USDA United States Department of Agriculture
_ Natural Resour ces Conservation Service

Soil Taxonomy

A Basic System of Soil Classification for
Making and Interpreting Soil Surveys

Second Edition, 1999






6

Soil Taxonomy

A Basic System of Soil Classification for Making
and Interpreting Soil Surveys

Second Edition, 1999
By Soil Survey Staff

United States Department of Agriculture Agriculture Handbook
Natural Resources Conservation Service Number 436



The United States Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, gender, religion, age,
disability, political beliefs, sexual orientation, and marital or family status. (Not all
prohibited bases apply to all programs.) Persons with disabilities who require alternative
means for communication of program information (Braille, large print, audiotape, etc.)
should contact USDA's TARGET Center at 202-720-2600 (voice and TDD).

To file acomplaint of discrimination, write USDA, Director, Office of Civil Rights, Room
326-W, Whitten Building, 14th and Independence Avenue, SW, Washington, DC 20250-
9410 or call 202-720-5964 (voice and TDD). USDA is an equal opportunity provider and
employer.

For sale by the Superintendent of Documents, U.S. Government Printing Office
Washington, DC 20402



Table of Contents

OFEVOID ..ot ese s ssse s st se bbbt b bbbt bbb st n st s e
[Chapter 1: The SoilS That WE ClIaSSIfY .......ceueurieeirirciiseisereissie e sesessssesees
Chapter 2:  Soil Taxonomy and SOil ClIaSSIfiCatiON ..........vueeeerrereireerriereessseeeisssesesssseseesssees
Chapter 3. Differentiaefor Mineral Soilsand Organic S0ilS ..........cceveeeeeenrrerseeneseesseeseeees
Chapter 4: Horizons and Characteristics Diagnostic for the Higher Cateqgories ................... 2
Chapter 5. Application of Soil Taxonomy t0 SOil SUIVEYS ..........ceeeerereerireeneseineseeriseenenens 15
Chapter 6: The CategorieS of SOil TAXONOMY, .....vc.veeeeeeeeeeeeeeeeeeeeeseeeseeeeeseeeseseanseeseeeesenens 119
Chapter 7: INOMENCIGEUIE ......ceeeeeeeeeee ettt e et e ee et e et eeeeeeeeeeeeeeeeaeeee et eee et eneeeeeeereneeeeneens 125
Chapter 8: Identification of the Taxonomic Class of @S0ill........cveveveeeeeeeeeeeeeeeeeeeeeeeeeeene 159
CaDEEr  9:  AITISOIS ..ottt ettt ettt e et et e et et e et et et eee et eee e eeeaeeeeaeeeeeeesenneeeeeeeeeeneeeeneens 163
ChapLEr 10: ANGISOIS. ... eeveeeeeeeeee ettt et eee et e e et et e et ete st eeeseeeeeeeeeeeeaeeneteneeteseateeeseeeeneseeanens 271
ChatEr 11:  ATTOISOIS .. ecveeeeee ettt ettt e et e et et e et et e et et eeeeeeeeeeeaeaeeae e ene et eneeeeeeseereneeeeanens 39
CNADEEN 12;  ENLISOIS . ... cveeeeeeeeeee ettt eeeet et et e et eee et ete et eee st eeeseeteseeeeeeeeeaeeeeeneeseneneneeeneneeneneene 3%
CNADEEN 13:  GElISOIS .. vttt ettt et et e et et e et ete et eeeeeeeeeeeeeeeeeeeneaeeneeene et eneaeeeeeeeeeneeeeanens 445
ChaEr 14:  HISEOSOIS .v.eeveeeeeeeeeeeee ettt ee et et et ee et et et eeeteeeeteeeeeeeeeeeee st eee et eeesneneeeeeneeeeeaneenanens 473
ChaEr 15:  INCEIDEISOIS ... veeeee ettt et et et et e e et et e e et eee et eee et eeeeeeetere et eteeeeeeeseeereneeeeseennaneeene 489
Chapter 16:  MOIISOIS ...ttt ettt ettt et e et et et eee et eee et e et ene et eeeeeeeeeeeeeaeeeneeeeeeneeeanens 55
CNADEEN 17:  OXIS0IS ..veeveeeeeeeeeeeeeeeeeeeeee e eeeeeees et eseeeae et eseeesseeeseeeeeeeaseseaseneaseneaseeaneeneseneenesenens 655
Chapter 18:  SPOUOSOIS ....vceeveeeeeeeeeeeee e eee e eeeeteee et et eeetseeeeseeeeeeeeeeeeaseaeaseeeaseneneneseneanensenens 6%
CADEEY 19 UITISOIS «.vveveeeeee ettt et ee et et e et eee et et e et eeeseeeeeeeeeeeeeeeneaeeneeene et eneeeeeeneeeeneeeeanees ol
ChaDEEr 20:  VEITISOIS ... vcveeeeeeeeet ettt ee e et et e et eee et et et eeeeeeeeeeeeeeeeneeeeeese et ene st eeeaeeeeseeeeaeeeeanens 783
Chapter 21:  Family and Series Differentiaf andNAMES .....c.oeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 819
Chapter 22:  S0ilS Of the UNITEO SEAEES ........eeeeeeeeeeeeeeeeeeeeee et e eeeeeeeseeeeeeereenareenereseeneeeenens 837
Chapter 23:  World Distribution of Orders and SUBOIEY'S ........cooveeeeeeeeeeeeee et &1
App ettt ettt ea e et ehe et eae e et eae e At eaeeEeeheeaEeeEeeaEeeReSRe e Rt SaEeeReeaEeeReeREeEeeReeEeeReeteeReeneeneeareeaes 857
= SO

Maps of the United States and of the World







Foreword

The second edition of Soil Taxonomy: A Basic System of
Soil Classification for Making and Interpreting Soil Surveys is
the result of the collective experience and contributions of
thousands of pedologists from around the world.

This new edition includes many improvements. Two new
soil orders, Andisols and Gelisols, are added. Low-activity
clays are defined, and taxa are developed. The Aridisol,
Alfisol, Histosol, Inceptisol, Mollisol, Oxisol, Spodosol, and
Vertisol orders are updated. Aquic conditions, episaturation,
and oxyaquic subgroups are defined. Additions and
improvements are made at the family level.

We are indebted to our many colleagues throughout the
world who contributed soil descriptions and data, comments,
suggestions, and criticisms. We are especially grateful to all of
those who organized and hosted workshops and training
sessions. Many pedologists provided input to the International
Committees (ICOM’s), and we are thankful for their
participation. Although we cannot list everyone who offered
assistance, we do want to acknowledge the chairpersons of the
various ICOM’s,

ICOM Chairperson Institute
Low Activity
Clays....coeenn. Frank Moormann............. Univ. of Utrecht

OXisols.....cccueee. Stan BUol .......coceeeevveeneen. North Carolina
State Univ.

Andisols............. Frank Leamy .........ccccceee. Soil Bureau,
Lower Hutt

Aquic Sails ........ Johan Bouma.................... Agricultural Univ.,
Wageningen

Spodosols........... Robert Rouke.................... Univ. of Maine

Vertisols.............. Juan Comerma................. Univ. Centro
Venezuela

Aridisols............. Ahmed Osman................. Arab Center for
the Studies of
Arid Zones and
Dry Lands

Soil Families......BenHajek ........cccoceeuenee Auburn Univ.

Gelisols.............. James Bockheim............... Univ. of Wisconsin

Although many improvements have been made since
Dr. Guy Smith headed the effort to publish the first edition of
Soil Taxonomy, there are still areas that will require a
concerted effort to improve. The taxonomic system will
continue to evolve as the science matures.

The taxonomic system does not adequately address the
anthropogenic effects on soils. Soils in urban/industrial areas
can be drastically atered by landfills, farming, earth
movement, and heavy metal contamination. Agricultural areas
have undergone erosion, ripping, and land leveling. Drastically
disturbed soils are common in regions where precious metals,
rock aggregate, and fossil fuels have been mined. The
International Committee on Anthropogenic Soils
(ICOMANTH), chaired by Dr. Ray Bryant, is currently
meeting the challenge of developing appropriate taxa for these
unique soils.

Soil moisture regimes and intergrades of soil moisture
regimes need to be better defined. Some of the temperature
regimes need refinement. The International Committee on Soil
Moisture and Temperature Regimes (ICOMMOTR), chaired by
Dr. Ron Pagetzold, is gathering data to make needed
improvements.

The system of soil taxonomy currently does not provide for
paleosols formed under remarkably different
palecenvironments. With age, the properties of soils from
paleo and contemporaneous environments become welded.

Yet, when paleosols are well preserved, they are valuable
proxies of the biological and physiochemical evolution of the
earth. Many paleosols are deeper than the 2 m limit set by the
current system of soil taxonomy. There is now and will
continue to be pressure to observe and classify soils beyond the
2 m limit.

Many pedologists developed proposals, made comments and
suggestions, and reviewed chapters for this second edition.
Because of the concerted effort of many, the author of this
publication is identified as the “ Soil Survey Staff.”

We would like to acknowledge those who helped write
chapters or provide data for figures, maps, and tables. They
include Dr. Arnt Bronger, Dr. Hari Eswaran, Dr. Samuel
Indorante, Dr. John Kimble, Henry Mount, Loya Quandt, Paul
Reich, Sharon Waltman, and Dr. John Witty. Dr. Stanley
Anderson had the arduous task of editing the second edition.
Suzann Meierdierks and Dr. Patricia West provided their able
assistance in the editing and formatting process. Adrian Smith,



Christopher Roll, and Nathan Kress provided invaluable GIS
expertise. Lastly, Dr. Robert Ahrens coordinated the effort. He
and Robert Engel worked tirelessly during the past few yearsto
prepare this edition.

Assistance in acquiring photographs for this publication was
provided by the Kentucky Association of Soil Classifiers; the
Washington Society of Professional Soil Scientists; the
University of Nebraska Press and Andrew A. Aandahl; the
AlaskalYukon Society of Professional Soil Scientists; the
Florida Association of Professional Soil Classifiers; the Society

of Soil Scientists of Southern New England—M assachusetts;
the Kansas Association of Professional Soil Classifiers; the Sail
Classifiers Association of Michigan; the Professional Soil
Classifiers Association of Alabama; the Professional Soil
Scientists Association of Texas; and members of the National
Cooperative Soil Survey.

Horace Smith
Director, Soil Survey Division



CHAPTER 1
The Soils That We Classify

heword “soil,” like many common words, has several

meanings. Initstraditional meaning, soil isthe natural
medium for the growth of land plants, whether or not it has
discernible soil horizons. Thismeaning is till the common
understanding of the word, and the greatest interest in soil is
centered on this meaning. People consider soil important
because it supports plants that supply food, fibers, drugs, and
other wants of humans and because it filters water and recycles
wastes. Soil covers the earth’s surface as a continuum, except on
barerock, in areas of perpetua frost or deep water, or on the
bareice of glaciers. In this sense, soil has athicknessthat is
determined by the rooting depth of plants.

About 1870, a new concept of soil was introduced by the
Russian school led by Dokuchaiev (Glinka, 1927). Soilswere
conceived to be independent natural bodies, each with a unique
morphology resulting from aunique combination of climate,
living matter, earthy parent materials, relief, and age of
landforms. The morphology of each soil, as expressed by a
vertical section through the differing horizons, reflects the
combined effects of the particular set of genetic factors
responsible for its devel opment.

This was arevolutionary concept. One did not need to
depend wholly on inferences from the underlying rocks, the
climate, or other environmental factors, considered singly or
collectively; rather, the soil scientist could go directly to the soil
itself and see the integrated expression of all thesein its
morphology. This concept made it not only possible but also
necessary to consider all soil characteristics collectively, in
terms of acomplete, integrated, natural body, rather than
individually. Thus, the effect of any one characteristic or a
difference in any one depends on the others in the combination.
Experience has shown that no useful generalizations about
single characteristics can be made for all soils. Characteristics
are given weight according to the knowledge gained through
research and experience in soil genesis and the responses of soil
to management or manipulation. Both research in genesisand
the responses of soils have vital roles, but they are themselves
one step removed from the taxonomy of the soil, which is based
on combinations of soil characteristics. In short, the new
concept made pedology possible.

The Russian view of soils as independent natural bodies that
have genetic horizons led to a concept of soil as the part of the
earth’s crust that has properties reflecting the effects of local
and regional soil-forming agents. The solum in that concept is
the set of genetic horizons developed by soil-building forces,

but the parent material beneath is nonsoil. This concept has
limitations. If asolumis1or 2 mthick, thereislittle conflict
between the concept of soil as solum and the concept of soil as
the natural medium for the growth of terrestrial plants. If genetic
horizons are thin or absent and unconsolidated parent material
liesat or only afew centimeters below the surface, thereis
serious conflict between the concepts. Dokuchaiev realized this
conflict and, despite the lack of horizons, included young
alluvium and peat in his classification of soil.

Soil in thistext isanatural body comprised of solids
(minerals and organic matter), liquid, and gases that occurs on
the land surface, occupies space, and is characterized by one or
both of the following: horizons, or layers, that are
distinguishable from theinitial material asaresult of additions,
losses, transfers, and transformations of energy and matter or
the ability to support rooted plantsin a natural environment.
This definition is expanded from the previous version of Soil
Taxonomy to include soilsin areas of Antarcticawhere
pedogenesis occurs but where the climate is too harsh to
support the higher plant forms.

The upper limit of soil isthe boundary between soil and air,
shallow water, live plants, or plant material s that have not begun
to decompose. Areas are not considered to have soil if the
surfaceis permanently covered by water too deep (typically
morethan 2.5 m) for the growth of rooted plants. The horizontal
boundaries of soil are areas where the soil gradesto deep water,
barren areas, rock, or ice. In some places the separation between
soil and nonsoil is so gradual that clear distinctions cannot be
made.

The lower boundary that separates soil from the nonsoil
undernesth is most difficult to define. Soil consists of the
horizons near the earth’s surface that, in contrast to the
underlying parent material, have been altered by the
interactions of climate, relief, and living organismsover time.
Commonly, soil grades at itslower boundary to hard rock or to
earthy materialsvirtually devoid of animals, roots, or other
marks of biological activity. Thelowest depth of biological
activity, however, isdifficult to discern and is often gradual.
For purposes of classification, the lower boundary of soil is
arbitrarily set at 200 cm. In soilswhereeither biological
activity or current pedogenic processes extend to depths greater
than 200 cm, the lower limit of the soil for classification
purposesisstill 200 cm. In someinstances the more weakly
cemented bedrocks (paralithic materials, defined | ater) have
been described and used to differentiate soil series (series
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control section, defined later), even though the paralithic
materials below aparalithic contact are not considered soil in

the true sense. In areas where soil has thin cemented horizons
that are impermeable to roots, the soil extends as deep as the
deepest cemented horizon, but not below 200 cm. For certain
management goals, layers deeper than the lower boundary of the
soil that is classified (200 cm) must also be described if they
affect the content and movement of water and air or other
interpretative concerns.

In the humid tropics, earthy materials may extend to adepth
of many meters with no obvious changes below the upper 1 or 2
m, except for an occasional stoneline. In many wet soils, gleyed
soil material may begin afew centimeters below the surface and,
in some areas, continue down for several meters apparently
unchanged with increasing depth. The latter condition can arise
through the gradual filling of awet basin in which the A horizon
is gradually added to the surface and becomes gleyed beneath.
Finally, the A horizon rests on athick mass of gleyed material
that may be relatively uniform. In both of these situations, there
isno alternative but to set the lower limit of soil at the arbitrary
limit of 200cm.

Soil, as defined in this text, does not need to have discernible
horizons, although the presence or absence of horizons and
their nature are of extremeimportancein soil classification.
Plants can be grown under glassin pots filled with earthy
materials, such as peat or sand, or even in water. Under proper
conditions all these media are productive for plants, but they are
nonsoil here in the sense that they cannot be classified in the
same system that is used for the soils of a survey area, county,
or even nation. Plants even grow on trees, but trees are regarded
as nonsoil.

Soil has many properties that fluctuate with the seasons. It
may be alternately cold and warm or dry and moist. Biological
activity is slowed or stopped if the soil becomes too cold or too
dry. The soil receivesflushes of organic matter when leavesfall
or grasses die. Soil isnot static. The pH, soluble salts, amount of
organic matter and carbon-nitrogen ratio, numbers of micro-
organisms, soil fauna, temperature, and moisture all change with
the seasons aswell aswith more extended periods of time. Soil
must be viewed from both the short-term and long-term
perspective.

Buried Soils

A buried soil is covered with a surface mantle of new soil
material that either is50 cm or morethick or is30to 50 cm 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 that does not have
the required thickness for buried soils can be used to establish a
phase of the mantled soil or even another soil seriesif the mantle
affects the use of the sail.

Any horizons or layers underlying a plaggen epipedon are
considered to be buried.

Soil Taxonomy

A surface mantle of new material, asdefined here, islargely
unaltered, at least in the lower part. It may have a diagnostic
surface horizon (epipedon) and/or a cambic horizon, but it has
no other diagnostic subsurface horizons, al defined later.
However, thereremainsalayer 7.5 cm or morethick that failsthe
requirementsfor all diagnostic horizons, as defined later,
overlying a horizon sequence that can be clearly identified as
the solum of aburied soil in at least half of each pedon. The
recognition of a surface mantle should not be based only on
studies of associated soils.

ThePedon, aUnit of Sampling

Few soil properties can be determined from the surface. To
determine the nature of a soil, one must study its horizons, or
layers. This study requires pits or some means of extracting
samples of material from the surface to the base of the soil. The
visible and tactile properties of samples can be studied in the
field. Soil moisture and temperature regimes are studied by
observations of changes over time at points selected to be
representative. Other properties of a soil must be learned by
studies of samplesin an appropriate place, usually alaboratory.
In other words, one learns about most of the properties of a soil
by studying samples extracted to represent a sampling unit, not
by study of the whole soil body that is classified. A concept of
what to sample must be devel oped before soils can be classified
in amanner that meets the needs of the soil survey, and different
concepts might lead to different classifications. The concept
presented in this text is not the only one possible, and, in fact,
itslogic hasbeen scrutinized (Holmgren, 1988).

A soil commonly isnot uniforminall itsproperties. Variability
may be due to accidents; events that lack definite order, such as
the development of fracturesin ahard rock; variationsin
deposits left by running water; or the placement of seeds by
wind or by animals. The influence of the biotic factorstendsto
produce many examplesof variability in asoil. Burrowing
animals, taprooted plants, falling trees, and plants that collect
different elements do not operate uniformly over large areas. A
filled burrow or atrace left by ataproot can result in holesin
horizonsfilled by contrasting materials. Salts collected by a
desert shrub remain concentrated below the shrub until it dies.
Shrink-swell and freeze-thaw processes are other factors that
contributeto soil variahility.

