic soil properties,
whichever is shallower.

Petroferric Epiaquands

CAFB. Other Epiaquands that have a horizon 15 ¢cm
or more thick, with 20 percent or more (by volume)
cemented soil material that does not slake in water
after air-drying, that has its upper boundary within
100 cm either of the mineral soil surface, or of the top
of an organic layer with andic soil properties, which-
ever is shallower.

Duric Epiaquands

CAFC. Other Epiaquands that have a histic epipedon.
Histic Epiaguands

CAFD. Other Epiaquands that have more than 2.0
cmol(+)/kg Al* (by 1N KCl) in the fine-earth fraction of
one or more horizons with a total thickness of 10 cm or
more, between 25 and 50 cm either from the mineral
goil surface, or from the top of an organic layer with
andic soil properties, whichever is shallower.

Alic Epiaquands

CAFE. Other Epiaquands that have, undried, a 1500-
kPa water retention of 70 percent or more throughout
a layer 35 cm or more thick within 100 ¢m either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Hydric Epiagquands
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CAFF. Other Epiaquands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Epiaquands

CAFG. Other Epiaguands,
Typic Epiaquands

Melanaquands

Key to subgroups

CAEA. Melanaquands that have a lithic contact within
50 em either of the mineral soil surface, or of the top of
an organic layer with andie soil properties, whichever
is shallower.

Lithic Melanaquands

CAEB. Other Melanaquands that have extractable
bases plus 1N-KCl-extractable Al* totaling less than
2.0 emol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 ¢m or more,
between 25 and 100 cm either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acraquoxic Melanaquands

CAEC. Other Melanaquands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and

2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 cm or more
thick within 60 em either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower.

Hydric Pachic Melanaquands

CAED. Other Melanaquands that have, undried, a
1500-kPa water retention of 70 percent or more
throughout a layer 35 cm or more thick within 100 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Hydric Melanagquands
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CAEE. Other Melanaquands that have, between 40
and 100 cm either from the mineral soil surface, or
from the top of an organic layer with andic soil
properties, whichever is shallower, a layer 10 ¢cm or
more thick with more than 3.0 percent organic carbon
and colors of a mollic epipedon throughout, underlying
one or more horizons with a total thickness of 10 em or
more that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Thaptic Melanaquands

CAEF. Other Melanaquands.
Typic Melanaquands

Placaquands

ey to subgrou

2>

CABA. Placaquands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
1s shallower.

Lithic Placaguands

CABB. Other Placaquands which have both:
1. A histic epipedon; and

2. A horizon 15 cm or more thick, with 20 percent or
more (by volume) cemented soil material that does
not slake in water after air-drying, that has its
upper boundary within 100 em either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower.

Duric Histic Placaquands

CABC. Other Placaquands which have a horizon 15
c¢m or more thick, with 20 percent or more (by volume)
cemented soil material that does not slake in water
after air-drying, that hag its upper boundary within
100 cm either of the mineral soil surface, or of the top
of an organic layer with andic soil properties, which-
ever is shallower,

Duric Placaquands

CABD. Other Placaquands that have a histic
epipedon.
Histic Placaquands

CABE. Other Placaquands that have, between 25 and
100 cm either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 em or more thick
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with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 em or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Placaquands

CABF. Other Placaquands.
Typic Placaquands

Vitraquands

Kev to subgroups

CADA. Vitraquands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Vitraquands

CADB. Other Vitraquands which have a horizon 15 cm
or more thick, with 20 percent or more (by volume)
cemented soil material that does not slake in water
after air-drying, that has its upper boundary within
100 cm either of the mineral soil surface, or of the top
of an organic layer with andic soil properties, which-
ever is shallower.

Duric Vitraquands

CADC. Other Vitraquands that have a histic epipedon.
Histic Vitraquands

CADD. Other Vitraquands that have, between 25 and
100 ¢m either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 ¢cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Vitraquands
CADE. Other Vitraquands.
Typic Vitraquands
Cryands
Key to great groups

CBA. Cryands that have & mean annual soil tempera-
ture of 0°C or lower.
Gelicryands, p. 170
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CBB. Other Cryands that have a melanic epipedon.
Melanocryands, p. 172

CBC. Other Cryands which have a layer that meets
the depth, thickness, and organic-carbon requirements
of a melanic epipedon.

Fulvicryands, p. 169

CBD, Other Cryands that have, undried, a 1500-kPa
water retention of 100 percent or more, on the
weighted average, throughout either:

1. One or more layers with a total thickness of 35 cm
between the mineral soil surface, or of the top of an
organic layer with andie soil properties, whichever
is shallower, and 100 em from the mineral soil
surface, or the top of an organic layer with andic
soil properties, whichever is shallower, if there is
no densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2. Sixty percent or more of the horizon thickness
between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densic, lithic, or
paralithic contact, duripan, or petrocalcic horizon,

Hydrocryands, p. 171

CBE., Other Cryands that have a 1500-kPa water
retention of less than 15 percent on air-dried samples
and of less than 30 percent on undried samples,
throughout 60 percent or more of the thickness either:

1. Within 60 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower, if there is no
densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2. Between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densic, lithic, or
paralithic contact, duripan, or petrocaleic horizon.

Vitricryands, p. 173

CBF. Other Cryands.
Haploeryands, p. 170

Fulvicryands

Kev to subgroups

CBCA. Fulvicryands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Fulvicryands
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CBCB, Other Fulvicryands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic properties that have
a total thickness of 25 cm or more within 100 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Vitric Fulvicryands

CBCC. Other Fulvicryands.
Typic Fulvicryands

Gelicryands
Key to subgroups

CBAA. All Gelieryands.
Typic Gelicryands

Haplocryands

Kev to subgroups

CBFA. Haplocryands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Haplocryands

CBFB. Other Haplocryands that have more than 2.0
emol{+)/kg Al** (by 1N KC}) in the fine-earth fraction of
one or more horizons with a total thickness of 10 cm or
more, between 25 and 50 ¢m either from the mineral
soil surface, or from the top of an organic layer with
andic goil properties, whichever is shallower.

Alie Haplocryands

CBFC. Other Haplocryands that have, in some
subhorizon between 50 and 100 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridy] at a time when the soil is
not being irrigated.

Aquic Haploeryands
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CBFD. Other Haplocryands that have extractable
bases plus 1N-KCl-extractable Al* totaling less than
2.0 col(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 cm or more,
between 25 and 100 cm either from the mineral soil
surface, or from the top of an organic layer with andic
801] properties, whichever is shallower.

Acrudoxic Haplocryands

CBFE. Other Haplocryands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic soil properties that
have a total thickness of 25 ¢m or more within 100 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Vitric Haplocryands

CBFF. Other Haploeryands that have, between 25 and
100 cm either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢m or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Haplocryands

CBFG. Other Haplocryands that have a xeric moisture
regime.
Xeric Haplocryands

CBFH. Other Haplocryands.
Typic Haplocryands

Hydrocryands
Kev t Tou,

CBDA. Hydrocryands that have a lithic contact within
50 c¢m either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower,

Lithic Hydrocryands

CBDB. Other Hydrocryands that have a placic horizon
within 100 cm either of the mineral soil surface, or of
the top of an organic layer with andic soil properties,
whichever is shallower.