The transition between two soilsthat differ in aparticular
property or set of properties may be of at least two kinds.
Normally, agiven horizon of one soil disappears over
horizontal distance by agradual weakening of its expression.
However, in some places the horizons become intermittent
either with or without a marked decrease in the strength of
expression. The transitional forms having discontinuous
horizons or horizons that vary greatly in thickness or other
properties are not the rule, but the soils have been troublesome
to classify. One must decide whether the areais one soil in
which ahorizon is discontinuous or variable, or two soils.
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Trouble cannot be avoided by arbitrarily saying that two soils
are present if adiagnostic property or horizon is present in
some spots and not present in others. Some limit of area must
be set. If one setsno limit, avertical hole made by aburrowing
animal would be considered “nonsoil.” 1t would become a soil
when filled or, if acoating were present, the coating would be
considered a soil. Thiswould be absurd. Such a soil could not
support plants, could not have structure, and could not be
sampled for determination of its properties. The view that a
minimum areal limit of “asoil” cannot be set, if carried to the
extreme, leadsto other odd conclusions. For example, if
columns or prismswere present, the exteriors of the prisms
would be different soilsfrom the interiorswherever there are
coatings on the exteriors. In a structureless soil, a definition of
the smallest area of “asoil” as equivalent to the size of the
largest ped would have no meaning. No escape from a
minimum limit to the areaof “asoil” seemspossible. The
concept of the pedon (Gr. pedon, ground; rhymes with head on)
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offersapartial solution to this problem and provides aclear
basis for soil descriptions and for the selection of soil samples.

A pedon has the smallest volume for which one should
describe and sample the soil to represent the nature and
arrangement of its horizons and variability in the properties that
are preserved in samples. A pedon is comparable in some ways
to the unit cell of acrystal. It hasthree dimensions. Its lower
limit isthe somewhat vague limit between the soil and * nonsoil”
below. Itslateral dimensions are large enough to represent the
nature of any horizons and variability that may be present. A
horizon may vary in thickness or in composition, or it may be
discontinuous. The minimal horizontal areaof apedonis
arbitrarily set at 1 m?, but it rangesto 10 m?, depending on the
variability inthe soil.

In the usual situation, where all horizons are continuous and
of nearly uniform thickness and composition, the pedon has a
horizontal area of about 1 m2 Photo 1 showsthe normal
situation in which horizons are continuous and relatively

Photo 1.—A soil that has continuous horizons, in an area of Wyoming.
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Photo 2.—A sandy soil near Brugge, Belgium.

uniformin thickness over considerable areas. Themollic
epipedon and calcic horizon extend for hundreds of metersin
areas of this Wyoming landscape. Each pedon includes the
range of variability that is present in asmall volume. The pedon
isroughly polygonal. Onelateral dimension does not differ
greatly from any other. The size of a pedon can be determined
only by examination of avolumethat isappreciably larger than
the pedon.

Where horizons areintermittent or cyclic and recur inlinear
intervals of 2to 7 m (roughly 7 to 23 ft), the pedon includes one-
half the cycle. Thus, each pedon includes the range of variability
that occurs within these small areas, but not necessarily the total
variability included in other similar pedons studied over alarge
area. Wherethe cycleislessthan 2 m, the horizontal areaof a
pedonistheminimumsize, 1 m2,

Depending on the concept of soil and of the pedon, there
could be different classifications of the soils. With the concept
of soil and of the pedon that is outlined here, the pedons of
some soils may include markedly differing sequences of

horizons. The following examples clarify the concept of a pedon
that has intermittent horizons.

Photo 2 illustrates asoil near Brugge, Belgium, in an areathat
is covered by eolian sand of Wisconsin (Wurm) age. The plow
layer, 35 cmthick, isvery dark brown fine sand or loamy fine
sand. Most sand grains are free of visible coatings. The lower
boundary of the plow layer is abrupt and irregular and shows
many clear spade marks.

The next layer is adiscontinuous B horizon that consists of
at least three materials. Thefirst of theseisdark brown (7.5YR
3/4, moist) fine sand with nodules. The nodules range from
about 5to 20 cmin diameter and arefirm or friablein theinterior
but have avery firm crust about one-half cm thick. The crust has
stronger chroma and redder hue than the interior, suggesting the
segregation of iron. Theinteriors of the nodules are free of
roots.

The second material isvery friable, massive, grayish brown
(10Y R 5/2, moist) fine sand that has many fine fibrousroots. It
would normally be considered parent material, the C horizon,
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Photo 3.—A soil in the Yukon Territory of Canada.

where it underlies the nodules of the B horizon; however, it
surrounds the nodules and continues down with little change to
athin layer of buried muck that has been dated by radiocarbon
asAllerod (Two Creeks), about 11,000 years B.P.

Thethird material isvery friable, massivefinesand that is
present in gross, more or less tubular formsas much as60 cmin
diameter. The sand is similar to the second material in color but
has many weak, fine dark gray and very dark gray lamellae or
fibersthat are comparable to those in or below the B horizon of
the sandy soils formed under heath.

The history of this soil has been studied by the staff of the
Institutefor Soil Survey, IRSIA, Ghent.t While under forest,
the soil was brown and had no clearly expressed eluvial or
illuvial horizons. After clearing of the forest and invasion of
the heather (Calluna vulgaris), adark coloredilluvial horizon
that contained amorphous compounds or mixtures of organic
meatter, iron, and aluminum (see spodic horizon) formed.

During the 17th and 18th centuries, flax became an important
crop in Flanders, and the linen was woven in the farm homes

1 Personal communication from R. Tavernier.

inthewinter. To obtain high yields of high-quality flax, large
amounts of manure and chalk were applied to thefields. The
influence of the calcium and nitrogen was to destroy the B
horizon of amorphous materials, first in spots and then
completely. Photo 2 shows that the B horizon has been partly
destroyed. Because discontinuous horizons recur at intervals of
lessthan 1 m, the pedon has an area of 1 m

The processes of either formation or destruction of many
horizons may not operate uniformly and may first produce
intermittent horizons. In places the forces operate with
remarkable uniformity and produce faint but continuous
horizons. Genetically, therefore, the discontinuous horizons can
have significance equivalent to weakly expressed but
continuous horizons.

Many cold soils are subject to physical disturbance as a
result of freezing and thawing. The forces generated through
freezing often produce cyclic or intermittent horizons. Photo 3
showsasoil from the Yukon Territory of Canada. The small
orange sgquares mark the boundary between permafrost and the
active layer. The organic layer isabout 40 cm thick in the low-
lying areas and about 20 cm thick in the areas of higher
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microrelief. This pattern isrepeated at linear intervals of about
1m. Thepedonin photo 3is1 m? Soil taxonomy hastaxaat
the subgroup level of Gelisolsto deal with therangein
thickness of the organic layers.

Although every pedon can be classified, not every pedon
need be classified. The pedon should represent a segment of the
landscape. Sometimes, pedons that represent a segment of the
landscape are referred to as polypedons. Soil scientists should
try to sample, characterize, and classify representative pedons.
Soil taxonomy providesameansof comparing, describing, and
differentiating these various pedons.

Summary

Since the genesis of a soil may not be understood or may be
disputed, it can be used only as a guide to our thinking in
selecting criteriaand forming concepts. Generally, amore or
less arbitrary definition of a pedon serves the purpose of
classification better at thistime than a genetic one. For that
reason, the following definition isused: A pedonisathree-
dimensional body of soil that has lateral dimensionslarge

enough to include representative variations in the shape and
relation of horizons and in the composition of the soil. Its
horizontal arearangesfrom 1 to 10 n?, depending on the
nature of the variability in the soil, and its volume varies,
depending on the depth of the soil. Where the cycle of
variationsislessthan 2 mlong and where al horizons are
continuous and of nearly uniform thickness, the pedon has a
horizontal areaof approximately 1 m2 Where horizonsor
other properties are intermittent or cyclic and recur at linear
intervals of 2to 7 m, the pedon includes one-half of the cycle.
If horizonsare cyclic but recur at intervals of morethan 7 m,
the pedon revertsto an area of approximately 1 m? and more
than one soil is usually represented in each cycle.
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Soil Taxonomy and Soil Classification

he primary objective of soil taxonomy isto establish

hierarchies of classes that permit us to understand, as
fully as possible, the relationship among soils and between
soils and the factors responsible for their character. A second
objective isto provide a means of communication for the
discipline of soil science. Soil taxonomy was originally
developed to serve the purposes of soil survey. During the last
few decades, it has evolved into a means of communication in
soil science.

Taxonomy is a narrower term than classification.
Classification includes taxonomy, but it also includes the
grouping of soils according to limitations that affect specific
practical purposes, such as the soil limitations affecting the
foundations of buildings. Taxonomy is the part of classification
that is concerned primarily with relationships. Classifications
are contrivances made by humans to suit their purposes. They
are not themselves truths that can be discovered. A perfect
classification would have no drawbacks when used for the
purpose intended. Each distinctly different purpose, to be
served best, demands a different classification.

For the different purposes of the soil survey, classes are
needed that can be grouped or subdivided and regrouped to
permit the largest number and the most precise predictions
possible about responses to management and manipul ation.
Consequently, not one but many classifications can be drawn
from the basic taxonomy. Flexibility in the classes of the
taxonomic system is achieved by the use of phases and by the
nomenclature. The phases are used to subdivide taxa according
to the practical needs for the purposes of a particular survey or
interpretation. They are discussed later in this chapter.
Flexibility in the hierarchy permits grouping taxa into
successively smaller numbers as one goes from lower to higher
categories. For some purposes it is useful to group taxa that
have been separated at a higher level in the system. For
example, one might want a group that includes all soils that
are waterlogged for extended periods. For other purposes one
might want a group comprised of all soilsthat have a B
horizon affected by sodium or of al soils that have a fragipan
or permafrost. Some soils might be in several of these groups,
so that no matter how a single hierarchy is arranged, it is not
possible to have all desired groups. Therefore, no single
hierarchy can best serve all our purposes. The way we attain
flexibility in the hierarchy is explained in the discussion of the
nomenclature.

As knowledge expands, new facts or closer approximations

of truths not only make improvements in classification possible
but also make some changes imperative. Thus, classifications
are not static but require change as knowledge expands.

Since the original edition of Soil Taxonomy was published in
1975, eight international committees have made proposals

that have been approved and incorporated. These committees
include the International Committee on Low Activity Clays
(ICOMLAC), the International Committee on Oxisols
(ICOMOX), the International Committee on Andisols
(ICOMAND), the International Committee on Spodosols
(ICOMOQOD), the International Committee on Aquic Moisture
Regimes (ICOMAQ), the International Committee on Vertisols
(ICOMERT), the International Committee on Aridisols
(ICOMID), the International Committee on Families
(ICOMFAM), and the International Committee on Permafrost-
Affected Soils ICOMPAS).

Taxonomy of soilsisa controversial subject. In part,
controversy reflects differences in the purposes for which
taxonomic classifications are made and differences in concepts
of soil aswell as differencesin opinion about the taxonomy of
soils. One cannot say that one taxonomic classification is better
than another without reference to the purposes for which both
were made, and comparisons of the merits of taxonomies made
for different purposes can be useless.

The Attributes of Soil Taxonomy

Soil surveys require many nontaxonomic classifications that
can be related to the real bodies of soil and that facilitate
comparisons of both similarities and differences among them
for agreat variety of purposes. These classifications are used to
determine whether experience at one location is applicable to
the soils of other locations. The classifications may have to be
used by a pedologist to apply the experience of others for soils
that are unfamiliar. Many persons with diverse backgrounds
and training are expected to use the classifications accurately to
transfer experience with the behavior of soils under a variety of
uses. These intended uses of the classifications impose some
specific requirements on the taxonomy that stands behind the
classifications. The attributes of soil taxonomy are described in
the following paragraphs.

First, the definition of each taxon carries as nearly as
possible the same meaning to each user. Definitions in soil
taxonomy are operational. It is insufficient to say that the soils
in one taxon are differentiated from others by high organic-
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matter content because what is considered high in one place
may be considered low in another. The disadvantage of
definitions, of course, is that distinctions are made that may
not be meaningful for every conceivable use of the soil. Only by
operational definitions can competent pedologists with diverse
backgrounds arrive at the same classification of the same kind
of soil.

Second, soil taxonomy is a multicategoric system. Many
taxa are needed in the lower categories because many
properties are important to the use of a soil. Specific properties
can vary independently of others, and their importance depends
on their combination with other properties. Taxa in the lower
categories, therefore, must be defined as specifically as possible
in terms of many properties. This requirement results in more
taxa in the lower categories than the mind can comprehend.
Consequently, the taxa must be grouped on some rational basis
into progressively smaller numbers of classes of higher
categories in a manner that permits the mind to grasp the
concepts and relationships of all taxa. The mind readily grasps
5to 12 items, but it cannot deal simultaneously with 100 to
1,000 items without some ordering principle. Higher categories
are necessary for organizing and understanding the lower
categories and, in addition, they can be useful in comparing
soils of large areas. They have only limited value for
transferring experience to a specific site for a specific use.

Third, the taxa represent real bodies of soil that are known to
occupy geographic areas. Pedologists are concerned with
mapping real bodies of soil, and a classification related to these
real bodiesfacilitatesthe mapping (Cline, 1963). Soil taxonomy
does not try to provide for all possible combinations of
properties because the classification of kinds of soil that have
not been studied should not be prejudiced by a closed system
that coversall contingencies. Rather, soil taxonomy provides a
means to recognize new taxa when discovery leadsto new
combinations of properties important to our purposes.

Fourth, differentiae are soil properties that can be observed
in the field or that can be inferred either from other properties
that are observable in the field or from the combined data of
soil science and other disciplines. Some of the most important
properties of the soil are chemical properties, and soil
taxonomy uses criteria in some taxa based on laboratory
measurements. Often data from laboratory measurements can
be interpolated to other areas, or pedol ogists discover physical
or morphological properties that reflect chemical
characteristics. Soil temperature, soil moisture, and other
properties that fluctuate with the seasons are difficult to use in
taxonomy unless they can be inferred by reasoning from the
combined data of soil science and other disciplines, such as
meteorology. Soil mineralogy can usually be inferred by
reasoning from the combined data of soil science and geology.
If there are no data that permit inferences about important but
invisible soil properties, it is probably best to defer classifying a
soil until some knowledge of its important propertiesis
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available. A classification that isbased on extremely limited
knowledge of an object haslittle utility.

Fifth, soil taxonomy is capable of modification to
accommodate new knowledge with a minimum of disturbance.
Taxa can be added or combined in any category without
disturbance of the rest of the system at the same or a higher
categorical level. If the highest category includes a number of
taxa defined by a variety of properties, the number can be
increased or decreased by combining or subdividing taxa
whenever experience convinces us that thisis advisable. If one
taxon in the highest category is divided, no othersin that
category need be affected. If two or parts of two are combined,
only those two or those parts are affected. Obvioudly,
combining taxa at a high level changes classes of lower
categories if they are members of those taxa. Adding taxa may
have no effect on the lower categories if the soils concerned
were not previously included in the system. If the addition isa
consequence of combining classes, it affects the lower
categories.

Sixth, the differentiae keep an undisturbed soil and its
cultivated or otherwise human-modified equivaents in the
same taxon insofar as possible. Changes produced by a single
or repeated plowing that mixes the surface soil to a depth of 18
to 25 cm (7 to 10 in), for example, have the least possible effect
on the placement of a soil in soil taxonomy. Truncation by
erosion does not change the classification of a soil until
horizons or diagnostic features important to the use or
identification of the soil have been lost. Consequently, insofar
as possible, the diagnostic horizons and features should be
those below the part of the soil affected by human activities.
However, significant changes in the nature of the soil by
humans cannot be ignored.

Seventh, soil taxonomy is capable of providing taxa for all
soils on alandscape. Soils form a continuum. The continuum
is broken into a reasonable number of segments that have
limited and defined ranges in properties so that quantitative
interpretations of soil behavior can be made.

Eighth, soil taxonomy provides for all soils that are known,
wherever they may be. Many kinds of soil are poorly
represented or are unknown in the United States. A system that
includes all known soils helps us to see the soils of the United
States in better perspective, particularly if akind of soil is
poorly represented or is very extensive. It also helps us to draw
on experience in other countries with kinds of soil that are
poorly represented or are not extensive in the United States as a
whole but that are extensive locally.

Sdlection of Differentiae

To serve the purpose of the soil survey, the pedon should be
classified by its own properties and the taxa defined strictly in
terms of soil properties. In soil definitions, a given property,
such as particle-size distribution or pH, cannot be treated in an
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identical way for all soils. The significance of adifferencein any
one property depends on the others in the combination that
makes a soil of a certain kind.

Soil color and the soil horizons are obvious properties that
have been used as differentiating characteristics at high
categoric levelsin most taxonomies. Color per se seemsto
have no accessory characteristics. For example, if one
considers all the soils that have brown color, no statement can
be made about them except that they are brown. There are
accessory characteristics for some colors in combination with
other properties, and the use of color as a differentiating
characteristic should be limited to these situations. A more
useful classification can be devised if properties that have more
accessory properties than color are used as differentiae in the
highest categories.

Soil horizons are the result of the dominance of one or more
sets of processes over other processes through time. The
processes themselves are not now suitable for use as
differentiae. The illuviation of clay, for example, cannot be
observed or measured in a soil. If illuviation has been a
significant process in the genesis of a soil, however, there
should be marks in the soil that indicate this process. These
marks need not be the same everywhere, but if the proper
marks are selected, the classification can reflect the dominance
of illuviation over other processes, such as those that mix
horizons and those that prevent the movement of clay.

The nature of the horizons is useful in defining the taxa of
soils that have horizons but is useless for soils that do not have
them. Of course, the absence of horizonsisitself a mark of
significance. Many important properties of soils, however, are
not necessarily reflected by the combinations of horizons, and
many important processes do not themselves produce horizons.
Intensive mixing of soil by animals can destroy horizons. The
leaching of bases, particularly calcium, and the cycling of bases
by plantsin humid climates can be reflected by changes in base
status with increasing depth but can be independent of the
kinds of horizons in a soil. The horizons, therefore, are not the
sole differentiating characteristics in defining taxa.

Some soil properties influence or control specific processes
and, through them, the genesis of the soil. Silicate clays cannot
form in a soil composed entirely of quartz, and apparently they
do not form if a soil istoo cold. The soil moisture regime
influences the base status of a soil and the formation of
horizons with an accumulation of illuvial clay or of carbonates.
These are examples of soil properties that are causes of other
properties and that require consideration when properties are
selected to be used as differentiae for taxa

The differentiae should be soil properties, but the most
useful properties for the higher categories may be either those
that result from soil genesis or those that affect soil genesis
because they have the greatest number of accessory properties.
For example, the clay percentage in soils commonly increases
and then decreases with increasing depth. In many soils
differences in the content of clay are the result of eluviation
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and illuviation. In other soilsthey may be only the result of
stratification of the materials in which the soils developed. If
the horizons are genetic, they have accessory properties,
although the accessory properties may vary with the kind of
soil. If the climate is humid, the eluvial horizons and at |east
part of theilluvial horizons are free of finely divided
carbonates because carbonates tend to immobilize clay and
because the leaching required to form an illuvia horizon is
greater than the leaching required to dissolve and remove the
carbonates. Time of the order of some thousands of years
without significant erosion is required. During this time there
is opportunity for nutrients used by plants to be systematically
concentrated in various horizons. In soils that formed under
grass in humid temperate regions, phosphorus seems to be
concentrated in the surface horizons, a considerable part of it
in organic compounds.

If the clay distribution in a soil is due solely to stratification
of parent materials, few other statements can be made about
that soil. The soil may be calcareous or acid. This example
illustrates why properties that are the result of soil genesis or
that affect soil genesis are important. They have accessory
properties. Some of the accessory properties are known, but it
is likely that many are still unknown.

In soil surveys the pedologist is commonly concerned with
finding the boundaries between map units. The boundaries are
in places where there has been or is a difference in one or more
of the factors that control soil genesis. The mapper learns to
look for these places and uses a knowledge of soil genesisto
improve the accuracy and efficiency of mapping. Genesisis
fundamental to soil taxonomy and to the soil survey. Genesis
itself, however, is unsuitable for direct use in soil taxonomy.
Because the genesis of a soil cannot be observed or measured,
pedol ogists may have widely differing opinions about it, and
the classification of a given pedon is affected by the
background of the pedologist.

Forming and Defining Taxa

When forming and defining the taxa, one must consider all
the known properties, although only afew can be
differentiating. The differentiating properties should be the
ones that are the most important for our purposes or that have
the most important accessory characteristics.

Research and experience indicate that some properties are
important to plant growth. Soil taxonomy attempts to make the
most important statements possible about the taxa. Those
properties that are important to plant growth and that result
from or influence soil genesis are considered in the higher
categories. Those that are important to plant growth but are
unrelated to genesis should be considered only for the lowest
categories. For example, in soils that are only slightly
weathered, the nature and amount of clay may be the result of
geologic accidents. If the differences are not extreme, the
course of soil genesisis not necessarily affected. Although the
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difference betweenillite and smectite isimportant to plant
growth, it is used as a differentiating characteristic only at a
low category in the system, the family.

Determining the similarities among soils is not always a
simple matter. There may be similarity in particle-size
distribution to the members of one taxon and in base status to
the members of another. One must decide which property is the
more important, and this decision must rest on the nature of
the statements that one can make about the classes if the kind
of soil is grouped one way or the other. The best grouping
determines the definition; the definition does not determine the
grouping. If the grouping has imperfections, so does the
definition. The statements are about the nature of the soils and
the interpretations that can be made for the various phases of a
taxon. Interpretations are predictions of the consequences of
specific uses of soils, commonly in terms of plant growth under
specified systems of management but also in terms of
engineering soil behavior after a given manipulation.
Interpretations of the soils indicate the reasonable alternatives
for their use and management and the expected results. The
best grouping is one that helps us to make the most precise and
most important interpretations. Soil taxonomy must continue to
be tested by the nature of the interpretations that can be made.

The taxonomic classification used in soil surveysrequires
flexibility in the classes. It is commonly necessary to subdivide
taxa and regroup those subdivisions into new classes of another
classification for the greatest number and most precise
interpretations possible. Soil taxonomy was designed to
facilitate interpretations, but the interpretations themselves
require at least one additional step of reasoning (Cline, 1963).
The interpretations may also require information that is not
available from the taxonomy. Slope and stoniness are soil
characteristics that must be known or assumed for one to
predict consequences of farming with heavy machinery.
Invasions of locusts, hurricanes, or frequent hailstorms are not
soil characteristics, but their probability must be known or

assumed when crop yields are predicted. These and other
important characteristics may be used as bases for defining
phases of taxa that are necessary for interpretations for
specific fields or farms. The phases are not a part of the
taxonomy. Their nature is determined by the foreseeable
uses of the soilsin a particular survey area. Quite different
phases might be differentiated for the same soils in an area of
general farming in contrast to a national forest or an area
being developed for housing and in an irrigated area in
contrast to the desert grazing land that is above the irrigation
canal. The phases represent a number of classifications
superimposed on the taxonomic classification to give part of
the flexibility that is needed for the wide variety of uses made
of sail.

Inevitably, the conclusions of alarge group of scientists
include some compromises of divergent points of view.
Members of a group representing unlike interests and
experience are likely to see soils differently. Different points
of view about soil produce different ideas about its
classification. Consequently, compromises between the
conflicting desires of a number of individuals not only are
necessary but also are likely to produce a system that has more
genera utility than a system that represents a single point of
view. Compromise may not be the exact word. The truth has
many facets; each person has a somewhat different view of the
truth, and no person can see the whole truth clearly. Soil
taxonomy allows changes in the system as new information
about soils becomes available. Since its inception, soil
taxonomy has been amended many times. Probably, no one
person will approve of al the details of these changes; few will
be able to agree on all the changes.
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Differentiae for Mineral Soilst and Organic Soils

gl taxonomy differentiates between mineral soils and
rganic soils. To do this, first, it is necessary to
distinguish mineral soil material from organic soil material.
Second, it is necessary to define the minimum part of a soil
that should be mineral if a soil isto be classified as a mineral
soil and the minimum part that should be organic if the soil is
to be classified as an organic soil.

Nearly all soils contain more than traces of both mineral
and organic components in some horizons, but most soils are
dominantly one or the other. The horizons that are less than
about 20 to 35 percent organic matter, by weight, have
properties that are more nearly those of mineral than of organic
soils. Even with this separation, the volume of organic matter
at the upper limit exceeds that of the mineral material in the
fine-earth fraction.

Mineral Soil Material

Mineral soil materia (less than 2.0 mm in diameter) either:

1. Issaturated with water for less than 30 days (cumulative)
per year in normal years and contains less than 20 percent (by
weight) organic carbon; or

2. Issaturated with water for 30 days or more cumulative in
normal years (or is artificially drained) and, excluding live
roots, has an organic carbon content (by weight) of:

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

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

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

Organic Soil Material

Soil material that contains more than the amounts of
organic carbon described above for mineral soil material is
considered organic soil material.

In the definition of mineral soil material above, material
that has more organic carbon than in item 1 is intended to

1 Mineral soilsincludeall soilsexcept the suborder Histelsand the order Histosols.

include what has been called litter or an O horizon. Material
that has more organic carbon than in item 2 has been called
peat or muck. Not all organic soil material accumulates in or
under water. Leaf litter may rest on alithic contact and support
forest vegetation. The soil in this situation is organic only in
the sense that the mineral fraction is appreciably less than half
the weight and is only a small percentage of the volume of the
soil.

Distinction Between Mineral Soilsand Organic
Soils

Most soils are dominantly mineral material, but many
mineral soils have horizons of organic material. For simplicity
in writing definitions of taxa, a distinction between what is
meant by a mineral soil and an organic soil is useful. To apply
the definitions of many taxa, one must first decide whether the
soil ismineral or organic. An exception is the Andisols
(defined later). These generally are considered to consist of
mineral soils, but some may be organic if they meet other
criteriafor Andisols. Those that exceed the organic carbon
limit defined for mineral soils have a colloidal fraction
dominated by short-range-order minerals or aluminum-humus
complexes. The mineral fraction in these soilsis believed to
give more control to the soil properties than the organic
fraction. Therefore, the soils are included with the Andisols
rather than the organic soils defined later as Histosols.

If asoil has both organic and mineral horizons, the relative
thickness of the organic and mineral soil materials must be
considered. At some point one must decide that the mineral
horizons are more important. This point is arbitrary and
depends in part on the nature of the materials. A thick layer of
sphagnum has a very low bulk density and contains less
organic matter than athinner layer of well-decomposed muck.
It is much easier to measure the thickness of layersin the field
than it is to determine tons of organic matter per hectare. The
definition of a mineral soil, therefore, is based on the thickness
of the horizons, or layers, but the limits of thickness must vary
with the kinds of materials. The definition that follows is
intended to classify as mineral soils those that have both thick
mineral soil layers and no more organic material than the
amount permitted in the histic epipedon, which is defined in
chapter 4!

In the determination of whether a soil is organic or mineral,
the thickness of horizons is measured from the surface of the
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soil whether that is the surface of a mineral or an organic
horizon, unless the soil is buried as defined in Thus,
any O horizon at the surface is considered an organic horizon
if it meets the requirements of organic soil material as defined
later, and its thickness is added to that of any other organic
horizons to determine the total thickness of organic soil
materials.

Definition of Mineral Soils

Mineral soils are soils that have either of the following:

1. Mineral soil materials that meet one or more of the
following:

a. Overlie cindery, fragmental, or pumiceous materials
and/or have voids? that are filled with 10 percent or less
organic materials and directly below these materials have
either a densic, lithic, or paralithic contact; or

b. When added with underlying cindery, fragmental, or
pumiceous materials, total more than 10 cm between the soil
surface and a depth of 50 cm; or

c. Constitute more than one-third of the total thickness of
the soil to adensic, lithic, or paralithic contact or have a
total thickness of more than 10 cm; or

d. If they are saturated with water for 30 days or more per
year in normal years (or are artificially drained) and have
organic materials with an upper boundary within

40 cm of the soil surface, have atotal thickness of either:

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

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

2. More than 20 percent, by volume, mineral soil materials
from the soil surface to a depth of 50 cm or to a glacic layer or
adensic, lithic, or paralithic contact, whichever is shallowest;
and

2 Materialsthat meet the definition of cindery, fragmental, or pumiceous but have more
than 10 percent, by volume, voidsthat arefilled with organic soil materialsare considered to be
organic soil materials.

a  Permafrost within 100 cm of the soil surface; or

b. Gelic materials within 100 cm of the soil surface and
permafrost within 200 cm of the soil surface.

Definition of Organic Soils

Organic soils have organic soil materials that:

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

2. Meet one or more of the following:

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

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

c. Constitute two-thirds or more of the total thickness of
the soil to adensic, lithic, or paralithic contact and have no
mineral horizons or have mineral horizons with a total
thickness of 10 cm or less; or

d. Are saturated with water for 30 days or more per year in
normal years (or are artificially drained), have an upper
boundary within 40 cm of the soil surface, and have atotal
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 g/cm®; or

(2) 40 cm or moreif they consist either of sapric or
hemic materials, or of fibric materials with less than
three-fourths (by volume) moss fibers and a bulk density,
moist, of 0.1 g/cm?® or more; or

e. Are 80 percent or more, by volume, from the soil
surface to a depth of 50 cm or to a glacic layer or adensic,
lithic, or paralithic contact, whichever is shallowest.

It isagenera rule that a soil is classified as an organic soil
(Histosol) if more than half of the upper 80 cm (32 in) of the
soil is organic or if organic soil material of any thickness rests
on rock or on fragmental material having interstices filled with
organic materials.
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Horizons and Characteristics Diagnostic for the Higher Categories

his chapter defines the horizons and characteristics of

both mineral and organic soils. It isdivided into three
parts—horizons and characteristics diagnostic for mineral soils,
characteristics diagnostic for organic soils, and horizons and
characteristics diagnostic for both mineral and organic soils.

The four highest categories of this taxonomy, in order of
decreasing rank and increasing numbers of taxa, are
distinguished by the presence or absence or avariety of
combinations of diagnostic horizons and characteristics. The
categories themselves are described in

The horizons and characteristics defined below are not in a
key format. Some diagnostic horizons are mutually exclusive,
and some are not. An umbric epipedon, for example, could not
also be amoallic epipedon. A kandic horizon with clay films,
however, could also meet the definition of an argillic horizon.

A soil horizonisalayer that iscommonly parallel to the soil
surface. In some orders, such as Gelisols, Vertisols, and
Spodosols, however, horizons are not always parallel to the
surface. A horizon has some set of properties that have been
produced by soil-forming processes, and it has some properties
that are not like those of the layers directly above and beneath
it (USDA, SCS, 1993). A sail horizon commonly isdifferentiated
from the horizons adjacent to it partly by characteristics that can
be seen or measured in the field, such as color, structure, texture,
rupture-resistance class, and the presence or absence of
carbonates. Inidentifying asoil horizon, however, measurements
inthelaboratory are sometimes required to supplement field
observations. According to the criteriawe use, horizons are
identified partly by their own morphology and partly by
properties that differ from those of the overlying and underlying
horizons.

Many of the layers that are differentiae for organic soils do
not meet the definition of soil horizons. Unlike the layers of
soil that are commonly called horizons, they are layers that
formed in differing environments during the period when the
materials that now constitute the soils accumulated. Some of
the layers that serve as differentiae are soil horizons, but there
are no operational methods that can always distinguish
between “horizons’” and “layers’ that have similar properties.
The importance of making a distinction between horizons and
layers of organic soils is unknown. In the discussion that
follows, the term “soil material” is commonly used as a
broader term that includes both horizons and layers in organic
soils.

The horizon designations used in this chapter are defined in

the Soil Survey Manual (USDA, SCS, 1993) and the Keysto Soil
Taxonomy (USDA, NRCS, 1998).

Horizonsand Char acteristics
Diagnostic for Mineral Soils

The criteria for some of the following horizons and
characteristics, such as histic and folistic epipedons, can be met
in organic soils. They are diagnostic, however, only for the
mineral soils.

Diagnostic SurfaceHorizons: The
Epipedon

The epipedon (Gr. epi, over, upon, and pedon, soil) isa
horizon that forms at or near the surface and in which most of
the rock structure has been destroyed. It is darkened by organic
matter or shows evidence of eluviation, or both. Rock structure
as used here and in other places in this taxonomy includes fine
gtratification (less than 5 mm) in unconsolidated sediments
(eolian, aluvial, lacustrine, or marine) and saprolite derived
from consolidated rocks in which the unwesthered minerals
and pseudomorphs of weathered minerals retain their relative
positions to each other.

Any horizon may be at the surface of a truncated soil. The
following section, however, is concerned with eight diagnostic
horizons that have formed at or near the soil surface. These
horizons can be covered by a surface mantle of new soil
material. If the surface mantle has rock structure, the top of the
epipedon is considered the soil surface unless the mantle meets
the definition of buried soilsin If the soil includes a
buried soil, the epipedon, if any, is at the soil surface and the
epipedon of the buried soil is considered a buried epipedon and
is not considered in selecting taxa unless the keys specifically
indicate buried horizons, such as those in Thapto-Histic
subgroups. A soil with a mantle thick enough to have a buried
soil has no epipedon if the soil has rock structure to the
surface or hasan Ap horizon less than 25 cm thick that is
underlain by soil material with rock structure. Themelanic
epipedon (defined below) is unique among epipedons. It forms
commonly in volcanic deposits and can receive fresh deposits of
ash. Therefore, this horizon is permitted to have layers within
and above the epipedon that are not part of the melanic
epipedon.
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A recent aluvial or eolian deposit that retains stratifications
(5mm or lessthick) 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 al of anilluvial B horizon if the darkening by
organic matter extends from the soil surface into or through the
B horizon.

Anthropic Epipedon

The anthropic epipedon has the same limits as the mollic
epipedon in color, structure, and organic-carbon content. It
formed during long-continued use of the soil by humans, either
as a place of residence or as a site for growing irrigated crops.
In the former case, disposal of bones and shells has supplied
calcium and phosphorus and the level of phosphorus in the
epipedon is too high for a mollic epipedon. Such epipedons
occur in the humid parts of Europe, the United States, and
South America and probably in other parts of the world, mostly
in kitchen middens. The high level of phosphorus in the
anthropic epipedons is not everywhere accompanied by a base
saturation of 50 percent or more, but it is accompanied by a
relatively high base saturation if compared with the adjacent
soils.

In arid regions some long-irrigated soils have an epipedon
that is like the mollic epipedon in most chemical and physical
properties. The properties of the epipedon in these areas are
clearly the consequence of irrigation by humans. Such an
epipedon is grouped with the anthropic epipedons, which
developed under human habitation. If not irrigated, such an
epipedon is dry in all its parts for more than 9 months in
normal years. Additional data about anthropic epipedons from
several parts of the world may permit future improvementsin
this definition.

Required Characteristics

In summary, the anthropic epipedon shows some evidence of
disturbance by human activity and meets al of the
requirements for a mollic epipedon, except for one or both of
the following:

1. 1,500 milligrams per kilogram or more P,O, solublein 1
percent citric acid and a regular decrease in P,O, to a depth of
125 cm; or

2. If the soil is not irrigated, all parts of the epipedon are dry
for 9 months or more in normal years.

Folistic Epipedon

Thefolistic epipedon consists of organic material (definedin
unless the soil has been plowed. This epipedon
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normally is at the soil surface, although it can be buried. If the
soil has been plowed, the organic-carbon requirements are lower
than the requirements for organic soil material because of the
need to accommodate the oxidation that occurs when the soil is
plowed. Folistic epipedons occur primarily in cool, humid
regions of the world. They differ from histic epipedons because
they are saturated with water for less than 30 days (cumul ative)
innormal years (and are not artificially drained). Taxafor soils
with folistic epipedons above the series level are not currently
recognized in thistaxonomy. The folistic epipedon is used only
with mineral soils.

Required Characteristics

Thefolistic epipedon is defined as alayer (one or more
horizons) that is saturated for less than 30 days (cumulative) in
normal years (and is not artificially drained) and either:

1. Consists of organic soil materia that:

a. 1s20 cm or more thick and either contains 75 percent or
more (by volume) Sphagnum fibers or has a bulk density,
moist, of less than 0.1; or

b. 1s15 cm or more thick; or

2. Isan Ap horizon that, when mixed to a depth of 25 cm,
has an organic-carbon content (by weight) of:

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

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

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

clay.

Most folistic epipedons consist of organic soil material

(defined in chapter 3). Item 2 provides for a folistic epipedon
that is an Ap horizon consisting of mineral soil material.

Histic Epipedon

The histic epipedon 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 is characterized by
saturation and reduction for some time in normal years or has
been artificially drained. It is normally at the soil surface,
although it can be buried.

Photo 4 shows a very dark histic epipedon that is saturated
for long periods and meets criterion 1 below.

Required Characteristics

The histic epipedon is a layer (one or more horizons) that is
characterized by saturation (for 30 days or more, cumulative)
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and reduction for sometimeduring normal years (or isartificially
drained) and either:

1. Consistsof organic soil material that:

a. 1s20to 60 cm thick and either contains 75 percent or
more (by volume) Sphagnum fibers or has a bulk density,
moist, of less than 0.1; or

b. 1s20to 40 cm thick; or

2. Isan Ap horizon that, when mixed to a depth of 25 cm,
has an organic-carbon content (by weight) of:

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

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

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

Most histic epipedons consist of organic soil material
(defined in Item 2 provides for a histic epipedon
that is an Ap horizon consisting of mineral soil material. A
histic epipedon consisting of mineral soil material can also be
part of amollic or umbric epipedon.