Placic Hydrocryands



172

CBDC. Other Hydrocryands that have, in one or more
horizons between 50 and 100 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Aquic Hydrocryands

CBDD. Other Hydroeryands that have, between 25
and 100 c¢m either from the mineral soil surface, or
from the top of an organic layer with andic soil
properties, whichever is shallower, a layer 10 cm or
more thick with more than 3.0 percent organic carbon
and colors of a mollic epipedon throughout, underlying
one or more horizons with a total thickness of 10 ¢m or
more that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Thaptic Hydrocryands

CBDE, Other Hydrocryands.
Typic Hydrocryands

Melanocryands

Kev to subgroups

CBBA. Melanoeryands that have a lithic contact
within 50 em either of the mineral soil surface, or of
the top of an organie layer with andic soil properties,
whichever is shallower.

Lithic Melanocryands

CBBB. Other Melanocryands that have more than 2.0
emol(+)/kg Al¥* (by 1N KCI) in the fine-earth fraction of
one or more horizons with a total thickness of 10 cm or
more, between 25 and 50 ¢cm either from the mineral
soil surface, or from the top of an organic layer with
andie soil properties, whichever is shallower.

Alic Melanocryands

CBEBC. Other Melanocryands that have 1500 kPa
water retention of less than 15 percent on air-dried
samples or of less than 30 percent on undried samples
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throughout one or more layers with andic soil proper-
ties that have a total thickness of 25 cm or more
within 100 ¢m either of the mineral soil surface, or of
the top of an organic layer with andic soil properties,
whichever is shallower,

Vitric Melanocryands

CBBD. Other Melanocryands,
Typic Melanocryands

Vitricryands
Key to subgroups

CBEA. Vitricryands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Vitricryands

CBEB. Other Vitricryands that have, in one or more
horizons between 50 and 100 ¢m either from the
mineral soil surface, or from the top of an organic
layer with andic s0il properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridy] at a time when the soil is
not being irrigated.

Aquic Vitricryands

CBEC. Other Vitricryands that are saturated with
water, in one or more layers within 100 c¢m of the
mineral soil surface, for 1 month or more per year in 6
or more out of 10 years.

Oxyaquic Vitricryands

CBED. Other Vitricryands that have, between 25 and
100 ¢m either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢m or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Vitricryands
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CBEE. Other Vitricryands that have a xeric moisture
regime and a mollic or an umbric epipedon.
Humie Xeric Vitrieryands

CBEF. Other Vitricryands that have a xeric moisture
regime.
Xeric Vitricryands

CBEG. Other Vitricryands which have an argillicor a
kandic horizon that has both:

1. An upper boundary within 125 cm either of the
mineral soil surface, or of the top of an organic
layer with andic =oil properties, whichever is
shallower; and

2. A base saturation (by sum of cations) of less than
35 percent throughout the upper 50 cm or the
entire argillic horizon, if it is less than 50 ¢m thick.

Ultic Vitricryands

CBEH., Other Vitricryands which have an argillic or a
kandic horizon that has its upper boundary within 125
cm either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Alfic Vitricryands

CBEL Other Vitricryands that have a mollic or an
umbric epipedon.

Humic Vitricryands
CBEJ. Other Vitricryands.
Typie Vitrieryands
Torrands
Key to great groups

CCA. All Torrands.
Vitritorrands, p. 174

Vitritorrands

Key to subgroups

CCAA. Vitritorrands that have a lithic contact within
50 em of the mineral soil surface.
Lithic Vitritorrands

CCAB. Other Vitritorrands which have a petrocalcic
horizon that has its upper boundary within 100 cm of
the mineral soil surface.

Petrocalcic Vitritorrands
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CCAC. Other Vitritorrands which have a horizon 15
em or more thick, with 20 percent or more (by volume)
cemented soil material that does not slake in water
after air-drying, that has its upper boundary within
100 em of the mineral soil surface.

Duric Vitritorrands

CCAD. Other Vitritorrands that have, in one or more
horizons between 50 and 100 cm from the mineral soil
surface, aquic conditions for some time in most years
(or artificial drainage) and one or more of the follow-
ing:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Agquic Vitritorrands

CCAE. Other Vitritorrands which have a calcic
horizon that has its upper boundary within 126 em of
the mineral soil surface.

Calcic Vitritorrands

CCAPF. Other Vitritorrands.
Typic Vitritorrands

Udands
Kev to great groups

CGA. Udands that have, in half or more of each pedon,
a placie horizon within 100 cm either of the mineral
soil surface, or of the top of an organic layer with andic
soil properties, whichever is shallower.

Placudands, p. 192

CGB. Other Udands that have, in 75 percent or more
of each pedon, a cemented layer which does not slake
in water after air-drying and which has its upper
boundary within 100 em either of the mineral soil
surface, or of the top of an organic layer with andic soil
properties, whichever is shallower.

Durudands, p. 176

CGC. Other Udands that have a melanic epipedon.
Melanudands, p. 187
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CGD. Other Udands which have a layer that meets
the depth, thickness, and organic-carbon requirements
of a melanic epipedon.

Fulvudands, p, 177

CGE. Other Udands that have, undried, a 1500-kPa
water retention of 100 percent or more, on the
weighted average, throughout either;

1. One or more layers with a total thickness of 35 cm
between the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever
ig shallower, and 100 cm from the mineral soil
gurface, or the top of an organic layer with andic
soil properties, whichever is shallower, if there is
no densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2, Sixty percent or more of the horizon thickness
between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densie, lithic, or
paralithic contact, duripan, or petrocalcic horizon.

Hydrudands, p. 1856

CGPF. Other Udands.
Hapludands, p. 181

Durudands

Kev to subgroups

CGBA. Durudands that have, in one or more horizons
between 50 and 100 c¢m either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower, aquic condi-
tions for some time in most years (or artificial drain-
age) and one or more of the {ollowing:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Aquic Durudands

CGBB. Other Durudands that have extractable bases
plus IN-KCl-extractable Al** totaling less than 2.0
emol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 cm or more,
between 25 and 100 ¢m either from the mineral soil
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surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.
Acrudoxic Durudands

CGBC. Other Durudands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and

2. More than 6.0 percent organic carbon and colors of a
mollic epipedon throughout a layer 50 cm or more
thick within 60 ¢m either of the mineral soil
surface, or of the top of an organic layer with andic
goil properties, whichever is shallower.

Hydric Pachic Durudands

CGBD. Other Durudands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 ¢m or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Durudands

CGBE. Other Durudands.
Typic Durudands

Fulvudands
Key to su u
CGDA. Fulvudands that have both:

1. A lithic contact within 50 ¢m either of the mineral
soil surface, or of the top of an organic layer with
andic soil properties, whichever is shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 em either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower.

Hydric Lithic Fulvudands

CGDB. Other Fulvudands that have a lithic contact
within 50 cm either of the mineral soil surface, or of
the top of an organic layer with andic soil properties,
whichever is shallower.

Lithic Fulvudands
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CGDC. Other Fulvudands that have more than 2.0
emol(+)/’kg AI** (by 1N KCI) in the fine-earth fraction of
one or more horizons with a total thickness of 10 em or
more, between 25 and 50 cm either from the mineral
soil surface, or from the top of an organic layer with
andic soil properties, whichever is shallower.