Melanic Epipedon

The melanic epipedon isathick, dark colored (commonly
black) horizon at or near the soil surface (photo 5). It has high
concentrations of organic carbon, generally associated with
short-range-order minerals or aluminum-humus complexes.
The intense dark colors are attributed to the accumulation 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.

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

Required Characteristics
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 upper boundary of an organic layer
with andic soil properties (defined below), whichever is
shallower; and

2. Inlayerswith a cumulative thickness of 30 cm or more
within atotal thickness of 40 cm, all of the following:

a. Andic soil properties throughout; and

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

c. 6 percent or more organic carbon as aweighted average
and 4 percent or more organic carbon in all layers.

Mollic Epipedon

The mollic epipedon is arelatively thick, dark colored,
humus-rich surface horizon (or horizons) in which bivalent
cations are dominant on the exchange complex and the grade
of structure is weak to strong (photos 6 and 7). These properties
are common in the soils of the steppesin the Americas, Europe,
and Asia

Properties

The mollic epipedon isdefined in terms of its morphology
rather than its genesis. It consists of mineral soil material and
is at the soil surface, unless it underlies a histic epipedon or
thin surface mantle, as explained earlier in this chapter. If the
surface layer of organic material is so thick that the soil is
recognized as a Histosol (defined below), the horizon that at one
time was amollic epipedon is considered to be buried and no
longer meets the definition of an epipedon.

The mollic epipedon has soil structure strong enough that
less than one-half of the volume of all parts has rock structure
and one-half or more of the horizon is not both hard, very
hard, or harder and massive when dry. In this definition very
coarse prisms, with a diameter of 30 cm or more, are treated as
if they were the same as massive unless there is secondary
structure within the prisms. The restriction against hardness
and structure applies only to those epipedons that become dry.
A mollic epipedon can directly overlie deposits with rock
structure, including fine stratifications, if the epipedon is 25
cm or more thick. The epipedon does not include any layer in
which one-half or more of the volume has rock structure,
including fine stratifications.

The moallic epipedon has dark color and low chromain 50
percent or more of its matrix. It typically has a Munsell color
value of 3 or less when moist and of 5 or less when dry and
chroma of 3 or less when moist. If its 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
situations 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 dry color
value should be determined after the crushed sample is dry
enough for continued drying to produce no further change and
the sample has been smoothed to eliminate shadows.

Normally, the color valueisat least 1 Munsell unit lower or
the chroma at least 2 units lower (both moist and dry) than that
of the 1C horizon (if one occurs). Some parent materials, such
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as loess, cinders, basalt, or carbonaceous shale, can also have
dark color and low chroma. Soils that formed in such materials
can accumul ate appreciable amounts of organic matter but
commonly have no visible darkening in the epipedon. In these
dark colored materials, the requirement that the mollic
epipedon have a lower color value or chroma than the C
horizon iswaived if the surface horizon(s) meets all of the
other requirements for a mollic epipedon and, in addition, has
at least 0.6 percent more organic carbon than the C horizon.

Finely divided CaCO, acts as a white pigment and causes
soilsto have a high color value, especially when dry. To
compensate for the color of the carbonates, the mollic epipedon
is allowed to have lighter color than normal if the epipedon
averages more than 15 percent carbonates.

If the fine-earth fraction has a calcium carbonate equivalent
of 15 to 40 percent, the limit for the dry color value is waived.
If it has a calcium carbonate equivalent of 40 percent or more,
the limit for the dry color value is waived and the moist color
valueis5or less.

The mollic epipedon forms in the presence of bivalent
cations, particularly calcium. The base saturation by the
NH,OAc method is required to be 50 percent or more
throughout the epipedon.

The moallic epipedon is thought to be formed mainly through
the underground decomposition of organic residues in the
presence of these cations. The residues that are decomposed are
partly roots and partly organic residues from the surface that
have been taken underground by animals. Accumulation and
turnover of the organic matter in the mollic epipedon probably
are rapid. The radiocarbon age (mean residence time) of the
organic carbon is mostly 100 to 1,000 years. A high percentage
of the organic matter is so-called “humic acid.” The minimum
organic-carbon content throughout the thickness of the mollic
epipedon is 0.6 percent in most mollic epipedons. Exceptions
are (1) aminimum of 2.5 percent organic carbon in epipedons
that have a color value, moist, of 4 or 5 and afine-earth
fraction with a calcium carbonate equivalent of 40 percent or
more and (2) a minimum of 0.6 percent more organic carbon
than in the C horizon in epipedons in which the C horizon has
acolor as dark as or darker than the color of the epipedon.

The maximum organic-carbon content of a mollic epipedon
is the same as for mineral soil material. Some Ap horizons that
approach the lower limit of a histic epipedon can be part of the
mollic epipedon.

The minimum thickness of the mollic epipedon depends on
the depth and texture of the soil. The minimum thicknessis for
soils with an epipedon that is loamy very fine sand or finer and
that is directly above a densic, lithic, or paralithic contact, a
petrocalcic horizon, or a duripan. These soils have a minimum
thickness of 10 cm. Soils that are 10 to 18 cm deep have a
mollic epipedon if the whole soil meets all of the criteriafor a
mollic epipedon when mixed.

The minimum thickness is 25 cm for: (1) all soilswith a
texture throughout the epipedon of loamy fine sand or coarser;
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(2) dl soilsthat have no diagnostic horizons or features below
the epipedon; and (3) soils that are 75 cm or more deep to a
densic, lithic, or paralithic contact, a petrocalcic horizon, or a
duripan, are more than 75 cm deep to the upper boundary of
any identifiable secondary carbonates, and are more than 75
cm deep to the lower boundary of any argillic, cambic, kandic,
natric, oxic, or spodic horizon (all defined below).

The minimum thickness is one-third of the thickness from
the mineral soil surface to any of the features described in the
paragraph above if (1) the texture throughout the epipedon is
loamy very fine sand or finer and (2) depth to the feature
described in the paragraph above is between 54 and 75 cm.

The minimum thickness is 18 cm for all other soils.

The mollic epipedon has less than 1,500 milligrams per
kilogram of P,O, soluble in 1 percent citric acid or has an
irregular decrease in the amounts of P,O_ with increasing depth
below the epipedon, or there are phosphate nodules within the
epipedon. Thisrestriction is intended to exclude plow layers of
very old arable soils and kitchen middens that, under use, have
acquired the properties of a mollic epipedon and to include the
epipedon of a soil developed in highly phosphatic parent
material.

Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher and the soil is
not irrigated.

Sediments that have been continuously under water since
they were deposited have a very high water content and are
unable to support livestock. Although many soils that have a
mollic epipedon are very poorly drained, the mollic epipedon is
required to have an n value (defined below) of lessthan 0.7.

Several accessory properties are common in soils that have a
mollic epipedon. Most natural environments (not made by
humans) that produce a mollic epipedon also produce 2:1
lattice clays from minerals that can be altered, preclude serious
toxicity from aluminum or manganese, and ensure a reasonable
reserve of calcium, magnesium, and potassium and of nitrogen
if the soil has not been cultivated for along time. These are
accessory properties that are important to plant growth.
Permeability is another accessory property important to most
uses of the soil. The structure of the mollic epipedon facilitates
the movement of moisture and air whenever the soil is not
saturated with water.

The content of organic matter indicates that the soil has
received enough moisture to support fair to luxuriant plant
growth in normal years. The mollic epipedon must be moist in
at least some part for 90 days or more (cumulative) in normal
years at times when the soil temperature is 5 °C or higher at a
depth of 50 cm and when the soil is not irrigated.

Although the mollic epipedon is a surface horizon that can
be truncated by erosion, its many important accessory
properties suggest its use as a diagnostic horizon at a high
categoric level. Some soils have eroded to the extent that the
epipedon is no longer thick enough to meet the requirements
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for amollic epipedon. In this case human activities have altered
the surface horizon, changing amollic epipedon into an ochric
epipedon (defined below).

Required Characteristics

The mollic epipedon consists of mineral soil materials and has
thefollowing properties:

1. Whendry, either or both:

a. Structural unitswith adiameter of 30 cm or less
or secondary structure with a diameter of 30 cm or less;
or

b. A moderately hard or softer rupture-resistance class;
and

2. Rock structure, including fine (less than 5 mm)
gtratifications, in less than one-half of the volume of all parts;
and

3. One of the following:
a. All of thefollowing:

(1) Colorswith avalue of 3 or less, moist, and of 5 or
less, dry; and

(2) Colorswith chroma of 3 or less, moist; and

(3) If the soil has a C horizon, the mollic epipedon has
acolor value at least 1 Munsell unit lower or chroma at
least 2 units lower (both moist and dry) than that of the C
horizon or the epipedon has at least 0.6 percent more
organic carbon than the C horizon; or

b. A fine-earth fraction that has a calcium carbonate
equivalent of 15 to 40 percent and colors with a value and
chroma of 3 or less, moist; or

c. A fine-earth fraction that has a calcium carbonate
equivalent of 40 percent or more and a color value, moist, of
5 or less; and

4. A base saturation (by NH,OAc) of 50 percent or more; and
5. An organic-carbon content of:

a. 2.5 percent or more if the epipedon has a color value,
moist, of 4 or 5; or

b. 0.6 percent more than that of the C horizon (if one
occurs) if the mollic epipedon has a color value less than 1
Munsell unit lower or chroma less than 2 units lower (both
moist and dry) than the C horizon; or

c. 0.6 percent or more; and

6. After mixing of the upper 18 cm of the mineral soil or of
the whole mineral soil if its depth to a densic, lithic, or
paralithic contact, petrocalcic horizon, or duripan (all defined
below) is less than 18 cm, the minimum thickness of the
epipedon is asfollows:
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a. 10 cm or the depth of the noncemented soil if the
epipedon is loamy very fine sand or finer and is directly
above a densic, lithic, or paralithic contact, a petrocalcic
horizon, or a duripan that is within 18 cm of the mineral
soil surface; or

b. 25cmor moreif the epipedon isloamy fine sand or
coarser throughout or if there are no underlying diagnostic
horizons (defined below) and the organic-carbon content of
the underlying materials decreases irregularly with
increasing depth; or

c. 25cmor moreif all of the following are 75 cm 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) Thelower boundary of any argillic, cambic, natric,
oxic, or spodic horizon (defined below); and

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

d. 18 cmif the epipedon isloamy very fine sand or finer in
some part and one-third or more of the total thickness
between the top of the epipedon and the shallowest of any
features listed in item 6-c is less than 75 cm below the
mineral soil surface; or

e. 18 cm or moreif none of the above conditions apply;
and

7. Phosphate:

a. Content less than 1,500 milligrams per kilogram
soluble in 1 percent citric acid; or

b. Content decreasing irregularly with increasing depth
below the epipedon; or

¢. Nodules are within the epipedon; and

8. Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cmis 5 °C or higher, if the soil is
not irrigated; and

9. Thenvaue (defined below) islessthan 0.7.

OchricEpipedon

The ochric epipedon fails to meet the definitions for any of
the other seven epipedons because it is too thin or too dry, has
too high a color value or chroma, contains too little organic
carbon, has too high an n value or melanic index, or is both
massive and hard or harder when dry (photos 8 and 9). Many
ochric epipedons have either aMunsell color value of 4 or
more, moist, and 6 or more, dry, or chroma of 4 or more, or
they 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



26

umbric epipedon (and has less than 15 percent calcium
carbonate equivalent in the fine-earth fraction). Ochric
epipedons also include horizons of organic materials that are
too thin to meet the requirements for a histic or folistic
epipedon.

The ochric epipedon includes eluvial horizons that are at or
near the soil surface, and it extends to the first underlying
diagnostic illuvia horizon (defined below as an argillic,
kandic, natric, or spodic horizon). If the underlying horizon is
a B horizon of ateration (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
(18 cm) in a soil that has not been plowed. Actually, the same
horizon in an unplowed soil may be both part of the epipedon
and part of the cambic horizon; the ochric epipedon and the
subsurface diagnostic horizons are not all mutually exclusive.
The ochric epipedon does not have rock structure and does not
include finely stratified fresh sediments, nor can it be an Ap
horizon directly overlying such deposits.

The ochric epipedon by itself has few or no accessory
characteristics, but an ochric epipedon in combination with
other diagnostic horizons and features has many accessory
characteristics. For example, if there is an underlying horizon
inwhich clay hasaccumulated (defined later asan argillic
horizon) and if the epipedon is seldom or never dry, carbonates
are absent and base saturation is moderate or low in the major
part of the epipedon unless the soil has been limed. If the
texture is loamy, the structure breaks down easily when the soil
is cultivated.

Plaggen Epipedon

The plaggen epipedon is a human-made surface layer 50 cm
or more thick that has been produced by long-continued
manuring (photo 10). In medieval times, sod or other materials
commonly were used for bedding livestock and the manure was
spread on fields being cultivated. The mineral materials
brought in by this kind of manuring eventually produced an
appreciably thickened Ap horizon (as much as 1 m or more
thick). In northwestern Europe this custom was associated with
the poorly fertile, sandy Spodosols. The practice more or less
ceased at the turn of the 19th century, when fertilizers became
available.

The color of a plaggen epipedon and its organic-carbon
content depend on the materials used for bedding. If the sod
was cut from the heath, the plaggen epipedon tends to be black
or very dark gray, to be rich in organic matter, and to have a
wide carbon-nitrogen ratio. If the sod came from forested soils,
the plaggen epipedon tends to be brown, to have less organic
matter, and to have a narrower carbon-nitrogen ratio.
Commonly, the organic-carbon content ranges from 1.5to 4
percent. Values commonly range from 1 to 4, moist, and
chromas are 2 or less.
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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. The plaggen epipedon normally shows
spade marks throughout its 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. A
map unit delineation of soils with plaggen epipedons would
tend to have straight-sided rectangular bodies that are higher
than the adjacent soils by as much as or more than the
thickness of the plaggen epipedon.

Umbric Epipedon

Theumbric epipedonisarelatively thick, dark colored,
humus-rich surface horizon or horizons (photo 11). It cannot be
distinguished by the eye from amollic epipedon, but laboratory
studies show that the base saturation is less than 50 percent (by
NH,OAc) insomeor all parts.

The umbric epipedon is used for defining taxa at different
levels. For those soils in which the content of organic matter is
roughly proportional to the darkness of the color, the most
satisfactory groupings appear to be those that assign soils with
athick, dark colored surface horizon and soils with a light
colored or thin surface horizon to different suborders.
Structure, bulk density, cation-exchange capacity, and other
properties are related to the amount and type of organic matter
in these soils. In those kinds of soil where dark color is not
related to the content of organic matter, the soils that have light
colored epipedons are separated from the soils that have dark
colored epipedons only at lower categoric levels, if at all.

Properties

The umbric 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 athin layer of organic soil material. If the surface
layer of organic material is so thick that the soil is recognized
as aHistosol (defined below), the umbric epipedon is considered
to be buried.

The umbric epipedon has soil structure 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 treated as if they were
the same as massive if there is no secondary structure within
the prisms. The restriction against massive and hardness
applies only to those epipedons that become dry.

The umbric epipedon has dark color and low chromain 50
percent or more of its matrix. It has a Munsell color value of 3
or less, moist, and of 5 or less, dry, and chroma of 3 or less. If
its 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 situations can be determined only
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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 dry color value should be determined after the crushed
sampleis dry enough for continued drying to produce no
further change and the sample has been smoothed to eliminate
shadows.

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 C horizon (if present). Some parent materials, such as
loess, cinders, alluvium, or shale, can also have dark color and
low chroma. Soils that formed in such materials can
accumul ate appreciable amounts of organic matter but
commonly show no visible darkening in the epipedon. In these
dark colored materias, the requirement that the umbric
epipedon have a lower color value or chroma than the C
horizon iswaived if the surface horizon(s) meets all of the
other requirements for an umbric epipedon and, in addition,
has at least 0.6 percent more organic carbon than the C
horizon.

Base saturation by the NH,OAc method is required to be
less than 50 percent in some or all parts of the epipedon.

The umbric epipedon is thought to be formed mainly by the
decomposition of organic residues. The residues that are
decomposed are partly roots and partly organic residues from
the surface that have been taken underground by animals.
Accumulation and turnover of the organic matter in the umbric
epipedon probably are slower than in the mollic epipedon. The
aluminum ions may be somewhat toxic to some kinds of soil
micro-organisms. The minimum organic-carbon content
throughout the thickness of the umbric epipedon is 0.6 percent.

The minimum thickness of the umbric epipedon is
dependent on the depth and texture of the soil. The minimum
thickness is for soils with an epipedon that is loamy very fine
sand or finer (when mixed) and that is directly above a densic,
lithic, or paralithic contact, a petrocalcic horizon, or a duripan.
These soils have a minimum thickness of 10 cm. Soils that are
10 to 18 cm deep have an umbric epipedon if the whole soil
meets al of the criteriafor an umbric epipedon when mixed.

The minimum thickness is 25 cm for (1) all soilswith a
texture throughout the epipedon of loamy fine sand or coarser;
(2) all soils that have no diagnostic horizons or features below
the epipedon; and (3) soils that are 75 cm or more deep to a
densic, lithic, or paralithic contact or a duripan and are more
than 75 cm deep to the lower boundary of any argillic, cambic,
kandic, natric, oxic, or spodic horizon (all defined below).

The minimum thickness is one-third of the thickness from
the mineral soil surface to any of the features in the paragraph
above if (1) the texture in some or al parts of the epipedon is
loamy very fine sand or finer and (2) depth to the feature listed
in the paragraph above is between 54 and 75 cm below the
mineral soil surface.
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Theminimum thicknessis 18 cmfor &l other soils.

The umbric epipedon has less than 1,500 milligrams per
kilogram of P,O, soluble in 1 percent citric acid or has an
irregular decrease in the amounts of P,O, with increasing depth
below the epipedon, or there are phosphate nodules within the
epipedon. Thisrestriction is intended to exclude plow layers of
very old arable soils and kitchen middens that, under use, have
acquired the properties of an umbric epipedon and to include
the epipedon of a soil developed in highly phosphatic parent
material.

Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher and the soil is
not irrigated.

Sediments that have been continuously under water since
deposition have a very high water content and are unable to
support livestock. Although some soils that have an umbric
epipedon are very poorly drained, the umbric epipedon is
required to have an n value (defined below) of lessthan 0.7.

Several accessory properties are common in soils that have
an umbric epipedon. These soils have the potential for toxicity
from aluminum, and they are commonly low in calcium,
magnesium, and potassium if lime and fertilizer have not been
applied. These are accessory properties important to plant
growth. The structure of the umbric epipedon facilitates the
movement of moisture and air whenever the soil is not
saturated with water.