Alic Fulvudands

CGDD. Other Fulvudands that have, in one or more
horizons between 50 and 100 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1, Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions on
faces of peds, or in the matrix if peds are absent; or

3. Enough active ferrous iron to give a positive
reaction to a,a'’-dipyridyl at a time when the soil is not
being irrigated.

Aquic Fulvudands

CGDE. Other Fulvudands that have both:

1. Extractable bases plus 1N-KCl-extractable Al*
totaling less than 2.0 emol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 ¢cm or more, between 25 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 ¢m either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower,

Acrudoxic Hydric Fulvadands

CGDF. Other Fulvudands which have both:

1. Extractable bases plus 1N-KCl-extractable AI**
totaling less than 2.0 cmol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 ¢cm or more, between 25 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and
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2. An argillic or 2 kandic horizon that has both;

a. An upper boundary within 125 em either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

b. Abase saturation (by sum of cations) of less
than 35 percent throughout its upper 50 cm.
Acrudoxic Ultic Fulvudands

CGDQG. Other Fulvudands that have extractable bases
plus 1N-KCl-extractable Al1** totaling less than 2.0
emol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 cm or more,
between 25 and 100 ¢m either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acrudoxic Fulvudands

CGDH. Other Fulvudands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 ¢m either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and

2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 em or more
thick within 60 cm either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever ig shallower.

Hydric Pachic Fulvudands

CGDI. Other Fulvudands that have both:

1. A sum of extractable bases of more than 25.0
cmol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 15
cm or more between 25 and 75 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 ¢cm or more
thick within 60 ¢m either of the mineral goil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower.

Eutric Pachic Fulvudands

CGDJ. Other Fulvudands that have more than 6.0
percent organic carbon and colors of a mollic epipedon
throughout a layer 50 em or more thick within 60 cm
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either of the mineral 8oil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower,

Pachic Fulvudands

CGDK. Other Fulvudands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andie soil
properties, whichever is shallower; and

2. Between 40 and 100 cm either from the mineral
soil surface, or from the top of an organic layer
with andie soil properties, whichever is shallower,
a layer 10 em or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
horizons with a total thickness of 10 ¢em or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.,

Hydric Thaptic Fulvudands

CGDL. Other Fulvudands that have, undried, a 1500-
kPa water retention of 70 percent or more throughout
a layer 35 ¢cm or more thick within 100 em either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is ghal-
lower.

Hydric Fulvuadands

CGDM. Other Fulvudands that have, between 40 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.,

Thaptic Fulvudands

CGDN. Other Fulvudands that have a sum of extract-
able bases of more than 25.0 emol(+)/kg in the fine-
earth fraction throughout one or more horizons with a
total thickness of 15 em or more between 25 and 75 cm
either from the mineral soil surface, or from the top of
an organic layer with andie soil properties, whichever
is shallower.

Eutric Fulvudands

CGDO. Other Fulvudands.
Typic Fulvudands
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Hapludands
Key to subgroups

CGFA. Hapludands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Hapludands

CGFB. Other Hapludands that have a petroferric
contact within 100 cm either of the mineral soil
surface, or of the top of an organic layer with andic soil
properties, whichever is shallower.

Petroferric Hapludands

CGFC. Other Hapludands that have anthraquic
conditions.
Anthraquic Hapludands

CGFD. Other Hapludands which have both:

1. Ahorizon 15 ¢em or more thick, with 20 percent or
more (by volume) cemented soil material that does
not slake in water after air-drying, that has its
upper boundary within 100 em either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever ig
shallower; and

2. In one or more horizons between 50 and 100 em
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower, aquic conditions for some
time in most years (or artificial drainage) and one
or more of the following:

a. Two percent or more redox concentrations; or

b. A color value, moist, of 4 or more, and 50
percent or more chroma of 2 or less either in
redox depletions on faces of peds, or in the
matrix if peds are absent; or

c¢. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the
goil is not being irrigated.
Aquic Duric Hapludands

CGFE. Other Hapludands that have a horizon 15 cm
or more thick, with 20 percent or more (by volume)
cemented so0il material that does not slake in water
after air-drying, that has its upper boundary within
100 c¢m either of the mineral soil surface, or of the top
of an organic layer with andic soil properties, which-
ever is shallower.

Duric Hapludands
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CGFF. Other Hapludands that have more than 2.0
cmol(+)/kg A1* (by 1N KCD) in the fine-earth fraction of
one or more horizons with a total thickness of 10 cm or
more, between 25 and 50 em either from the mineral
soil surface, or from the top of an organic layer with
andic soil properties, whichever is shallower.

Alic Hapludands

CGFG. Other Hapludands that have, in one or more
horizons between 50 and 100 ¢m either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A eolor value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Aquic Hapludands

CGFH. Other Hapludands that have both:

1. Extractable bases plus 1N-KCl-extractable A**
totaling less than 2.0 ¢cmol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 ¢cm or more, between 25 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 ¢m either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower.

Acrudoxic Hydric Hapludands

CGFL Other Hapludands that have, between 25 and
100 cm either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, both:

1. Extractable bases plus 1N-KCl-extractable Al*
totaling less than 2.0 emol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 cm or more; and

2. Alayer 10 cm or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
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horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Acrudoxic Thaptic Hapludands

CGFJ. Other Hapludands that have both:

1. Extractable bases plus 1N-KCl-extractable Al**
totaling less than 2.0 emol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 ¢cm or more, between 25 and 100 cm
either from the mineral so0il surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and

2. An argillic or a kandic horizon that has both:

a. An upper boundary within 125 ¢m either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

b. A base saturation (by sum of cations) of less
than 35 percent throughout its upper 50 cm.
Acrudoxic Ultic Hapludands

CGFK. Other Hapludandas that have extractable bases
plus IN-KCl-extractable Al** totaling less than 2.0
cmol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 em or more,
between 25 and 100 cm either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acrudoxic Hapludands

CGFL. Other Hapludands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic soil properties that
have a total thickness of 25 ¢m or more within 100 cm
either of either the mineral soil surface, or of the top of
an organic layer with andie soil properties, whichever
is shallower.

Vitric Hapludands

CGFM. Other Hapludands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 ¢cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and

2. Between 25 and 100 cm either from the mineral
soil surface, or from the top of an organic layer
with andic soil properties, whichever is shallower,
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a layer 10 cm or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
horizons with a total thickness of 10 ¢m or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Hydric Thaptic Hapludands

CGFN. Other Hapludands that have, undried, a 1500-
kPa water retention of 70 percent or more throughout
a layer 35 cm or more thick within 100 em either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Hydric Hapludands

CGFO. Other Hapludands that have both:

1. A sum of extractable bases of more than 25.0
cmol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 15
cm or more between 25 and 75 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. Between 25 and 100 ¢m either from the mineral
soil surface, or from the top of an organic layer
with andie soil properties, whichever is shallower,
a layer 10 em or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Eutric Thaptic Hapludands

CGFP. Other Hapludands that have, between 25 and
100 c¢m either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower,

Thaptic Hapludands

CGFQ. Other Hapludands that have a sum of extract-
able bases of more than 25.0 cmol(+)/kg in the fine-
earth fraction throughout one or more horizons with a
total thickness of 15 cm or more hetween 25 and 75 cm
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either from the mineral soil surface, or from the top of
an organic layer with andic soil properties, whichever
is shallower.

Eutric Hapludands

CGFR. Other Hapludands which have an oxic horizon
that has its upper boundary within 125 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Oxic Hapludands

CGFS. Other Hapludands which have an argillic or a
kandic horizon that has both:

1. An upper boundary within 125 cm either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. A base saturation (by sum of cations) of less than
35 percent throughout its upper 50 cm.
Ultic Hapludands

CGFT. Other Hapludands which have an argillic or a
kandic horizon that has its upper boundary within 125
cm either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower,

Alfic Hapludands
CGFU. Other Hapludands.
Typic Hapludands
Hydrudands
Kev to subgroups

CGEA. Hydrudands that have a lithic contact within
50 em either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Hydrudands

CGEB. Other Hydrudands that have, in one or more
horizons between 50 and 100 ¢m either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

oZ2r
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3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Aquic Hydrudands

CGEC. Other Hydrudands which have, between 25
and 100 cm either from the mineral soil surface, or
from the top of an organic layer with andic soil
properties, whichever is shallower, both:

1. Extractable bases plus IN-KCl-extractable Al*
totaling less than 2.0 cmol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 ¢cm or more; and

2. Alayer 10 ¢m or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Acrudoxic Thaptic Hydrudands

CGED. Other Hydrudands that have extractable bases
plus IN-KCl-extractable Al* totaling less than 2.0
cmol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 ¢m or more,
between 25 and 100 cm either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acrudoxic Hydrudands

CGEE. Other Hydrudands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 em or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Hydrudands

CGEF. Other Hydrudands that have a sum of extract-
able bases of more than 25.0 cmol(+)/kg in the fine-
earth fraction throughout one or more horizons with a
total thickness of 15 cm or more between 25 and 76 cm
either from the mineral soil surface, or from the top of
an organic layer with andic soil properties, whichever
is shallower,

Eutric Hydrudands
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CGEG. Other Hydrudands which have an argillicor a
kandic horizon that has both:

1. An upper boundary within 125 ¢m either of the
mineral soil surface, or of the top of an organic
layer with andie soil properties, whichever ig
shallower; and

2. A base saturation (by sum of cations) of less than
35 percent throughout its upper 50 cm.

Ultic Hydrudands
CGEH. Other Hydrudands.
Typic Hydrudands
Melanudands
1 ups

CGCA. Melanudands that have a lithic contact within
50 em etther of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Melanudands

CGCB. Other Melanudands that have anthragquic
conditions.
Anthraquic Melanudands

CGCC, Other Melanudands that have both:

1. More than 2.0 cmol(+)/kg Al%* (by 1N KCI) in the
fine-earth fraction of one or more horizons with a
total thickness of 10 cm or more, between 25 and
50 em either from the mineral soil surface, or from
the top of an organic layer with andic soil proper-
ties, whichever is shallower; and

2. In one or more horizons between 50 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower, aquic conditions for some
time in most years (or artificial drainage) and one
or more of the following:

a. Two percent or more redox concentrations; or

b. A color value, moist, of 4 or more, and 50
percent or more chroma of 2 or less either in
redox depletions on faces of peds, or in the
matrix if peds are absent; or

c¢. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the
goil is not being irrigated.
Alic Aquic Melanudands
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CGCD. Other Melanudands that have both:

1. More than 2.0 cmol(+)/kg Al** (by 1N KC]) in the
fine-earth fraction of one or more horizons with a
total thickness of 10 em or more, between 25 and
50 em either from the mineral soil surface, or from
the top of an organic layer with andic soil proper-
ties, whichever is shallower; and

2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 ¢em or more
thick within 60 ¢cm either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower,

Alic Pachic Melanudands

CGCE. Other Melanudands that have both;

1. More than 2.0 cmol(+)/kg AI** (by 1N KCl) in the
fine-earth fraction of one or more horizons with a
total thickness of 10 em or more, between 25 and
50 em either from the mineral soil surface, or from
the top of an organic layer with andic soil proper-
ties, whichever is shallower; and

2. Between 40 and 100 c¢m either from the mineral
soil surface, or from the top of an organic layer
with andic soil properties, whichever is shallower,
a layer 10 em or more thick with more than 3.0
percent organic carbon and colors of a mollic
epipedon throughout, underlying one or more
horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Alic Thaptic Melanudands

CGCF. Other Melanudands that have more than 2.0
cmol(+)/kg Al* (by 1N KCI) in the fine-earth fraction of
one or more horizons with a total thickness of 10 cm or
more, between 25 and 50 cm either from the mineral
soil surface, or from the top of an organic layer with
andic soil properties, whichever is shallower.

Alic Melanudands

CGCG. Other Melanudands that have, in one or more
horizons between 50 and 100 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:
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1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aquic Melanudands

CGCH. Other Melanudands that have both:

1. Extractable bases plus 1IN-KCl-extractable Al**
totaling less than 2.0 cmol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 em or more, between 25 and 100 em
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and )

2. A 1500 kPa water retention of less than 15 percent
on air-dried samples or of less than 30 percent on
undried samples throughout one or more layers
with andic soil properties that have a total
thickness of 25 ¢m or more within 100 ¢m either of
the mineral soil surface, or of the top of an organic
layer with andic so0il properties, whichever is
shallower.

Acrudoxic Vitric Melanudands

CGCI, Other Melanudands that have both:

1. Extractable bases plus 1N-KCl-extractable Al
totaling less than 2.0 emol(+)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 c¢m or mare, between 25 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower.,

Acrudoxic Hydric Melanudands

CGCJ. Other Melanudands that have extractable
bases plus 1N-KCl-extractable Al* totaling less than
2.0 cmol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 cm or more,
between 25 and 100 em either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acrudoxic Melanudands
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CGCK. Other Melanudands that have both:

1.

2.

More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 cm or more
thick within 60 cm either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower; and

A 1500 kPa water retention of less than 15 percent
on air-dried samples or of less than 30 percent on
undried samples throughout one or more layers
with andic soil properties that have a total
thickness of 26 cm or more within 100 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower.

Pachic Vitric Melanudands

CGCL. Other Melanudands that have both:

1.

2,

A sum of extractable bases of more than 25.0
cmol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 15
cm or more between 25 and 75 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is
shallower; and

A 1500 kPa water retention of less than 15 percent
on air-dried samples or of less than 30 percent on
undried samples throughout one or more layers
with andic soil properties that have a total
thickness of 25 cm or more within 100 ¢m either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower,

Eutric Vitric Melanudands

CGCM. Other Melanudands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic goil properties that

have a total thickness of 256 cm or more within 100 cm

either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Vitric Melanudands

CGCN, Other Melanudands that have both:

1.

Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 ¢m either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and
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2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 cm or more
thick within 60 cm either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower.

Hydric Pachic Melanudands

CGCO. Other Melanudands that have more than 6.0
percent organic carbon and colors of a mollic epipedon
throughout a layer 50 cm or more thick within 60 ¢cm
either of the mineral soil surface, or of the top of an
organic layer with andic goil properties, whichever is
shallower.