The content of organic matter indicates that the soil has
received enough moisture to support fair to luxuriant plant
growth in normal years. The umbric epipedon must be moist in
at least some part for 3 months or more (cumulative) in normal
years at times when the soil temperature is 5 °C or higher at a
depth of 50 cm and when the soil is not irrigated.

Although the umbric epipedon is a surface horizon that can
be truncated by erosion, its many important accessory
properties suggest its use as a diagnostic horizon at a high
categoric level.

Some plaggen epipedons meet all of the requirements for an
umbric epipedon 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.

Required Characteristics

The umbric epipedon consists of mineral soil materials and
has the following properties:

1. When dry, either or both:

a. Structural units with a diameter of 30 cm or less or
secondary structure with a diameter of 30 cm or less; or

b. A moderately hard or softer rupture-resistance class;
and
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2. All of thefollowing:

a Colorswith avalueof 3 or less, moist, and of 5 or less,
dry; and

b. Colorswith chroma of 3 or less, moist; and

c. If the soil has a C horizon, the umbric epipedon has a
color value at least 1 Munsell unit lower or chroma at least
2 units lower (both moist and dry) than that of the C
horizon or the epipedon has at least 0.6 percent more
organic carbon than that of the C horizon; and

3. A base saturation (by NH,OAc) of less than 50 percent in
some or al parts; and

4. An organic-carbon content of:

a. 0.6 percent more than that of the C horizon (if one
occurs) if the umbric epipedon has a color value less than 1
Munsell unit lower or chroma less than 2 units lower (both
moist and dry) than the C horizon; or

b. 0.6 percent or more; and

5. After mixing of the upper 18 cm of the mineral soil or of
the whole mineral soil if its depth to a densic, lithic, or
paralithic contact or a duripan (all defined below) is less than
18 cm, the minimum thickness of the epipedon is as follows:

a. 10 cm or the depth of the noncemented soil if the
epipedon is loamy very fine sand or finer and is directly
above a densic, lithic, or paralithic contact or a duripan that
is within 18 cm of the mineral soil surface; or

b. 25 cm or more if the epipedon isloamy fine sand or
coarser throughout or if there are no underlying diagnostic
horizons (defined below) and the organic-carbon content of
the underlying materials decreases irregularly with
increasing depth; or

c. 25cmor moreif the lower boundary of any argillic,
cambic, natric, oxic, or spodic horizon (defined below) is 75
cm or more below the mineral soil surface; or

d. 18 cmif the epipedon isloamy very fine sand or finer in
some part and one-third or more of the total thickness
between the top of the epipedon and the shallowest of any
features listed in item 5-c is less than 75 cm below the
mineral soil surface; or

e. 18 cm or moreif none of the above conditions apply;
and

6. Phosphate:

a. Content less than 1,500 milligrams per kilogram
soluble in 1 percent citric acid; or

b. Content decreasing irregularly with increasing depth
below the epipedon; or

¢. Nodules are within the epipedon; and
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7. Some part of the epipedon ismoist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher, if the soil is
not irrigated; and

8. Thenvalue (defined below) islessthan 0.7; and

9. Theumbric epipedon does not have the artifacts, spade
marks, and raised surfaces that are characteristic of the

plaggen epipedon.

Diagnostic Subsurface Horizons

The horizons described 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, and others are generally regarded
as parts of the A horizon.

AgricHorizon

The agric horizon is an illuvial horizon that has formed
under cultivation and contains significant amounts of illuvial
silt, clay, and humus. When a soil is brought under cultivation,
the vegetation and the soil fauna as a rule are changed
drastically. The plow layer is mixed periodically, and, in effect,
anew cycle of soil formation is started. Even where the
cultivated crops resemble the native vegetation, stirring of the
plow layer and the use of amendments, especially lime,
nitrogen, and phosphate, normally produce significant changes
in soil structure, flora, and fauna.

After a soil has been cultivated for along time, changesin
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. The water can enter wormholes or fine cracks
between peds at the base of the plow layer, 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 of organic matter, silt, and clay. The
accumulations on the sides of wormholes become thick and can
eventually fill the holes. 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 formsin
different climates if there are differences in soil fauna. In areas
of ahumid, temperate climate where soils have audic moisture
regime and amesic soil temperature regime (defined below),
earthworms can become abundant. If there are wormholes that,
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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 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
(generally less than 8). The pH value of the agric horizon is
close to neutral (6 to 6.5).

In areas of aMediterranean climate where soils have axeric
soil moisture regime (defined bel ow), earthworms areless
common 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 chroma
of 2 or less, and constitute 5 percent or more (by volume) of a
horizon 10 cm or more thick, this horizon is an agric horizon.

The agric horizon in these xeric soilsis also part of an
argillic horizon. An agric horizon may form in severa of the
other diagnostic horizons, but not in a mollic or anthropic
epipedon. A soil in which an illuvial horizon has formed in the
mollic epipedon is distinguished by other means.

Required Characteristics

The agric horizon is directly below an Ap horizon and has the
following properties:

1. A thicknessof 10 cm or moreand either:

a.  5percent or more (by volume) wormholes, including
coatings that are 2 mm or more thick and have a value,
moist, of 4 or less and chroma of 2 or less; or

b. 5 percent or more (by volume) lamellae that have a
thickness of 5 mm or more and have a value, moist, of 4 or
less and chroma of 2 or less.

AlbicHorizon

Thealbic horizon (photo 12) isan eluvial horizon, 1.0 cm or
morethick, that has 85 percent or more (by volume) albic
materials (defined below). It generally occursbelow an A
horizon but may be at the mineral soil surface. Under the albic
horizon there generally is an argillic, cambic, kandic, natric, or
spodic horizon or afragipan (defined below). The abic horizon
may lie between a spodic horizon and either a fragipan or an
argillic horizon, or it may be between an argillic or 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, kandic, or natric horizon or a fragipan. The
albic horizon may separate horizons that, if they were together,
would meet the requirements for a mollic epipedon. It may
separate lamellae that together meet the requirements for an
argillic horizon. These lamellae are not considered to be part of
the abic horizon.

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

ArgillicHorizon

Anargillic horizonisnormally asubsurface horizon with a
significantly higher percentage of phyllosilicate clay than the
overlying soil material (photo 13). It shows evidence of clay
illuviation. The argillic horizon forms below the soil surface,
but it may be exposed at the surface later by erosion.

Genesis

Because there is little or no evidence of illuvia clay
movement in soils on the youngest landscapes, soil scientists
have concluded that the formation of an argillic horizon
requires at least a few thousand years. On some late-
Pleistocene landscapes, argillic horizons are more strongly
expressed in soils under forest vegetation than in soils under
grass. Therefore, the kind of flora and associated fauna is
thought to have an influence on the rate of development or
degree of expression of the argillic horizon. Climate also isa
factor. There are few or no examples of clay filmsin soils with
perudic soil moisture regimes, such as the soils in parts of
southeastern Alaska, the Olympic Peninsula of Washington,
and the British highlands where water percolates through the
soils during all seasons. Argillic horizons are common on the
adjacent lowlands in Great Britain, under climates where the
soils undergo wetting and drying cycles.

Textural differentiation in soils with argillic horizons results
from one or more processes acting simultaneously or
sequentially, affecting surface horizons, subsurface horizons, or
both. The degree to which a process or several processes
operate varies widely from soil to soil. In some soils clay
illuviation is significant, while in others clay illuviation is
overshadowed by in situ weathering. Not all of the processes
are completely understood. The ones thought to be most
important are summarized in the following paragraphs.

1. Clay eluviation and illuviation.—Some suspended clay
is carried downward in the soil water. The movement of clay
can take place from one horizon to another or within a horizon.
There is a strong mineralogical similarity between the fine clay
in an eluvial horizon and that in a deeper illuvia horizon. This
similarity supports the idea that clay migrates dominantly as
clay rather than as the products of decomposition that were
later synthesized to form clay-sized particles.

Clay mobility isinfluenced by anumber of factors. If clay
platel ets are aggregated by sesquioxides or other cementing
agents, the cement must be dissolved prior to clay movement.
Phyllosilicates with thick, diffuse double layers of adsorbed
cations are dispersed more easily than those with thin double
layers. If the ionic strength of the soil solution is high, clays
tend to flocculate. Wetting a dry soil seemsto lead to
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disruption of the fabric and to dispersion of clay unlesstheionic
concentration is high. Sodium ionsin solution, between critical
limitsof activity, increase clay dispersion. Optimal clay
dispersion occurs when the pH at the zero point of net charge
on the clay particle is distinctly different from the pH of the
soil solution. This dispersion commonly occurs between pH
values of 4.5 and 6.5.

In soilsthat are periodically dry, the clay suspension moves
downward and stops in the dry subsoil as the soil solution is
absorbed. During absorption of the soil solution, the surface of
the ped acts as a filter and keeps clays from entering the
interior of the ped. The clay platelets then coat the surface of
the ped or void wall and are oriented with their long axes
parallel to the surface on which they were deposited. They are
called clay films. These layers of oriented clay can be
distinguished from the rest of the clay through the use of a
petrographic microscope.

As soil solution enters unsaturated subsoils, water
movement occurs in fine pores. Pore water velocity is reduced
as afunction of pore wall friction. Some clay deposition may
occur simply because fluid velocity istoo low to keep the clay
suspended.

Capillarity affects water movement both downward and into
the peds. If a soil horizon is underlain by a horizon of
considerably coarser texture (i.e., larger pores), capillary
continuity is broken and water tends to remain in the fine
capillaries above the zone of contact. When water evaporates or
is withdrawn by roots, suspended and/or dissolved materials,
including clay, are left. This action accentuates the original
difference in pore-size distribution, and clay is deposited
directly above the coarse textured strata or lenses.

Clays that are deposited from suspension in sediments, such
as shale or glacial till, are commonly oriented parallel to the
depositional or stress surface. In contrast, clays formed in place
within the soil generally are oriented according to the crystal
structure of the original mineral grains from which they
formed. Neither the mineral grains nor the planes in the shale
or till are consistently oriented with respect to any pedogenic
features. Consequently, the thin sections of many soils indicate
layers of oriented clays in peds and on the surfaces of pores and
peds.

Accumulation of clay in some soils occurs predominantly
through flocculation. The dispersed clay stops moving
downward if alayer with different pH or electrolyte
concentration, or both, is present in the subsoil. The
flocculated clays will have little or no orientation with respect
to the features of the microfabric. Thus, distinguishing
flocculated clays from clays formed in situ is difficult.

The above discussion is not intended to imply that al of the
clay increase in an argillic horizon is the result of illuviation.
The conclusions of many studies range from those indicating
that most of the clay increase is the result of translocation to
those indicating that most of the clay formed in situ with
minimal translocation.
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2. Clay dissolution in the epipedon.—Dissolution of clay-
sized phyllosilicates can lead to aloss of clay in soils. The loss
generally isgreatest in the upper horizons, where weathering
processes are most intense. Because this process generally
affects surface horizons more than subsurface horizons, a
vertical textural differentiation can result.

3. Selective erosion.—Raindrop splash and subsequent
surface soil erosion cause the smaller soil particles to be moved
farther downslope than the larger particles. Eventually, part of
the fine fraction is eliminated from the surface layer of sloping
soils, leaving a concentration of the coarser textured part. The
speed of this process depends on many factors. In areas where
highly erosive rain falls on soils with little surface cover, the
process can occur rapidly. The surficial movement of clay
downslope seems to be widespread, and selective erosion likely
is a process that contributes to textural differentiation in some
soils.

4. In situ clay formation.—Vertical textural
differentiation is enhanced in some soils when the surface
horizon dries and evaporation ceases but the subsoil remains
moist. The presence of water allows hydrolysis in the subsoil
and the subsequent production of clay. This processis
important in many soils.

5. Clay destruction in a subsurface horizon.—Clay
destruction may occur in a soil through the process of
ferrolysis. Ferrolysis causes loss of clay from the upper
horizons by decomposition from the upper layers. The process
consists of a sequence of repetitive cyclesinvolving an
oxidative phase and a reductive phase. During the reductive
phase, the ferrous iron displaces exchangeable cations, which
are then removed by leaching. During the oxidative stage,
oxidation of exchangeable ferrous iron produces exchangeable
hydrogen, part of which attacks the phyllosilicate. In every
cycle, cations are removed by leaching and part of the
phyllosilicate is destroyed. With continued ferrolysis, a
seasonally wet soil, even if base saturated, can develop a gray,
silty or sandy horizon with alow clay content and a low cation-
exchange capacity. Ferrolysisis the process that may help to
develop abic materia in a number of soils, including Albolls
and Albaqualfs.

Regardless of the process responsible for textural
differentiation, clay illuviation in one form or another is
common to all argillic horizons.

Significance to Soil Classification

The argillic horizon represents a time-landscape
relationship that is locally and regionally important. A taxon
that includes all soils that have an argillic horizon would have
very few other common properties. Yet, the horizon is a mark
of landscape stability with respect to the formation and
preservation of afiner textured subsurface horizon, as opposed
to processes that destroy or remove clay from the horizon or
that mix horizons. Because an argillic horizon forms at a
relatively slow rate, its presence indicates that the geomorphic
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surface has been relatively stable and that the period of stability
has been long.

If theargillic horizon occursin an areaof an aridic moisture
regime (defined below) and israrely moist or hasfree carbonates
throughout, it probably indicates an old soil and stable
geomorphic surface of such great age that the climate has
changed since the formation of the horizon. In the present
environment, the precipitation is not sufficient to remove
carbonates from the soil or to translocate clay to the base of the
argillic horizon.

On the steppes, savannas, and grasslands in areas of
subhumid climates, the argillic horizon is a useful means of
distinguishing between surfaces of Holocene or late-Pleistocene
age and older surfaces.

In cool, humid regions the argillic horizon seems to be
impermanent. It forms slowly, but there is evidence that with
time it is moved to a greater depth in the soil and is finally
destroyed. In its place, a glossic or spodic horizon may form.

In humid, temperate and tropical regions, the presence of an
argillic horizon has other meanings. In humid, temperate
regions that are forested, the argillic horizon is mainly a mark
of a stable surface. In the humid tropics the clay fraction of the
argillic horizon commonly is low in silicon because of intense
weathering. The high degree of weathering is reflected by a
dominance of 1:1 layer lattice clays and oxyhydroxides of iron
and by a general absence of 2:1 layer lattice clays, except for
hydroxy-interlayered vermiculite. Gibbsite can occur in the
most weathered argillic horizons. In humid, temperate and
tropical regions where cycling of bases by plantsis the chief
mechanism by which basic cations are retained against
leaching from the soils, the available nutrients of ped exteriors
relative to ped interiors are significant to root development. In
some of these soils, the roots do not enter the peds of the
argillic horizon but occur along faces of the peds. The peds are
coated by continuous clay films with significantly more
nitrogen, phosphorus, and potassium than the available
nutrients in the interior of the peds.

I dentification

Since the argillic horizon can result from one or more
processes acting simultaneously or sequentially and affecting
surface horizons, subsurface horizons, or both, one or more sets
of properties can be used for its identification. Positive
identification of the argillic horizon is difficult in some
situations. No one feature is common to all argillic horizons
and absent from all other horizons. Nearly all argillic horizons
have at least two of the following features:

1. Thereismoresilicateclay intheargillic horizonthaninan
overlying horizon. The boundary between the eluvial horizon
and theargillic horizon isgenerally clear or abrupt, and
commonly it isirregular. The clay content (percent, by weight,
lessthan 2 micrometers, excluding clay-sized carbonates) of the
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argillic horizon must be at least 1.2 timesthe clay content of an
overlying eluvial horizon, and generally the increase must be
larger to be consistently detected in the field. The required
increase in clay content occurs within avertical distance of 15
cmin most pedons, but it can occur within avertical distance as
great as 30 cm and still meet the requirementsfor an argillic
horizon.

2. There are coatings of oriented clay on the surfaces of pores
and peds or orientated clay as coatings or as bridges between
sand grains somewhere within many argillic horizons. An
experienced pedologist can often identify the layers of oriented
clay on the surfaces of peds and in pores, called clay films,
with a10 X hand lens. The clay films used to identify an
argillic horizon should occur on more than just the vertical
sides of peds. Examination of the surfaces of peds and pores
under a 10- to 20-power hand lens usually discloses one or
more of the features common to most clay films. The films may
differ from the interiors of the pedsin color as well as texture.
Clay films should also have an observable thickness, whereas
many pressure faces do not. Pores that are open on the lower
side of a ped can have irregular lips where the clay protrudes.
Commonly, the surfaces have an irregular shape and show
channels and flow lines that apparently were formed by soil
solution moving through the soil._Photo 14 shows a prominent
clay film in apore and a faint clay film on the surface of a ped
of an argillic horizon in a medium textured soil under
magnification. The pore has a prominent, dark gray coating,
and the surface of the ped has a distinct, brownish coating. The
broken surface that reveals the interior of the ped, on the right,
has no coating. The scaleis 2 mm. Photo 15 showsilluvial clay
in sand. The clay coats the sand grains, and an occasional pore
has a clay film. Very commonly, the coatings occur only in part
of the horizon. Some argillic horizons have clay films only
toward the base of the argillic horizon.

3. Theratio of fine clay (particles less than 0.2 micrometer in
diameter) to total clay can be larger in an argillic horizon than
in the overlying horizons. This difference is more common in
soils with higher amounts of 2:1 phyllosilicates than 1:1
phyllosilicates. Thetable " Clay Distribution and Ratio of Fine
Clay to Total Clay in Two Soils That Have Argillic Horizons”
illustrates the difference in the size of clay particlesin the
various horizons. The ratio of fine clay to total clay istypicaly,
but not always, highest in the argillic horizons with 2:1
phyllosilicates.

4. Rock structureis evident in less than half of the volume of
the argillic horizon. In this context rock structure includes fine
gtratification (less than 10 mm) in unconsolidated sediments
(eolian, aluvial, lacustrine, or marine) and saprolite derived
from consolidated rocks in which unweathered minerals and
pseudomorphs of weathered minerals retain their relative
positions to each other.
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Clay Distribution and Ratio of Fine Clay to Total Clay in Two
Soils That Have Argillic Horizons

(Datafor theargillic horizonsare printed initalic type)

Clay distribution

oean o) it

Lessthan | 0.002to | Lessthan

0.002 mm {0.0002 mm|0.0002 mm
Percent Percent Percent Ratio
0-18......... 22.6 15.8 6.8 0.30
18-25......... 26.2 18.8 7.4 .28
25-36......... 45.3 25.1 20.2 .45
36-58......... 42.8 26.6 16.2 .38
58-74 ......... 34.7 25.2 9.5 27
74-89......... 32.9 24.0 8.9 27
0-18......... 331 24.6 8.5 .26
18-25......... 324 23.2 9.2 .28
25-40......... 40.4 24.6 15.8 .39
40-53......... 45.0 25.0 20.0 .45
53-71........ 41.4 23.3 18.1 44
71-120....... 38.0 23.3 14.7 .39
120-140....... 205 15.6 49 .23
140-205....... 20.3 15.3 5.0 .25
205-250....... 12.3 9.5 2.8 .23

5. Theargillichorizoniscommonly parallel or nearly parallel to
the surface. If the epipedon has been truncated, the argillic
horizon can occur at the soil surface.