Pachic Melanudands

CGCP. Other Melanudands that have both:

1. A sum of extractable bases of more than 25.0
c¢mol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 15
cm or more between 25 and 75 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic goil
properties, whichever is shallower,

Eutric Hydric Melanudands

CGCQ. Other Melanudands that have, undried, a
1500-kPa water retention of 70 percent or more
throughout a layer 35 cm or more thiek within 100 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
ghallower.

Hydric Melanudands

CGCR. Other Melanudands that have, between 40 and
100 ¢m either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 ¢cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 em or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Melanudands
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CGCS, Other Melanudands which have an argillic or a
kandic horizon that has both:

1. An upper boundary within 125 cm either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. A base saturation (by sum of cations) of less than
35 percent throughout its upper 50 cm.
Ultic Melanudands

CGCT. Other Melanudands.
Typic Melanudands

Placudands
Kev to su ups

CGAA. Placudands that have a lithic contact within 50
cm either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Lithic Placudands

CGAB. Other Placudands that have, in one or more
horizons between 60 and 100 ¢m either from the
mineral so0il surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a’-dipyridyl at a time when the soil is
not being irrigated.

Aquic Placudands

CGAC. Other Placudands that have both:

1. Extractable bases plus 1N-KCl-extractable Al*
totaling less than 2.0 cmol(#)/kg in the fine-earth
fraction of one or more horizons with a total
thickness of 30 cm or more, between 25 and 100 cm
either from the mineral soil surface, or from the
top of an organic layer with andic soil properties,
whichever is shallower; and

2. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
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within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower.

Acrudoxic Hydric Placudands

CGAD. Other Placudands that have extractahle bases
plus 1N-KCl-extractable Al* totaling less than 2.0
cmol(+)/kg in the fine-earth fraction of one or more
horizons with a total thickness of 30 ¢cm or more,
between 25 and 100 em either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower.

Acrudoxic Placudands

CGAE. Other Placudands that have both:

1, A sum of extractable bases of more than 25.0
¢mol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 15
c¢m or more hetween 25 and 75 cm either from the
mineral soil surface, or from the top of an organic
layer with andie soil properties, whichever is
shallower; and

2. A 1500 kPa water retention of less than 15 percent
on air-dried samples or of less than 30 percent on
undried samples throughout one or more layers
with andic soil properties that have a total
thickness of 25 cm or more within 100 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower,

Eutric Vitric Placudands

CGAF. Other Placudands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic soil properties that
have a total thickness of 25 cm or more within 100 cm
either of the mineral goil surface, or of the top of an
organic layer with andic soil properties, whichever ia
shallower.

Vitric Placudands

CGAG. Other Placudands that have both:

1. Undried, a 1500-kPa water retention of 70 percent
or more throughout a layer 35 cm or more thick
within 100 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower; and

2. More than 6.0 percent organic carbon and colors of
a mollic epipedon throughout a layer 50 ¢cm or more
thick within 60 cm either of the mineral soil
surface, or of the top of an organic layer with andic
soil properties, whichever is shallower.

Hydric Pachic Placudands
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CGAH. Other Placudands that have more than 6.0
percent organic carbon and colors of a2 mollic epipedon
throughout a layer 50 ecm or more thick within 60 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Pachic Placudands

CGAI Other Placudands that have, undried, a 1500-
kPa water retention of 70 percent or more throughout
a layer 35 em or more thick within 100 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Hydric Placudands

CGAJ. Other Placudands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Placudands

CGAK. Other Placudands that have a sum of extract-
able bases of more than 25.0 emol(+)/kg in the fine-
earth fraction throughout one or more horizons with a
total thickness of 15 cm or more between 26 and 75 cm
either from the mineral soil surface, or from the top of
an organic layer with andic soil properties, whichever
is shallower.

Eutric Placudands

CGAL. Other Placudands.
Typic Placudands

Ustands
to t

CFA. Ustands which have a duripan that has its upper
boundary within 100 ¢cm either of the mineral soil
surface, or of the top of an organic layer with andic soil
properties, whichever is shallower.

Durustands, p. 195

CFB. Other Ustands.
Haplustands, p. 195
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Durustands
Key to subgroups

CFAA. Durustands that have, in one or more horizons
between 50 and 100 ¢m either from the mineral soil
surface, or from the top of an organic layer with andic
soil properties, whichever is shallower, aquie condi-
tions for some time in most years (or artificial drain-
age) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aguic Durustands

CFAB. Other Durustands that have, between 25 and
100 cm either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢m or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Durustands

CFAC. Other Durustands that have a melanie, mollic,
or an umbric epipedon.
Humic Durustands

CFAD. Other Durustands.
Typic Durustands

Haplustands
Key to subgroups

CFBA. Haplustands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower,

Lithic Haplustands

CFBB. Other Haplustands that have, in one or more
horizons between 50 and 100 ¢m either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
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lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aquic Haplustands

CFBC. Other Haplustands that have both:

1. Extractable bases plus IN-KCl-extractable Al*
totaling less than 15.0 cmol(+)/kg in the fine-earth
fraction throughout one or more horizons with a
total thickness of 60 ¢em or more within 75 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever
is shallower; and

2. A 1500 kPa water retention of less than 15 percent
on air-dried samples or of less than 30 percent on
undried samples throughout one or more layers
with andic soil properties that have a total
thickness of 25 cm or more within 100 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower.

Dystric Vitric Haplustands

CFBD. Other Haplustands that have 1500 kPa water
retention of less than 15 percent on air-dried samples
or of less than 30 percent on undried samples through-
out one or more layers with andic soil properties that
have a total thickness of 25 em or more within 100 ¢m
either of the mineral soil surface, ot of the top of an
organic layer with andic soil properties, whichever is
shallower.

Vitriec Haplustands

CFBE. Other Haplustands that have more than 6.0
percent organic carbon and colors of a mollic epipedon
throughout a layer 50 cm or more thick within 60 ecm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Pachic Haplustands

CFBF. Other Haplustands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,



197

whichever is shallower, a layer 10 em or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Haplustands

CFBG. Other Haplustands which have a caleic horizon
that has its upper boundary within 125 ¢m either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.,

Calcic Haplustands

CFBH. Other Haplustands that have extractable
bases plus 1N-KCl-extractable Al** totaling less than
15.0 cmol(+)/kg in the fine-earth fraction throughout
one or more horizons with a total thickness of 60 cm or
more within 75 cm either of the mineral soil surface,
or of the top of an organic layer with andic soil
properties, whichever is shallower.

Dystric Haplustands

CFBI. Other Haplustands which have an oxic horizon
that has its upper boundary within 125 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Oxic Haplustands

. CFBJ. Other Haplustands which have an argillic or a
kandic horizon that has both:

1. An upper boundary within 125 em either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. A base saturation (by sum of cations) of less than
36 percent throughout the upper 50 ¢m or the
entire argillic horizon, if it is less than 50 cm thick.

Ultic Haplustands

CFBK. Other Haplustands which have an argillic or a
kandic horizon that has its upper boundary within 125
cm either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever is
shallower.

Alfie Haplustands

CFBL. Other Haplustands that have a melanic, mollic,
or an umbric epipedon.
Humic Haplustands
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CFBM. Other Haplustands.
Typic Haplustands

Vitrands
Ke eat 5

CEA. Vitrands that have an ustic moisture regime.
Ustivitrands, p. 199

CEB. Other Vitrands.
Udivitrands, p. 198

Udivitrands
Key to subgroups

CEBA. Udivitrands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.

Lithic Udivitrands

CEBB. Other Udivitrands that have, in one or more
horizong between 50 and 100 c¢m either from the
minera) soil surface, or from the top of an organic
layer with andic soil properties, whichever is ghal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aquic Udivitrands

CEBC. Other Udivitrands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 ¢em or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Udivitrands



199

CEBD, Other Udivitrands which have both:

1. An argillic or a kandic horizon that has its upper
boundary within 125 em of the mineral soil surface,
or of the upper boundary of an organic layer with
andic soil properties, whichever is shallower; and

2. A base saturation (by sum of cations) of less than
36 percent throughout the upper 50 cm of the
argillic or kandic horizon.

Ultic Udivitrands

CEBE. Other Udivitrands which have an argillic or a
kandic horizon that has its upper boundary within
125 em of the mineral soil surface, or of the upper
boundary of an organic layer with andic soil proper-
ties, whichever is shallower.

Alfic Udivitrands

CEBF. Other Udivitrands that have a melanic, a
mollic, or an umbric epipedon,
Humic Udivitrands

CEBG. Other Udivitrands,
Typic Udivitrands

Ustivitrands

Key to subgroups

CEAA. Ustivitrands that have a lithic contact within
50 cm either of the mineral soil surface, or of the top of
an organic layer with andic soil properties, whichever
is shallower.,

Lithie Ustivitrands

CEAB. Other Ustivitrands that have, in one or more
horizons between 50 and 100 cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated,

Aquic Ustivitrands
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CEAC, Other Ustivitrands that have, between 25 and
100 em either from the mineral soil surface, or from
the top of an organic layer with andic soil properties,
whichever is shallower, a layer 10 cm or more thick
with more than 3.0 percent organic carbon and colors
of a mollic epipedon throughout, underlying one or
more horizons with a total thickness of 10 cm or more
that have a color value, moist, 1 unit or more higher
and an organic-carbon content 1 percent or more
(absolute) lower.

Thaptic Ustivitrands

CEAD. Other Ustivitrands which have a calcic horizon
that has its upper boundary within 125 cm either of
the mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is shal-
lower.

Calcic Ustivitrands

CEAE. Other Ustivitrands that have a melanic, mollic,
or an umbric epipedon.
Humic Ustivitrands

CEAF. Other Ustivitrands.
Typic Ustivitrands

Xerands

Kev to great groups

CDA. Xerands that have a 1500-kPa water retention of
less than 15 percent on air-dried samples and of less
than 30 percent on undried samples, throughout 60
percent or more of the thickness either:

1. Within 60 cm either of the mineral soil surface, or
of the top of an organic layer with andic soil
properties, whichever is shallower, if there is no
densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that depth; or

2. Between either the mineral soil surface, or the top
of an organic layer with andic soil properties,
whichever is shallower, and a densigc, lithic, or
paralithic contact, duripan, or petrocalcic horizon.

Vitrixerands, p. 202

CDB. Other Xerands that have a melanic epipedon.
Melanoxerands, p. 202

CDC. Other Xerands.
Haploxerands, p. 201
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Haploxerands
Key to subgroups

CDCA. Haploxerands that have a lithic contact within
50 ¢cm of the mineral so0il surface.
Lithic Haploxerands

CDCB. Other Haploxerands that have, in one or more
horizons between 50 and 100 ¢m either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:

1. Two percent or more redox concentrations; or

2. A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aguic Haploxerands

CDCC. Other Haploxerands that have, between 25
and 100 cm from the mineral soil surface, a layer 10
em or more thick with more than 3.0 percent organic
carbon and colors of a mollic epipedon throughout,
underlying one or more horizons with a total thickness
of 10 cm or more that have a color value, moist, 1 unit
or more higher and an organic-carbon content 1
percent or more (absolute) lower.

Thaptic Haploxerands

CDCD. Other Haploxerands which have a caleic
horizon that has its upper boundary within 125 cm of
the mineral soil surface.

Calcic Haploxerands

CDCE. Other Haploxerands which have an argillic or
a kandic horizon that has both:

1. An upper boundary within 125 cm of the mineral
soil surface; and

2. A base saturation (by sum of cations) of less than
35 percent throughout its upper 50 cm.
Ultic Haploxerands

ozZ>r
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CDCF. Other Haploxerands which have both:
1. A mollic or an umbric epipedon; and

2. An argillic or a kandic horizon that has its upper
boundary within 125 ¢cm of the mineral soil surface,
or of the top of an organic layer with andic soil
propertiea, whichever is shallower.

Alfic Humic Haploxerands

CDCG. Other Haploxerands which have an argillic or
a kandic horizon that has its upper boundary within
125 cm of the mineral soil surface.

Alfic Haploxerands

CDCH. Other Haploxerands that have a mollic or an
umbric epipedon.
Humic Haploxerands

CDCL. Other Haploxerands.
Typic Haploxerands

Melanoxerands

Kev to subgroups

CDBA. Melanoxerands that have more than 6.0
percent organic carbon and colors of a mollic epipedon
throughout a layer 50 cm or more thick within 60 cm
either of the mineral soil surface, or of the top of an
organic layer with andic soil properties, whichever isg
shallower.

Pachic Melanoxerands

CDBB. Other Melanoxerands.
Typic Melanoxerands

Vitrixerands

Key to subgrouns

CDAA. Vitrixerands that have a lithic contact within
50 ¢cm of the mineral soil surface.
Lithic Vitrixerands

CDAB. Other Vitrixerands that have, in one or more
horizons between 50 and 100 ¢cm either from the
mineral soil surface, or from the top of an organic
layer with andic soil properties, whichever is shal-
lower, aquic conditions for some time in most years (or
artificial drainage) and one or more of the following:
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1. Two percent or more redox concentrations; or

2, A color value, moist, of 4 or more, and 50 percent or
more chroma of 2 or less either in redox depletions
on faces of peds, or in the matrix if peds are absent;
or

3. Enough active ferrous iron to give a positive
reaction to a,a'-dipyridyl at a time when the soil is
not being irrigated.

Aquic Vitrixerands

CDAC, Other Vitrixerands that have, between 25 and
100 ¢m from the mineral soil surface, a layer 10 ¢m or
more thick with more than 3.0 percent organie ecarbon
and colors of a mollic epipedon throughout, underlying
one or more horizons with a total thickness of 10 cm or
more that have a color value, moist, 1 unit or more
higher and an organic-carbon content 1 percent or
more (absolute) lower.

Thaptic Vitrixerands

CDAD. Other Vitrixerands which have both:
1. A melanic, a mollic, or an umbric epipedon; and

2. An argillic or a kandic horizon that has its upper
boundary within 125 ¢m of the mineral soil surface,
or of the top of an organic layer with andic soil
properties, whichever is shallower.