Special Problems

Thissection isdivided into five parts: (1) soilsthat formed in
uniform parent materialswith clay illuviation; (2) truncated soils,
cultivated soils, and soils that formed in stratified parent
materials; (3) problems associated with determining the top of
the argillic horizon; (4) problems associated with determining
the base of the argillic horizon; and (5) destruction of the
argillic horizon.

1. Soilsthat formed in uniform parent materials with
clay illuviation.—It is believed that many soils are derived
from multiple parent materials rather than a single, uniform
material. Argillic horizons forming in uniform parent
materials are described first because they are the least
complicated. In soils that formed in uniform parent material
and have 15 to 40 percent clay in the overlying eluvia horizon,
no truncation, and no Ap horizon directly above the illuvial
horizon, the clay content in the illuviated horizon is at least 1.2
times greater than the clay content in the eluvia horizon. The
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thickness of theilluvial horizon must be at least one-tenth that
of the overlying horizons, but as a minimum an illuvial

horizon must be at least 7.5 cm thick before it is considered an
argillic horizon. The thickness of the transition zone from the
eluvial horizon to the argillic horizon must be 30 cm or less.
Theratio of fine clay to total clay in the argillic horizon is
commonly at least 1.2 times greater than the ratio in the eluvial
horizon.

In soilswith less than 15 percent clay in any part of the
overlying eluvial horizon, the illuvial horizon can be either
continuous vertically or composed of lamellae (photo 16). The
required ratio of clay in theilluvial horizon to that in the
eluvia horizon is somewhat higher than is required in both
medium textured and clayey soils. Soils that have less than 15
percent clay in any part of the eluvial horizon must have at
least 3 percent (absolute) more clay in theilluvial horizon. For
example, if the eluvial horizon has 4 percent clay, then the
illuvia horizon must have at least 7 percent clay.

In soils with less than 15 percent clay, the illuvial horizon
must be 15 cm or more thick to be an argillic horizon. If the
argillic horizon is composed of lamellae, which can be spaced
at intervals ranging from a few centimeters to a few decimeters
or more, only the lamellae 0.5 cm or more thick are considered
in determining whether the horizon meets the clay content and
thickness requirements for an argillic horizon.

In soils that have at least 40 percent clay in the eluvial
horizon, that formed in uniform material, and have no
truncation, the difference in clay content between the eluvial
horizon and the illuvial horizon must be 8 percent (absolute
difference) or more. For example, if the eluvial horizon has 42
percent clay, the illuvial horizon must have at least 50 percent
clay before it can be considered an argillic horizon. The
thickness of theilluvial horizon should be at |east one-tenth
that of the overlying horizons. As a minimum, the illuvial
horizon must be at least 7.5 cm thick.

In areas where climates have distinct wet and dry seasons
and illuvial horizons have clayey textures and expansive 2:1
phyllosilicates, appreciable interped pressures are generated as
the clays swell. The pressures produce irregular but smooth
surfaces of peds and a strong degree of stress orientation of
clay throughout the ped. In many such clayey horizons,
identifying clay filmsis difficult or impossible.

If the coefficient of linear extensibility of the horizon
exceeds 0.04 and there are periods with distinct differences in
moisture content, the evidence of clay illuviation is satisfied if
the ratio of fine clay to total clay in theilluvial horizon is
greater by 1.2 times or more than the ratio in an overlying
horizon.

2. Truncated soils, cultivated soils, and soils that
formed in stratified parent materials—Soils that formed in
stratified parent materials and truncated soils in which the
eluvial horizon has been removed or the illuvial horizon has
been mixed into an Ap horizon present special problemsin the
identification of the argillic horizon. If both the eluvial
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horizonsand theilluvial horizonsformed in materialswith
different amounts of clay initially, differencesin clay content
between the horizons cannot always be used to identify the
argillic horizon. Likewise, in soils that have been cultivated
and in which the Ap horizon is directly above the argillic
horizon, the argillic horizon may not be recognizable on the
basis of aclay increase. The plow layer may contain the most
clayey part of the original argillic horizon.

For soils that have an Ap horizon and do not have a
sufficient clay increase between the Ap horizon and the illuvial
horizon (as described above), the argillic horizon is determined
by the identification of evidence of clay illuviation, such as clay
films, clay linings on pores, or oriented clay in thin sections of
the matrix in some subhorizon.

In soils that have a lithologic discontinuity at the boundary
between the eluvial horizon and the illuvial horizon, clay
illuviation is evidence of an argillic horizon. Since it is critical
in these soils, clay illuviation must be prominent enough to
obscure fine sand grains on at least 10 percent of the surfaces
of peds, the clay illuviation must be nearly continuous in some
pores, or thin sections must show oriented clay coatings on at
least 1 percent of the horizon before the horizon is considered
to be an argillic horizon.

3. Thetop of the argillic horizon.—The top of the
argillic horizon in soils that are not truncated and that have no
lithologic discontinuity between the eluvia and illuvial
horizons occurs at the depth where the requirement for clay
increase is met. Soils that have an abrupt or clear boundary
between the eluvial and illuvial horizons have an argillic
horizon that starts near the top of theilluvial layer. If
properties of an argillic horizon are present but the upper
boundary is gradual, the top of the argillic horizon is the depth
at which the percentage of clay exceeds that of a horizon
higher in the profile by the appropriate amount after fitting a
smooth curve. Although the top of the argillic horizon is
defined on the basis of a clay increase, there are other
properties that provide clues to its identification. In many soils
the argillic horizon has stronger chroma, redder hue, or larger
structural units than the eluvia horizon. Clay films may or
may not be present at the depth designated as the top of the
argillic horizon.

In soils where the argillic horizon is degrading, such as soils
that have a glossic horizon, the top of the argillic horizon is the
point where the clay increase is met after mixing. For example,
an E/Bt horizon may be part of the argillic horizon if its clay
content, after mixing, exceeds the clay content of the overlying
horizon by the required amount. More commonly, Bt/E
horizons rather than E/Bt horizons have the required clay
increase.

The top of the argillic horizon in truncated soils that do not
exhibit the required clay increase and that do not have a
lithologic discontinuity is the bottom of the Ap horizon.

For soils that have a lithologic discontinuity between the
eluvial horizon and the illuvial horizon and that do not have
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the required clay increase described above, the top of the argillic
horizon is considered to be at the contact between the two
meaterials.

4. The base of the argillic horizon.—The base of the
argillic horizon is obvious in many soils that overlie root-
limiting layers, such as duripans or bedrock. In other soils the
lower boundary of the argillic horizon is gradual and
commonly isirregular. In these soils describing the base of the
argillic horizon is difficult, but a definition is needed for
identification of proper taxa.

The bottom of argillic horizons that have clay filmsis at the
depth where the combination of both structure with mean
horizontal dimensions of 10 cm or less and clay illuviation are
no longer identifiable. In sandy soils that have argillic horizons
without structure, the bottom of the argillic horizon is at the
depth where clay bridging of the sand grainsis no longer
identifiable. The base of the argillic horizon is alowed to have
less total clay than the eluvia horizon.

Argillic horizons that do not have clay films, such as some
of the argillic horizons with a high shrink-swell potential, have
different criteria. The base of the argillic horizon in soils with
a high shrink-swell potential and no clay filmsis at the depth
where both the pressure faces and structure with mean
horizontal dimensions of 10 cm or less are no longer
identifiable.

5. Destruction of the argillic horizon.—An argillic
horizon can be formed and later destroyed. Destruction of
argillic horizons can occur in many ways and is by no means
limited to the following examples.

Argillic horizons that formed in paleoenvironments with
more effective precipitation than that in the present
environment can be engulfed by carbonates and more soluble
salts. This process commonly occurs in areas that are presently
arid. Asthe argillic horizon is engulfed, salt crystals grow and
plug the horizon. Concurrently, the salt crystals disrupt the soil
fabric and the cutans, including the clay films. In time, the
entire argillic horizon could be engulfed by salts and all
evidence of clay illuviation could be destroyed.

Mixing of horizons by animals, by frost, or by shrinking and
swelling can destroy argillic horizons or inhibit their
formation. Humans can rapidly change a soil and in some cases
destroy an argillic horizon.

Detailed studies of the micromorphology of some soils that
have an argillic horizon (e.g., Glossudalfs) provide evidence of
the destruction of argillic horizons. Clay films are absent from
the surfaces of peds, and skeletans, which are bleached silt or
sand grains that result from the loss of clay and iron, are
common. Oriented clay within the peds apparently persists. In
a degrading argillic horizon, the clay films on surfaces of peds
or in pores commonly are most abundant in the lower part of
the argillic horizon and in the underlying transitional horizon.
In advanced stages of degradation, there may be no clay films
within or on peds in the upper part of the argillic horizon.
Normally, a degrading argillic horizon also has an irregular



upper boundary that is marked by narrow to broad penetrations
of the eluvia horizon. Small nodular remnants of the argillic
horizon commonly occur in the lower part of the present
eluvial horizon.

An argillic layer that is being degraded or is subject to
pedoturbation must meet the requirements for clay increase
outlined above before it is considered an argillic horizon.

Required Characteristics

1. All argillic horizons must meet both of the following
reguirements:

a. One of the following:

(1) If the argillic horizon is coarse-loamy, fine-loamy,
coarse-silty, fine-silty, fine, or very-fine or isloamy or
clayey, including skeletal counterparts, it must be at least
7.5 cm thick or at least one-tenth as thick as the sum of
the thickness of all overlying horizons, whichever is
greater. For example, if the overlying horizons are more
than 150 cm thick, then the argillic horizon must be 15
cm or more thick; or

(2) If the argillic horizon is sandy or sandy-skeletal, it
must be at least 15 cm thick; or

(3) If theargillic horizon is composed entirely of
lamellae, the combined thickness of the lamellae that are
0.5 cm or more thick must be 15 cm or more; and

b. Evidenceof clay illuviation in at least one of the
following forms:

(1) Oriented clay bridging the sand grains; or
(2) Clay filmslining pores; or

(3) Clay films on both vertical and horizontal surfaces
of peds; or

(4) Thin sections with oriented clay bodies that are
more than 1 percent of the section; or

(5) If the coefficient of linear extensibility is 0.04 or
higher and the soil has distinct wet and dry seasons, then
the ratio of fine clay to total clay in theilluvial horizon is
greater by 1.2 times or more than the ratio in the eluvial
horizon; and

2. If an eluvia horizon remains and there is no lithologic
discontinuity between it and the illuvial horizon and no plow
layer directly above theilluvial layer, then the illuvial horizon
must contain more total clay than the eluvial horizon within a
vertical distance of 30 cm or less, asfollows:

a. If any part of the eluvial horizon has less than 15
percent total clay in the fine-earth fraction, the argillic
horizon must contain at least 3 percent (absolute) more clay
(10 percent versus 13 percent, for example); or

b. If the eluvial horizon has 15 to 40 percent total clay in
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the fine-earth fraction, the argillic horizon must have at | east
1.2 timesmore clay than the eluvial horizon; or

c. If theeluvial horizon has40 percent or moretotal clay in
the fine-earth fraction, the argillic horizon must contain at
least 8 percent (absolute) more clay (42 percent versus 50
percent, for example).

CalcicHorizon

The calcic horizon is an illuvia horizon in which secondary
calcium carbonate or other carbonates have accumulated to a
significant extent (photo 17). Calcic horizons must be 15 cm or
more thick. They must have 15 percent calcium carbonate
equivalent and either have at least 5 percent more calcium
carbonate equivalent than the underlying horizon or have 5
percent or more identifiable secondary carbonates unless the
particle-size class is sandy, sandy-skeletal, coarse-loamy, or
loamy-skeletal and the clay content is less than 18 percent. If
the clay content is less than 18 percent and the particle-size
classis sandy, sandy-skeletal, coarse-loamy, or loamy-skeletal,
there must be at least 5 percent more calcium carbonate
equivalent than in an underlying horizon. In order to indicate
pedogenic accumulations of calcium carbonate, calcic horizons
require either identifiable secondary carbonates or more
calcium carbonate equivalent than an underlying horizon. If a
horizon with secondary carbonates is indurated or cemented to
such a degree that it meets the requirements for a petrocalcic
horizon, it is considered a petrocal cic horizon (defined bel ow).

A calcic horizon may occur in conjunction with various other
horizons, such asamoallic epipedon, an argillic horizon, or a
natric horizon.

Most calcic horizons have identifiable secondary carbonates.
For reasons not fully understood, accumulations of carbonate in
some soils do not form filaments but are disseminated.
Disseminated carbonates have been observed in soils that are
high in gypsum or sodium and in soils where accumulations of
carbonate form through capillary rise.

The genetic implications of a calcic horizon vary. In arid
and semiarid regions with parent materials, including the dust
that falls, high in calcium carbonate, the precipitation is
insufficient to leach bases and salts. In these situations
carbonates accumulate in the larger voids, often first as
filaments along root channels and as thin, discontinuous
coatings on the bottom of rock fragments. With time,
continuous coatings of carbonate form on the rock fragments,
the carbonate filaments enlarge, and carbonate nodules and
concretions can form. With continued deposition of carbonates,
the horizon becomes plugged with carbonates. Finally, some
parts of a calcic horizon may become cemented or indurated,
though typically air-dry fragments of a calcic horizon slake in
water, except for disconnected carbonate concretions and
pendants under rock and pararock fragments.

In soils where ground water near the surface contains
appreciable amounts of calcium bicarbonate, capillary rise and
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evaporation and transpiration cause precipitation of calcium
carbonate. Depending on the depth from the surface to the
capillary fringe, the top of the zone of calcium carbonate
accumulation may be from the surface to a depth of about 60
cm. In such soils, the accumulation of calcium carbonate is
comparable to the accumulation of more soluble salts in desert
playas. Depending on the position of the water table, these soils
may occupy depressions. If water was ponded, a soil that has a
calcic horizon commonly forms a circular outline around the
deeper depressions and can aso occur on microhighs in the
depressions.

In the situations above, one might attach a high genetic
significance to a calcic horizon. In some other circumstances,
however, one can attach little genetic significance to the
absolute amount of carbonates in a horizon or layer of
carbonate accumulation. Deposition from ground water at a
depth of 3 m or more is likely a geologic rather than a
pedologic process. In soils that formed in calcareous materials
on steppes, the amount of calcium carbonate in horizons that
contain secondary calcium carbonate is a partial function of the
amount of calcium carbonate in the parent materials.

Some plant species growing in soils with calcic horizons
often exhibit “lime-induced chlorosis,” in which
micronutrients, such as iron, manganese, and zinc, are
rendered unavailable to the plants. Plant species that occur
naturally in arid environments frequently do not exhibit this
chlorosis, but many agriculturally grown plant species, such as
citrus, avocados, corn, and beans, are susceptible to
micronutrient deficiencies in calcareous soils.

Required Characteristics
The calcic horizon has all of the following properties:
1. 1s15cm or more thick; and

2. Isnot indurated or cemented to such a degree that it meets
the requirements for a petrocalcic horizon; and

3. Hasone or more of the following:

a. 15 percent or more CaCO, equivalent (see below), and
its CaCO, equivalent is 5 percent or more (absolute) higher
than that of an underlying horizon; or

b. 15 percent or more CaCO, equivalent and 5 percent or
more (by volume) identifiable secondary carbonates; or

c. 5 percent or more calcium carbonate equivalent and
has:

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

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

(3) 5 percent or more (by volume) identifiable
secondary carbonates or a calcium carbonate equivalent
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(by weight) that is 5 percent or more (absolute) higher
than that of an underlying horizon.

CambicHorizon

A cambic horizon (photo 18) isthe result of physical
alterations, chemical transformations, or removals or of a
combination of two or more of these processes.

Physical aterations are the result of the movement of soil
particles by freezing and thawing, shrinking and swelling, root
proliferation, wetting and drying, or animal activities
(including human activities) to such an extent as to destroy
one-half or more of the original rock structure or to form
aggregations of the soil particlesinto peds, or both. Rock
structure in this context includes fine stratification (less than 5
mm thick) in unconsolidated sediments (eolian, aluvial,
lacustrine, or marine) and saprolite or residuum derived from
bedrock in which the unweathered minerals and pseudomorphs
of weathered minerals retain their relative positions to each
other.

Chemical transformations in the cambic horizon are the
result of (1) hydrolysis of primary minerals, which forms clays
and liberates sesquioxides; (2) solution and redistribution or
removal of carbonates or gypsum; (3) reduction and
segregation or removal of iron; or (4) a combination of these
processes.

Alteration by the accumulation of silicate clay, sesquioxides,
or organic matter or by the removal of calcium carbonate or
gypsum can aso produce a cambic horizon. The accumulation
of clay and sesquioxides can be identified by field or laboratory
tests. The accumulation must be too little or the layer too thin
to meet the requirements for any other diagnostic subsurface
horizon. The cambic horizon also excludes layers that are part
of an anthropic, plaggen, folistic, histic, melanic, mollic, or
umbric epipedon but can include parts of some ochric
epipedons in unplowed soils. The cambic horizon and the
ochric horizon are not necessarily mutually exclusive.

The cambic horizon is commonly a subsurface horizon. It
normally lies in the position of a B horizon and in most pedons
is considered to be a B horizon, but it can include some A, E,
and transitional horizons. The cambic horizon is considered
part of the solum, and it normally occurs within the zone that
is reached by the roots of native plants. Some truncated soils
have a cambic horizon at the surface. Otherwise, the cambic
horizon is below one of the diagnostic epipedons. Regardless of
its mode of formation or position in a soil, the cambic horizon
must be 15 cm or more thick. The thickness requirement can
be met by combining lamellae that are 0.5 cm or more thick if
the other required criteria are met. The cambic horizon can
also include the illuvial materials that occur between the
lamellae. Although a cambic horizon requires a thickness of
only 15 cm, the base of the horizon must be 25 cm for most
taxa. (Seethe ' Key to Soil Orders’| in chapter 8.)
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Below many argillic and spodic horizons, thereare BC and CB
horizonsthat are transitional to the C horizon and in which
weathering and alteration have occurred. The ateration of
these transitional horizons in many soils is comparable to that
of other cambic horizons. There are also transitional horizons,
such as AB, EB, or BA horizons between an A or E horizon
and an argillic or kandic horizon, that may have the diagnostic
properties of a cambic horizon. Such transitional horizons are
considered cambic horizons. These cambic horizons are not
considered diagnostic above the series level in this taxonomy.