Alfic Humic Vitrixerands

CDAE. Other Vitrixerands which have an argillic or a
kandic horizon that has both:

1. An upper boundary within 125 em either of the
mineral soil surface, or of the top of an organic
layer with andic soil properties, whichever is
shallower; and

2. A base saturation (by sum of cations) of less than
35 percent throughout the upper 50 cm or the
entire argillic horizon, if it is less than 50 em thick,

Ultic Vitrixerands

CDAF. Other Vitrixerands which have an argillic or a
kandic horizon that has its upper boundary within 125
cm of the mineral soil surface.

Alfic Vitrixerands

CDAG. Other Vitrixerands that have a melanic, a
mollic, or an umbric epipedon.
Humic Vitrixerands

CDAH. Other Vitrixerands.
Typic Vitrixerands

oZ>
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Chapter 7

ARIDISOLS!
Key to suborders

FA. Aridisols that have a cryic soil temperature
regime.
Cryids, p. 237

FB. Other Aridisols which have a salic horizon that
has its upper boundary within 100 ¢m of the soil

surface.
Salids, p. 259

FC. Other Aridisols which have a duripan that has its
upper houndary within 100 em of the soil surface.
Durids, p. 244

FD. Other Aridisols which have a gypsic or petrogypsic
horizon that has its upper boundary within 100 cm of
the soil surface and lack a petrocaleic horizon overlying
any of these horizons.

Gypsids, p. 251

FE, Other Aridisols which have an argillic or natric

horizon and do not have a petrocalcic horizon that has

an upper boundary within 100 cm of the soil surface.
Argids, p. 205

FF. Other Aridisols which have a calcic or petrocalcic
horizon that has its upper boundary within 100 cm of
the soil surface.

Caleids, p. 222
FG. Other Aridisols.

Cambids, p. 229
Argids
e €8 0

FEA. Argids which have a duripan or a petrocalcic or
petrogypsic horizon that has its upper boundary
within 150 em of the so0il surface.

Petroargids, p. 221

FEB. Other Argids that have a natric horizon.
Natrargids, p. 215

FEC. Other Argids which do not have a densic, lithic,
or paralithic contact within 50 em of the soil surface,
and have either:

! This chapter was rewritten in 1994 following recommendations
from the International Committee on Aridisols JCOMID),
chaired by Dr. A, Osman. Major contributions were made by
Dr, H. Eswaran and J. Nichols.
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11. A clay increase of 15 percent or more (absolute)
within a vertical distance of 2.5 cm either within
the argillic horizon or at its upper boundary; or

2. An argillic horizon that extends to 150 cm or more
from the soil surface, that does not have a clay
decrease with increasing depth of 20 percent or
more (relative) from the maximum clay content,
and has, in 50 percent or more of the matrix, in
some part between 100 and 150 cm either:

a. Hues of 7.5YR or redder and chroma of 5 or
more, or

b. Hues of 7.5YR or redder and value, moist, that
is 3 or less and value, dry, that is 4 or less.
Paleargids, p. 219

FED. Other Argids which have a gypsic horizon that
has its upper boundary within 150 cm of the seil
surface,

Gypsiargids, p.210

FEE. Other Argids which have a calcic horizon that
has its upper boundary within 150 c¢m of the soil
surface.

Calciargids, p.206
FEF. Other Argids.

Hapliargids, p.211
Calciargids
Key to subgroups

FEEA. Calciargids that have a lithic contact within 50
cm of the soil surface.
Lithic Calciargids

FEEB. Other Calciargids which have both:
1. One or both of the following:

a. Cracks within 125 em of the soil surface that
are 5 mm or more wide through a thickness of
30 ¢cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a
layer 15 ¢cm or more thick that has its upper
boundary within 126 cm of the soil surface; or

b. A linear extensibility of 6.0 cm or more
between the soil surface and either a depth of
100 cm or to a densic, lithic, or paralithic
contact, if shallower; and



207

2. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the s0il temperature is 5°C or higher at a
depth of 50 cm and the soil moisture regime
borders a xeric regime.

Xerertic Calciargids

FEEC. Other Calciargids which have both:
1. One or both of the following:

a. Cracks within 125 cm of the soil surface that
are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a
layer 15 cm or more thick that has its upper
boundary within 126 cm of the soil surface; or

b. A linear extensibility of 6.0 cm or more
between the soil surface and either a depth of
100 ¢m or to a densic, lithic, or paralithic

contact, if shallower; and A
R
2. A moisture control section that is dry in all parts |

for less than three-fourths of the time (cumulative)
when the soil temperature is 5°C or higher at a
depth of 50 ¢cm and the moisture regime borders an
ustic regime.

Ustertic Calciargids

FEED. Other Calciargids that have one or both of the
following:

1. Cracks within 125 cm of the soil surface that are 5
mm or more wide through a thickness of 30 cm or
more for some time in most years, and slickensides
or wedge-shaped aggregates in a layer 15 cm or
more thick that has its upper boundary within 125
cm of the soil surface; or

2. A linear extensibility of 6.0 cm or more between the
soil surface and either a depth of 100 cm or to a
densie, lithie, or paralithic contact, if shallower.

Vertic Calciargids

FEEE. Other Calciargids that are either:
1. Irrigated and have aquic conditions, for some time

in most years, in one or more layers within 100 cm
of the soil surface; or
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2. Saturated with water, in one or more layers within
100 cm of the soil surface, for 1 month or more per
year in 6 or more out of 10 years.

Aquic Calciargids

FEEF. Other Calciargids which have:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the soil surface
to the top of an argillic horizon at a depth of 50 cm
or more; and

2. A moisture control section that is dry in all its
parts for less than three-fourths of the time
(cumulative) when the soil temperature at a depth
of 50 em is 5°C or higher and the moisture regime
borders on an ustic regime.

Arenic Ustic Calciargids

FEEG. Other Calciargids which have a sandy or
sandy-skeletal particle-size class throughout a layer
extending from the soil surface to the top of an argillic
horizon at a depth of 50 cm or more.

Arenic Calciargids

FEEH. Other Calciargids that have the following
combination of characteristics:

1. One or more horizons, within 100 em of the soil
gurface, that have a combined thickness of 15 ¢m
or more, that contain 20 percent or more (by
volume) durinodes or are brittle and have at least a
firm rupture resistance class when moist; and

2. Are dry in all parts of the moisture control section
for less than three-fourths of the time (cumulative)
when the soil temperature is 5° C or higher at a
depth of 50 ¢cm and the moisture regime borders on
a xeric regime.

Durinodic Xeric Calciargids

FEEIL Other Calciargids which have one or more
horizons, within 100 em of the soil surface, that have a
combined thickness of 15 cm or more, that contain 20
percent or more (by volume) durinodes or are brittle
and have at least a firm rupture resistance class when
moist.

Durinodic Calciargids

FEEJ. Other Calciargids which have one or more
horizons, within 100 em of the soil surface, that have a
combined thickness of 15 ¢cm or more, that contain 20
percent or more (by volume) nodules or concretions.
Petronodic Calciargids
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FEEK. Other Calciargids that have both:

1. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5° C or higher at a
depth of 50 ¢cm and the moisture regime borders a
Xeric regime; and

2. Throughout one or more horizons with a total
thickness of 18 cm or more within 75 ¢cm of the soil
surface, one or both of the following:

a, More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

b. A fine-earth fraction containing 30 percent or
more particles 0.02 to 2.0 mm in diameter of
which 5 percent or more is volcanic glass, and
[(Al plus 1/2 Fe, percent extracted by ammo-
nium oxalate) times 60] plus the volcanic glass
(percent) is 30 or more.