I dentification

Cambic horizons may have several somewhat contrasting
forms, but each of these grades in places imperceptibly into the
others. The genetic significance of the cambic horizon varies
somewhat with the kind of soil. The properties of a cambic
horizon consistently carry the implication of a horizon that has
been altered. One could define severa kinds of cambic
horizons and give them distinctive names, but understanding
the limits of the transitional forms would be difficult. The
possible benefits of separating the contrasting forms do not
seem to justify the complications that would result if one tried
to distinguish clearly the transitional forms. Nevertheless, it is
important to understand that cambic horizons vary in
appearance and in genetic significance. The typical forms that
the cambic horizon may have under varying combinations of
the soil-forming factors are described in the following

paragraphs.

1. A cambic horizon can form in the presence of aquic
conditions. If the level of ground water fluctuates near the soil
surface, free iron generally is removed from the individual
particles of sand, silt, and clay. Either thisiron is lost from the
horizon, or some of it is concentrated, forming redoximorphic
concentrations. Gray redox depletions and red, brown, and
black redox concentrations are associated with the fluctuating
ground water. Because these features can develop rapidly in a
wet soil, they alone do not indicate sufficient alteration for the
identification of a cambic horizon. The processes of reduction
or of reduction and segregation of the iron must have been
intense enough to produce a horizon dominated by low chroma.
In addition, there must be soil structure or rock structure in less
than one-half of the volume before alayer can be identified as a
cambic horizon.

A cambic horizon normally does not form if aquic
conditions are present in a horizon at al times. Soils that
formed under these conditions have a reduced matrix with
colors that are commonly neutral or consist of shades of green
or blue. Soils with a reduced matrix change color on exposure
to air. Ordinarily, these changes are visible within a few
minutes if amoist clod is briefly exposed to the air and then is
broken so that the colors of the interior and the exterior can be
compared. Horizons with a reduced matrix are excluded from
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the concept of the cambic horizon on the assumption that losses
of iron have been negligible.

A horizon forming under aquic conditionsisacambic horizon
if it hasfluctuating aquic conditions within 50 cm of the surface
or the soil isartificially drained and the dominant colors (moist)
on faces of peds or in the matrix are characterized by the
following:

a.  No changein hue on exposureto air; and
b. A vaueof 3orlessand chromaof O; or
c. A valueof 4 or moreand chromaof 1 or less; or

d. Anyvalue, chromaof 2 or less, and redox
concentrations.

2. Cambic horizons that are in subhumid and humid,
temperate regions and do not have aquic conditions near the
surface normally are brownish. Because free iron oxides have
been liberated, the chroma commonly is higher or the hue is
redder in the cambic horizon than in the C horizon or the
overlying horizon. Feldspars, volcanic glass, and easily
weatherable minerals, such as biotite, some pyroxenes, and
some amphiboles, show evidence of alteration under the
microscope. Oxides of iron derived from iron removed from
primary minerals can form coatings on individual soil paticles.
These coatings may be responsible for brownish and reddish
colors in the horizon. In humid, tropical regions the colors
commonly are more reddish than brownish.

Considerable time is required for the partial destruction of
iron-bearing minerals necessary for the development of color or
for the formation of clay. Structure, however, can form in short
periods. If there is sufficient clay and the soil material has a
relatively high coefficient of linear extensibility, expression of
structure takes place within afew years of the deposition of
sediment. Illuviation is insufficient to meet the requirements
for diagnostic horizons, and the peds generally do not show
distinctive coatings. In thin sections the microfabric
characteristics may include some distinctive features, such as
stress-oriented plasma domains. Illuviation argillans are
generaly rare in cambic horizons. If there is a marked change
in pH because of the presence of calcareous materials
underlying the horizon or there is saprolitic material
underlying the cambic horizon, however, these underlying
materials may have significant amounts of translocated clay.
The presence of this clay implies that clay movement has taken
place in the soil, but the B horizon is not characterized by an
accumulation of translocated clay.

3. A cambic horizon that forms under a humid or subhumid
climate and from highly calcareous material commonly has
granular structure produced by soil fauna. In areas of temperate
and warm climates, earthworms, in particular, are ordinarily
active in mixing material from different horizons.
Consequently, the soil commonly is cal careous throughout its
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thickness, even though there has been a considerable | oss of
carbonates. In calcareous materials there may be little or no
evidence of the weathering of feldspars and other silicate
materials. Evidence of the loss of carbonates is furnished by
weathered remnants of limestone fragments, by solution pitting
that can be seen on the faces of limestone pebbles, or by an
increasing content of carbonates with increasing depth. In
addition, the percentage of silicate clay commonly decreases
gradually with increasing depth.

4. Inareas of arid and semiarid climates, the cambic horizon
commonly has still other forms. Gypsum and, especially,
calcium carbonate are common but are not present everywhere.
Except in areas that have Cicadidae or other burrowing
insects, the soil fauna are less significant to soil structure than
in humid regions. Changes in volume accompanying seasonal
changes in moisture content tend to produce prismatic
structure, and in some soils the prisms are very coarse. In arid
regions the tops of the prisms commonly lie only avery few
centimeters below a platy surface horizon. Other things being
equal, it appears that, up to a point, the lower the mean annual
precipitation, the closer the prisms are to the surface. Rock
structure, including fine stratification of sediments, is absent in
at least one-half of the volume of the cambic horizon, primarily
because the materials have been moved by roots and by
animals. In addition to soil structure or the absence of rock
structure, the cambic horizon shows evidence of the
redistribution of carbonates or gypsum. The mere redistribution
of salts more soluble than gypsum is insufficient evidence of a
cambic horizon because salt removal and accumulation can
occur very rapidly and change with the season. Calcium
carbonate and/or gypsum in transit through the cambic horizon
may be reprecipitated there, particularly on the undersides of
rock fragments, in pores, and on the faces of peds.

If calcium carbonate and gypsum are absent from the parent
material and from the dust that falls, there may be no
secondary carbonates or gypsum in the soil. In this situation,
the cambic horizon isidentified by soil structure or the absence
of rock structure in more than one-half of the volume of the
horizon and any combination of redder hues and higher
chromas than in the underlying material or accumulations of
clays or sesgquioxides. The clay content commonly decreases
with increasing depth in cambic horizons. Because of the
presence of lithologic discontinuities, however, determining
whether clay has been formed in the soil is difficult.

Features Common to Cambic Horizons

In spite of the diversity in appearance of cambic horizons,
there are some common features.

The degree of alteration of primary minerals may be slight
to very strong, but some weatherable minerals are present in
most cambic horizons. These include the clay minerals that
have a 2:1 lattice and amorphous clays as well as the various
alterable minerals that yield bases or iron to the soil solution.
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Cambic horizons normally have soil structure, but some are
structureless.

A cambic horizon does not include layers that are part of the
following diagnostic horizons—an anthropic, histic, folistic,
melanic, mollic, plaggen, or umbric epipedon; an argillic,
calcic, gypsic, natric, oxic, petrocalcic, petrogypsic, placic, or
spodic horizon; or a duripan or fragipan (all defined in this
chapter).

A cambic horizon can include layers that are part of the
following diagnostic horizons—an ochric epipedon and an
agric, albic, glossic, or sombric horizon.

Required Characteristics

In summary, the cambic horizon is an altered horizon 15 cm
or more thick. If it is composed of lamellae, the combined
thickness of the lamellae must be 15 cm or more. In addition,
the cambic horizon must meet all of the following:

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

2. Shows evidence of alteration in one of the following forms:

a. Aquic conditions within 50 cm of the soil surface or
artificial drainage and all of the following:

(1) Soil structure or the absence of rock structure in
more than one-half of the volume; and

(2) Colorsthat do not change on exposure to air; and

(3) Dominant color, moist, on faces of peds or in the
matrix as follows:

(8 Vaueof 3 orlessand chromaof O; or
(b) Value of 4 or more and chroma of 1 or less; or

(c) Any vaue, chromaof 2 or less, and redox
concentrations; or

b. Does not have the combination of aquic conditions
within 50 cm of the soil surface or artificial drainage and
colors, moigt, as defined in item 2-a-(3) above, and has soil
structure or the absence of rock structure in more than one-
half of the volume and one or more of the following
properties:

(1) Higher chroma, higher value, redder hue, or higher
clay content than the underlying horizon or an overlying
horizon; or

(2) Evidence of the removal of carbonates or gypsum;
and

3. Has properties that do not meet the requirements for an
anthropic, histic, folistic, melanic, mollic, plaggen, or umbric
epipedon, a duripan or fragipan, or an argillic, calcic, gypsic,
natric, oxic, petrocalcic, petrogypsic, placic, or spodic horizon;
and
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4. Isnot part of an Ap horizon and does not have a brittle
manner of failurein morethan 60 percent of the matrix.

Duripan

A duripan (L. durus, hard; meaning hardpan) is a subsurface
horizon that is cemented by illuvial silicato the degreethat less
than 50 percent of the volume of air-dry fragments slake in water
or during prolonged soaking in acid (HCl). See photos 19 and 20.
Duripansvary in the degree of cementation by silica. In addition,
they commonly contain accessory cements, chiefly calcium
carbonate. As a conseguence, duripans vary in appearance.
They generaly arevery firm or firmer and are alwaysbrittle, even
after prolonged wetting. They grade into and can occur in
conjunction with petrocalcic horizons, mostly in semiarid and
arid regions. They also grade into noncemented earthy materials
and into the fragipans of humid regions.

Genesis

Duripansoccur mostly in soilswith axeric or aridic moisture
regime (defined later), that is, in soilsthat are seasonally dry or
are usually dry. Most soils that have a duripan have a moisture
regimein which soluble silicamight be expected to be
translocated into lower horizons but not out of the soils.

Geographically, duripans arelargely in areas affected by
volcanism. Soils may show evidence of recent ash deposition,
or they may be forming in sediments derived from pyroclastic
materials, such as tuffs and ignimbrites. Many duripans occur
in soils that contain an appreciable amount of volcanic glassin
the overlying horizons, which suggests the importance of
soluble silica to the genesis. Glass tends to weather readily, and
the weathering can liberate soluble silicates at a rapid rate.
Duripans are not limited to soils derived from volcanic
materials. Weathering of ferromagnesian minerals and
feldspars may also contribute to the formation of a duripan.

The parent materials of many soils that have a duripan
contain only a small amount of calcium. If calcium is
abundant, a calcic or petrocalcic horizon tends to occur with
the duripan.

In the initial stages of duripan formation, much of the silica
cementation appears to occur at or close to the weathering site
of the mineral grain or glass chard. Monosilicic acid in the
solution is adsorbed on soil grains, polymerizes, and
precipitates as the soil dries. Silt- and clay-sized particles can
then be cemented to the grains by the precipitated silica,
forming microaggregates. These microaggregates can grow in
size.

Alternatively, silicais adsorbed to the surface of the soil
particles, forming bridges that cement grains without
completely plugging small voids between the grains. This
process continues until roots and the downward movement of
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the soil solution are stopped. At this point laminar caps
composed dominantly of silicaand calcite can develop.

Once formed, aduripan may become broken into blocky
fragments, perhaps by earthquakes or dight volume changes
resulting from wetting and drying. Before a layer can be
considered a duripan, the lateral spacing of cracks wide enough
to allow the entry of feeder roots must average 10 cm or more.

Appearancein an Arid Climate

The strongly cemented to indurated duripansin areas of arid
climates (an aridic moisture regime, defined |ater) have an abrupt
upper boundary and are commonly platy. The plates are roughly
1to 15 cm thick. In many of these pans, the pores and the
surfaces of the plates are coated with opal and with some
birefringent material that is probably a microcrystalline form of
silica. Carbonates generally are present in small to large
amounts. Roots commonly are between the plates. More than
50 percent of the cementation can be destroyed by alternately
soaking fragments of the pan in acid and concentrated alkali.
The acid is used to destroy any cementation by carbonates. If
some of the cements are carbonates or if a petrocalcic horizon
is present, less than 50 percent of the cementation is destroyed
by soaking the fragments in acid, but more than 50 percent is
destroyed by soaking the fragments in concentrated alkali,
either as a single treatment or by alternating treatments with
acid. The presence of athin, continuous layer of opal, which is
insoluble in acid, indicates enough cementation by silica to
satisfy the requirements for a duripan. A duripan and a
petrocalcic horizon can occur together within the same
horizon. If a horizon is cemented and meets the criteria for a
petrocalcic horizon, any continuous horizon within the
cemented layers that does not slake, in 50 percent or more of
the volume, in acid is also considered a duripan. Commonly, a
nearly continuous layer of secondary silica occurs in the part of
the horizon that does not slake in acid.

The forms of a duripan that are transitional to regolith in
arid regions are mostly massive and firm or very firm when
moist and are brittle at all moisture states. Laminar caps of
silica and coatings of silica on plates are uncommon. For a
horizon to be a duripan, more than 50 percent of the horizon
must not slake in water or in HCl and the horizon must have at
least (1) afew vertical opal coatings, (2) some opal or other
forms of silica partly filling interstices or forming bridges
between sand-sized mineral grains, or (3) some silica coatings
or pendants on the undersides of rock and pararock fragments.
Moistened specimens of these forms of the duripan commonly
show a dull glassy luster when viewed under a hand lens. The
most weakly cemented forms of these transitional duripans can
be penetrated with some difficulty by a hand-powered soil
auger. Under irrigation, such horizons commonly are slowly
permeable to water, and, except in cracks, they are virtually
impenetrable to the roots of most plants.
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Appearancein aMediterranean Climate

In areas of Mediterranean climates (axeric moistureregime,
defined later), the pan commonly has an abrupt upper boundary
and is broken into very coarse prisms or into polyhedrons that
areroughly 30 cmto 3 m or morein diameter. Coatings of opal
partly line the faces of the prisms and many of the pores. Roots
are absent in the prisms, except in cracks, and are commonly
matted on the upper boundary of the pan and on the sides of the
prisms. The prisms may have been formed by the slight volume
changes that result from wetting and drying. This process of
formation is suggested by the absence of prismsin the duripans
of arid regions.

The more strongly cemented pans of Mediterranean regions
have opal coatings over the tops of the polyhedrons as well as
on the sides, and the coatings are thicker than in the more
weakly cemented pans. Water often perches on top of the pan
during the rainy season. Coatings of iron, manganese, and
oriented clay may be observed on many of these pans.
Subsequent deposits of opal could engulf such coatings and
give rise to a cementation that can be broken down only by
repeated alternating treatments with solutions of acid and
concentrated alkali. Carbonates may be present above the pan
or in any part of it, or they may be completely absent. These
observations indicate that carbonates are not an essential part
of the pans.

The most weakly cemented forms of the duripansin a
Mediterranean region are mostly transitional to regolith.
Brittleness is pronounced at all moisture states, but most of the
pans can be penetrated with some difficulty by a hand-powered
soil auger. When dry, most of the pans are very hard and are
slowly permeable.

In areas of more humid climates (a.udic moistureregime,
defined later), many of the duripans arein soils that have andic
soil properties (defined later) in some overlying horizons. Some
have characteristics transitional to a fragipan (described
later). Some have redoximorphic features of gray and strong
brown. Secondary carbonates and salts are absent in these
pans. The cementation in the pan must be strong enough for
less than 50 percent of dry pan fragments to slake when placed
inwater. Some horizons meet the requirementsfor afragipanif
more than 50 percent of dry pan fragments slake when placed in
water.

Required Characteristics

A duripanisasilica-cemented subsurface horizon with or
without auxiliary cementing agents. It can occur in conjunction
with a petrocalcic horizon.

A duripan must meet all of the following requirements:

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

2. The pan shows evidence of the accumulation of opal or
other forms of silica, such as laminar caps, coatings, lenses,
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partly filled interstices, bridges between sand-sized grains, or
coatings on rock and pararock fragments; and

3. Lessthan 50 percent of the volume of air-dry fragments
dakesin 1IN HCIl even during prolonged soaking, but more
than 50 percent slakesin concentrated KOH or NaOH or in
alternating acid and alkali; and

4. Because of lateral continuity, roots can penetrate the pan
only along vertical fractures with 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 cm 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 abic
horizon. The fragipan has strongly developed fragic properties
(defined below). Commonly, it hasarelatively 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 moigt, it has a brittle manner of failure
in 60 percent or more of the volume. The term “manner of
failure” refersto the tendency of 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, show evidence
of translocation of clay, and have low or very low saturated
hydraulic conductivity. Some fragipans consist of albic
materials (defined below).

Most fragipans have very coarse prismatic structure. Some
have weak to strong, thick platy or lenticular structure within
the prisms. In others, the secondary structure is more nearly
weak coarse blocky than platy. Some fragipans have
transitional structure between platy and blocky. Some have no
secondary structure, and some appear to be massive. Many
have bleached, roughly vertical faces or borders of prisms that
look like seams in vertical cross section. The spacing of any
separations or bleached seams that are between the structural
units and allow the entry of roots averages 10 cm or more on
the horizontal dimensions.

The seams commonly have less clay in the upper part than
inthelower part. They form apolygonal pattern in horizontal
cross section. Most commonly, a fragipan has an abrupt or
clear upper boundary at a depth of 50 to 100 cm below the
original soil surface. The pan rangesfrom about 15 to 200 cm
in thickness. The lower boundary commonly is gradual or
diffuse. A fragipanisvirtualy free of roots, except in the
bleached seams and on the faces of prisms. In many fragipans
the bleached materials are not brittle when moist, although
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they may be hard when dry. Photo 21 shows a fragipan that
begins at a depth of about 50 cm and has bleached seams
between peds. Clay films are on the faces of peds or on pore
fillings. Oriented clay isin the matrix of somefragipans.
Fragipans consisting of albic materials commonly do not have
bodies of oriented clay.

Significanceto Soil Classification

Any continuous horizon that impedes movement of water
and the growth of roots is important to soil classification,
particularly for interpretations of soils for plant growth and for
engineering manipulations. Water stands above the pan in a
level soil and moves laterally along the top of the pan in a
doping soil. Even though the processes that produce fragipans
are imperfectly known, these pans are restricted in their
climatic range and natural vegetation and are believed to be
genetic.

Genesis

The genesis of fragipansis obscure (Grossman and Carlisle,
1969). Theformation of the density and brittleness of afragipan
has been varioudly attributed to physical ripening, the weight of
glaciers, permafrost processes, and other events during the
Pleistocene. Some of the properties of some fragipans are
inherited from buried paleosols. The authors cited in the review
by Grossman and Carlisle @l consider fragipans to be pedogenic
soil horizons, regardless of whether or not the density and
brittleness are pedogenic, on the basis of the following
evidence:

1. Fragipans show evidence of pedogenesis, other than
density and brittleness, including one or more of the
following—oriented clay in the matrix or on the faces of peds,
albic materials or coatings of albic materials on the faces of
peds or in seams, soil structure, and redoximorphic features in
the matrix or on the faces of peds.