Vitrixerandic Calciargids

FEEL. Other Calciargids which have throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the soil surface, one or both of
the following:

1. More than 35 percent (hy volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter of which 5
percent or more is volcanic glass, and [(Al plus 1/2
Fe, percent extracted by ammonium oxalate) times
60] plus the volcanic glass (percent) is 30 or more.

Vitrandic Calciargids

FEEM. Other Calciargids that are dry in all parts of
the moisture control section lesa than three-fourths of
the time (cumulative) when the soil temperature at a
depth of 50 cm is 5° C or higher and the moisture
regime borders on a xeric regime.

Xeric Calciargids

FEEN. Other Calciargids that are dry in all parts of
the moisture control section less than three-fourths of
the time (cumulative) when the soil temperature at a
depth of 50 em is 5° C or higher and the moisture
regime borders on an ustic regime.

Ustic Calciargids
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FEEQ. Other Calciargids.
Typic Calciargids

Gypsiargids
ev to sub
FEDA. Gypsiargids that are either:

1. Irrigated and have aquic conditions, for some time
in most years, in one or more layers within 100 ecm
of the soil surface; or

2. Are saturated with water, in one or more layers
within 100 em of the soil surface, for 1 month or
more per year in 6 or more out of 10 years,

Agquic Gypsiargids

FEDB. Other Gypsiargids which have one or more
horizons, within 100 cm of the soil surface, that have a
combined thickness of 15 cm or more, that either
contains 20 percent or more (by volume) durinodes or
are brittle and have at least a firm rupture resistance
class when moist.

Durinodic Gypsiargids

FEDC. Other Gypsiargids that have both:

1. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5° C or higher at a
depth of 50 ¢m and the moisture regime borders a
xeric regime; and

2. Throughout one or more horizons with a total
thickness of 18 cm or more within 75 em of the soil
surface, one or both of the following:

a. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

b. A fine-earth fraction containing 30 percent or
more particles 0,02 to 2.0 mm in diameter of
which 5 percent or more is volcanic glass, and
[(Al plus 1/2 Fe, percent extracted by ammo-
nium oxalate) times 60] plus the voleanic glass
(percent) is 30 or more.

Vitrixerandic Gypsiargids

FEDD. Other Gypsiargids which have throughout one
or more horizons with a total thickness of 18 cm or
more within 75 cm of the soil surface, one or both of
the following: '
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1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66
percent are cinders, pumice, and pumice-like
fragments; or

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter of which 5
percent or more is volcanic glass, and [(Al plus 1/2
Fe, percent extracted by ammonium oxalate) times
60] plus the voleanic glass (percent) is 30 or more.

Vitrandic Gypsiargids

FEDE. Other Gypsiargids that are dry in all parts of
the moisture control section lees than three-fourths of
the time (cumulative) when the soil temperature at a
depth of 50 ¢m is 5° C or higher and the moisture
regime borders onh a Xeric regime.

Xeric Gypsiargids

FEDF. Other Gypsiargids that are dry in all parts of
the moisture control section for less then three-fourths
of the time (cumulative) that the soil temperature is 5°
C or higher at a depth of 50 cm and the moisture
regime borders on an ustic regime,

Ustic Gypsiargids

FEDG. Other Gypsiargida.
Typic Gypsiargids

Haplargids

Key to subgroup
FEFA. Haplargids which have:

1. Alithic contact within 50 c¢m of the soil surface;
and

2. An argillic horizon that is discontinuous through-
out each pedon,
Lithic Ruptic-Entic Haplargids

FEFB. Other Haplargids which have:

1. Alithic contact within 50 cm of the soil surface;
and

2. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5° C or higher at a
depth of 50 cm and the soil moisture regime
borders on a xeric regime,

Lithic Xeric Haplargids
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FEFC. Other Haplargids which have:

1. Alithic contact within 50 c¢m of the soil surface;
and

2. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5° C or higher at a
depth of 50 em and the moisture regime borders on
an ustic regime.

Lithic Ustic Haplargids

FEFD. Other Haplargids which have a lithic contact
within 50 c¢m of the soil surface,
Lithic Haplargids

FEFE. Other Haplargids which have both:
1. One or both of the following:

a. Cracks within 125 cm of the soil surface that
are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a
layer 15 em or more thick that has its upper
boundary within 125 ¢m of the soil surface; or

b. A linear extensibility of 6.0 cm or more
between the soil surface and either a depth of
100 em or to a densie, lithic, or paralithic
contact, if shallower; and

2. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5°C or higher at a
depth of 50 cm and the moisture regime borders on
a xeric regime,

Xerertic Haplargids

FEFF. Other Haplargids which have both:
1. One or both of the following:

a. Cracks within 125 ¢m of the soil surface that
are 5 mm or more wide through a thickness of
30 cm or more for some time in most years, and
slickensides or wedge-shaped aggregates in a
layer 15 ¢cm or more thick that has its upper
boundary within 125 em of the soil surface; or

b. A linear extensibility of 6.0 cm or more
between the soil surface and either a depth of
100 cm or to a densic, lithic, or paralithic
contact, if shallower; and
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2. A moisture control section that is dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature is 5°C or higher at a
depth of 50 cm and the moisture regime borders on
an ustic regime.

Ustertic Haplargids

FEFG. Other Haplargids that have one or both of the
following:

1. Cracks within 125 em of the soil surface that are 5
mm or more wide through a thickness of 30 ¢m or
more for some time in most years, and slickensides
or wedge-shaped aggregates in a layer 15 cm or
more thick that has its upper boundary within 125
cm of the soil surface; or

2. A linear extensibility of 6.0 cm or more between the
soil surface and either a depth of 100 cm or to a
densic, lithic, or paralithic contact, if shallower.

Vertic Haplargids

FEFH. Other Haplargids that are either:

1. Irrigated and have aquic conditions, for some time
in most years, in one or more layers within 100 em
of the soil surface; or

2. Saturated with water, in one or movre layers within
100 cm of the soil surface, for 1 month or more per
year in 6 or more out of 10 years,

Aquic Haplargids

FEFI. Other Haplargids which have:

1. A sandy or sandy-skeletal particle-size class
throughout a layer extending from the soil surface
to the top of an argillic horizon at a depth of 50 cm
or more; and

2. A moisture control section that ig dry in all parts
for less than three-fourths of the time (cumulative)
when the soil temperature at a depth of 50 cm is
5°C or higher and the moisture regime borders an
ustic regime,

Arenic Ustic Haplargids

FEFJ. Other Haplargids which have a sandy or sandy-
skeletal particle-size class throughout a layer extend-
ing from the soil surface to the top of an argillic
horizon at a depth of 50 cm or mare.,

Arenic Haplargids
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FEFK. Other Haplargids which have:

1. One or more horizons, within 100 em of the soil
surface, that