2. Thefragipan isroughly parallel to the soil surface.

3. The upper boundary of most fragipans has a narrow depth
range of about 50 to 100 cm below the surface, if the soil is not
eroded. This range in depth has been observed in northern
Michigan, in southern Mississippi, in New Zealand, in
Scotland, and in Italy. The extreme range in depth from the
surface in soils that have not been eroded or buried seemsto be
from about 25 to 150 cm. This narrow range would be a
remarkable coincidence if the fragipans were not soil horizons.

4. The parent materials have common features, including a
loamy texture, few or no carbonates, and an appreciable
content of silt or very fine sand.

5. Fragipans of similar morphology underlie a variety of
horizons, including spodic, argillic, cambic, and albic
horizons.

6. Fragipans form only in soils in which water moves
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downward through the profile. They are commonly at depths
that rarely freeze.

7. Ifasoil hasan E horizon and aB’t horizon, the fragipan
may be in the lower part of an argillic horizon or even in the
eluvia horizon that separates the two B horizons. Thus, it
occurs in otherwise eluvial or illuvia horizons.

8. Fragipans most commonly occur in soils that formed under
forest vegetation.

The polygonal network of bleached materialsis formed by
reduction of free iron after water has saturated the cracks. The
bleached materials commonly are bounded by athin zone in
which iron has been concentrated. Other things being equal,
the structural units are smallest in the finest textured materials.
For a given texture, structure tends to be larger if the dry
season is short or mild rather than long or intense. Structural
units, with bleached surfaces, are rare or absent in the coarsest
textured materials.

If an argillic horizon overlies a fragipan, movement of clay
down the faces of structural units generaly is indicated by
relatively thick clay films on the lower parts of the structural
units and by pedotubules within the peds.

Examination of the interiors of prisms shows close packing
of the mineral grains and bodies of oriented clay. The close
packing is consistent with the high bulk density of the fragipan
relative to the density of the overlying horizons.

The hardness of the fragipan when dry is largely attributed
to the close packing and to binding by clay. Binding by clay
alone, however, does not account for the brittleness of the pan
when it is moist. The brittleness may be the result of weak
chemical binding by one or more agents, not necessarily the
same in al kinds of soil. The higher pH of a fragipan that
underlies a spodic horizon suggests some consistent difference.
Hydrogen bonding with amorphous aluminosilicates has been
suggested in the literature. One piece of field evidence
supporting the hypothesis of weak chemical binding is that one
can find fragipans in which the brittleness appears to have
been partly or completely destroyed. Some soilsin very old
arable fields in Belgium lack brittleness, but they retain the
color pattern. A weak fragipan is present in the adjacent fields.
The patterns of polygonal bleaching can be very well
developed, but the brittleness may be observable in only a small
part of the horizon near the center of the prisms. Fine feeder
roots ramify the nonbrittle parts of the prisms. The amount of
nonbrittle materials ranges from none to well over two-thirds
of the volume of the horizon.

A second piece of field evidence for weak chemical binding
is that, when exposed on streambanks, at least some fragipans
seem more stable than either the overlying horizons or the
underlying materials. The overlying and underlying materials
commonly slump in the exposures, and the fragipan protrudes.
The bleached materials on the sides of the prismsin the
protruding fragipan are commonly washed out by rain, after
which the brittle parts are exposed as separated prisms. At this
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time, the evidence about the cause of the brittlenessis
conflicting.

Whereafragipan formedintill, itsrelatively high bulk density
may be attributed partly to the weight of the glaciers, to physical
ripening, or to consolidation within alayer of permafrost. Yet,
many if not all of the fragipans seem to reflect the influence of
other factors. One factor is presumed to be pressure generated
by very dlight shrinking and swelling. When dry, apan normally
has very fine cracks between the prisms, and very fine sand, silt,
and clay might be washed into these cracks when the dry
season ends. Then, when the pan is remoistened, it swells very
dightly. Theforce of swelling, however, is opposed by the
materials that have moved into the cracks between the prisms
and by the weight of the soil above. The internal pressure thus
generated may be responsible for part of the compaction. A
second factor isthe inertness of the pan. Swelling and shrinking
produce little soil movement. Soil fauna seem to be absent, and
roots, restricted to the bleached zones between the prisms, are
mostly oriented vertically and do not lift the soil asthey grow.
The pressure generated by the growth of the woody tree roots is
lateral, not vertical. The common flattened shape of the roots
atteststo the pressure. Freezing and thawing are minimal. In
areas that support native vegetation, it is doubtful that many
fragipans ever freeze. Freezing is unlikely because of the depth
of the fragipan and the insulation provided by the O horizons
and by snow.

I dentification

Four factors areimportant in identifying afragipan.

First, a fragipan must have a minimum thickness. A
thickness of 15 cm or more is thought to be thick enough to
impart the interpretations for plant growth and for engineering
manipulations and to separate the fragipan from plowpans,
other compacted surface layers, or compacted layers near the
surface.

Second, a fragipan shows evidence of pedogenesis, in
addition to density and brittleness. This evidence, in the
matrix, on faces of peds, or in seams, isin the form of bodies of
oriented clay, clay films, albic materials, and/or both
redoximorphic features and soil structure. The evidence of
pedogenesis is needed to separate the fragipan from dense
parent materials (densic materials), such as dense till and
volcanic mudflow material.

Third, a fragipan has a combination of properties that
restrict the penetration of roots and water from 60 percent or
more of the volume of the horizon. Roots are restricted, except
in nearly vertical zones that form the boundaries between very
coarse structural units. The structural units are commonly
polyhedral in horizontal cross section and average 10 cm or
more across. Material within the structural units is massive, is
platy, or has weak blocky structure and has a firm or firmer
rupture-resistance class and a brittle manner of failure at or
near field capacity. Some fragipans are massive and are
restrictive throughout the horizon.
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Fourth, air-dry fragments of the natural soil fabric, 5to 10
cmin diameter, from more than 50 percent of the horizon slake
when they are submerged in water. This property separates
fragipans from duripans and other cemented horizons.

In the United States, soils that have a small amount of
plinthite normally are brittle in at least some parts of the
horizons that contain the plinthite. Some of these horizons
meet the requirements for a fragipan. At this stage of
knowledge, it is not clear that such horizons should be
considered fragipans. Where they are at depths comparable to
those of fragipans in other soils, however, the effects on plants
and on engineering uses of the soils are the same. For
pragmatic reasons, therefore, such horizons that have an upper
boundary within 100 cm of the mineral soil surface are
considered fragipans.

Required Characteristics

To beidentified as afragipan, alayer must have all of the
following characteristics:

1. Thelayer is 15 cm or more thick; and

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

3. Thelayer 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, 5to 10 cmin
diameter, from more than 50 percent of the horizon slake when
they are submerged in water; and

5. Thelayer has, in 60 percent or more of the volume, afirm
or firmer rupture-resistance class, a brittle manner of failure at
or near field capacity, and virtualy no roots.

GlossicHorizon

The glossic horizon (Gr. glossa, tongue) develops as aresult
of the degradation of an argillic, kandic, or natric horizon from
which clay and freeiron oxides are removed (photo 22). The
material between the peds resulting from this removal is albic
material (defined below). The process of eluviation gradually
progresses from the exteriors of the peds to their interiors. In
the early stages of development, the peds of the remnant
argillic, kandic, or natric horizon still form structural units that
extend throughout the glossic horizon, constituting close to 85
percent of its volume. In this early stage, the albic materials,
when viewed in vertical cross section, resemble tongues
extending into the horizon from the top. In the 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 congtitute little more than 15 percent (by
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volume) of the glossic horizon and are completely surrounded
by albic materials. The boundary between theilluvial and eluvial
parts of the glossic horizon may be either abrupt or clear and
either irregular or broken.

A glossic horizon generally occurs between an overlying
albic horizon and an underlying argillic, kandic, or natric
horizon or fragipan. It can lie between an argillic, cambic, 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.

Required Characteristics
Theglossic horizon is5 cm or more thick and consists of:

1. Anduvia part,i.e., abic materials (defined below), which
congtitute 15 to 85 percent (by volume) of the glossic horizon;
and

2. Anilluvia part, i.e., remnants (pieces) of an argillic,
kandic, or natric horizon (defined below).

GypsicHorizon

The gypsic horizon is an illuvia horizon in which
secondary gypsum has accumulated to a significant extent
(photo 23). Most gypsic horizons occur in arid environments
where the parent materials are rich in gypsum. In soils that
have ground water near the surface, capillary rise and
evaporation plus transpiration can result in significant
accumulations of gypsum.

Gypsum may accumulate uniformly throughout a matrix of
sand and finer textured material or as masses or clusters of
crystals. In gravelly or stony material, it may accumulate in
pendants below the rock fragments.

Because of its solubility, gypsum can dissolve in soils and
cause damage to buildings, roads, irrigation delivery systems,
earthen dams, and other structures.

Required Characteristics
A gypsic horizon has all of the following properties:
1. 1s15cm or more thick; and

2. Isnot cemented or indurated to such a degree that it meets
the requirements for a petrogypsic horizon; and

3. 1s5 percent or more gypsum and 1 percent or more (by
volume) secondary visible gypsum; and

4. Hasaproduct of thickness, in cm, multiplied by the
gypsum content percentage of 150 or more.
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Thus, ahorizon 30 cm thick that is 5 percent gypsum
qualifiesasagypsic horizonif it is 1 percent or more (by
volume) visible gypsum and is not cemented or indurated to
such a degree that it meets the requirements for a petrogypsic
horizon.

The gypsum percentage can be cal culated by multiplying the
milliequivalents of gypsum per 100 g soil by the
milliequivalent weight of CaSO,-2H,0, which is 0.086.

Kandic Horizon*
Genesis

A kandic horizon is a subsurface horizon that has a
significantly higher percentage of clay than the overlying
horizon or horizons and has an apparent CEC of 16 cmol(+) or
less per kg clay (by 1IN NH,OAc pH 7) and an apparent ECEC
of 12 cmol(+) or less per kg clay (sum of bases extracted with
1IN NH,OAc pH 7 plus IN KCl-extractable Al) in 50 percent or
more of the soil volume in the upper 100 cm or to a densic,
lithic, paralithic, or petroferric contact if shallower. The clay-
sized fraction is composed predominantly of 1:1 layer silicate
clays, mainly kaolinite, with varying amounts of oxyhydroxides
of iron and aluminum. Clay films may or may not be present.
(The percentage of clay is either measured by the pipette
method or estimated to be 2.5 times [percent water retained at
1500 kPa tension minus percent organic carbon], whichever
value is higher, but no more than 100.)

Textural differentiation in pedons with kandic horizons may
result from one or more processes acting simultaneously or
sequentially, affecting surface horizons, subsurface horizons, or
both. These processes are not all clearly understood, although
the most important ones can be summarized as follows:

1. Clay duviation and illuviation.—In some soilsit is
often difficult to find clear evidence, even by
micromorphological analysis, that the higher clay content in
the B horizon is aresult of accumulation by illuviation of layer
silicate clays. Specifically, clay films (cutans) may be
completely absent, or they may be present only at depths below
the control section used in classification. In other soils clay
films may have been destroyed by biological activity or
pedoturbation processes. High concentrations and strong
activity of soil faunain soils of tropical and subtropical aress,
where kandic horizons are common, may cause the partia or
total disappearance of clay films to a considerable depth over
time.

Many of the soils with kandic horizons that probably have
formed by illuvial processes occur on stable geomorphic
surfaces. On stable surfaces the illuviation process may no
longer be operative or at least may be acting so slowly that
mixing by soil organisms is more rapid than the formation of

1The concept of the kandic horizon and the“ kandi” and “kanhapli” great groups of soils
represent thework of the International Committee on the Classification of Low Activity Clays
(ICOMLAC), chaired by Dr. Frank R. Moormann.
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clay films. Under these conditions, clay filmsmay be evident in
some pedons but not in other nearby pedons that otherwise
have similar morphol ogy. Even within the same horizon of a
single pedon, some peds may have clay films while others do
not.

2. Clay destruction in the epipedon.—Weathering of
layer silicates may lead to arelative loss of clay in soils. The
loss generally is greatest in the upper horizons, where
weathering processes are most intense. Elimination of bases
and some silicais enhanced by high surface soil temperatures
in well drained soils with high rates of leaching. Because this
process affects surface horizons more than subsoil horizons, a
vertical textural differentiation may result. This process may
also have resulted in the absence of clay filmsin the lower
horizons of highly weathered soils on old stable surfaces. A
related process that occurs in surface horizons that are
periodically wet may also result in similar textural
differentiation.

3. Selective erosion.—Raindrop splash and subsequent
surface soil erosion cause the smallest soil particlesto be
moved farther downslope than the larger particles. Eventually,
part of the fine fraction may be eliminated from the surface
layer of doping soils, leaving a coarser textured surface layer.
The speed of this process depends on many factors. It may be
very rapid in climates with highly erosive rains or on soils with
little plant cover. The surficial movement of clay downslope
seems to be widespread, and selective erosion probably is a
major process leading to textural differentiation. The process
appears to be enhanced by periodic fire or by intermittent
cultivation, such as the shifting cultivation practiced for
thousands of years in areas where these soils occur.

4. Sedimentation of coarsetextured surface
materials—Lithologic discontinuities are probable on stable
landscapes in many intertropical areas. In many of the soils of
these areas, the surface layer is coarser textured than the
subsoil. Because al of the soil material is highly weathered,
however, stratification is not evident. If the finer textured
subsoil fulfills the requirements for the kandic horizon and the
surface layer is not composed of fine strata of recent material,
the subsoil horizon is classified as a kandic horizon.

Significance to Soil Classification

The kandic horizon provides a basis for differentiation
among soils with clay accumulation in the subsoil. The argillic
horizon alone does not provide an adequate diagnostic criterion
to differentiate all Ultisols and Alfisols from Oxisols and
Inceptisols. The kandic horizon is a diagnostic horizon that
separates Ultisols and Alfisols in which the clay fraction has
clay minerals with low CEC, comparable to Oxisols, from
Ultisols and Alfisols that have clay minerals with high CEC.
Textural differentiation in most low-activity clay soils by itself
is believed to be sufficiently important for the understanding of
soil development and use and should be recognized at a high
level of the classification system. In soils with clayey surface
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horizons, however, the textural differentiation |oses much of its
significance. Most low-activity clay (LAC) soilsthat have, after
mixing of the upper 18 cm, morethan 40 percent clay inthe
surface horizon will be Oxisols, although a few that have LAC
and the clay increase necessary for an argillic or kandic
horizon but have significant amounts of weatherable minerals
will remain “kandi” Ultisols or Alfisols.

The presence of a kandic horizon indicates a high degree of
weathering of the mineral soil material, such as that in soils on
old surfaces where weathering has taken place under warm
climatic conditions with moderate to high precipitation. The
high degree of weathering is reflected by a dominance of 1:1
layer silicate clays and oxyhydroxides of iron and aluminum,
although small amounts of 2:1 layer silicate clays may aso be
present. There is a general absence of short-range-order
minerals, such as allophane or imgolite. The composition of
the 0.02 to 0.2 mm fraction does not always reflect the same
degree of weathering, especially in soils that formed in
weathering products of crystalline rocks. Thus, no weatherable
mineral content is specified in the definition of the kandic
horizon.

I dentification

The kandic horizon is a vertically continuous subsurface
horizon (not composed of lamellae) with a significantly finer
texture than the overlying horizon or horizons. It may underlie
an ochric, umbric, anthropic, or mollic epipedon. The upper
boundary normally is clear or gradual, although it may be
abrupt. It is never diffuse. The increase in clay content is
reached within a vertical distance of 15 cm or less.

The top of the kandic horizon is within one of the following
depths:

1. If the particle-size class throughout the upper 100 cm is
sandy, the upper boundary is at a depth between 100 and 200
cm from the soil surface in most of the pedon.

2. If the clay content of the surface horizon is less than 20
percent and the particle-size class (of part or al of the upper
100 cm) is finer than sandy, the upper boundary is at a depth of
less than 125 cm from the soil surface.

3. If the clay content of the surface horizon is 20 percent or
more, the upper boundary is at a depth of less than 100 cm
from the mineral soil surface.

Textures coarser than loamy very fine sand are excluded
from the definition of the kandic horizon. The presence or
absence of clay films, identified by field examination, or cutans
in thin sections, is not a differentiating characteristic for
kandic horizons.

Other field characteristics of kandic horizons are not
normally diagnostic, since these horizons may have properties
of theargillic, cambic, or oxic horizon. Some soilswith kandic
horizons resemble those with argillic horizonsin that they have
awell developed subangular blocky structure, while bleached



grains of sand and silt may be present in the overlying coarser
textured horizon or horizons. Theratio of fineclay (particles
smaller than 0.2 micrometer) to total clay may belarger inthe
kandic horizon than in the overlying coarser textured horizon or
horizons but is not diagnostic.

Other kandic horizons have one or more properties of oxic
horizons and would be called oxic horizons if they did not have
adistinct increase in content of clay at the upper boundary.
This rationale is comparable to that used for pedons dominated
by more active clays where an argillic horizon would be called
a cambic horizon if it did not have the characteristic increase
in content of clay at the upper boundary.

A kandic horizon is not overlain by layers more than 30 cm
thick that show fine stratification and/or have an organic-
carbon content that decreases irregularly with increasing depth,
unless it is a buried horizon. The kandic horizon also does not
show fine stratification and/or have an organic-carbon content
that decreases irregularly with increasing depth.

Required Characteristics
The kandic horizon:

1. Isaverticaly 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, paralithic, or petroferric contact (defined
below) within 50 cm of the mineral soil surface; and

2. Hasits upper boundary:

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

(1) 4 percent or more (absolute) higher than that 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 that 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 that in the
surface horizon if that horizon has more than 40 percent
total clay in the fine-earth fraction; and

b. At adepth:

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

(2) Within 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; or

(3) Within 125 cm from the mineral soil surface for all
other soils; and
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3. Hasathicknessof either:
a. 30cmor more; or

b. 15cmor moreif thereisadensic, lithic, paralithic, or
petroferric contact within 50 cm of the mineral soil surface
and the kandic horizon constitutes 60 percent or more of the
vertical distance between a depth of 18 cm and the contact;
and

4. Hasatexture of loamy very fine sand or finer; and

5. Has an apparent CEC of 16 cmol(+) or less per kg clay (by
1IN NH,OAc pH 7) and an apparent ECEC of 12 cmol(+) or
less per kg clay (sum of bases extracted with IN NH,OAc pH 7
plus IN 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, lithic, paralithic, or petroferric contact if
shallower. (The percentage of clay is either measured by the
pipette method or estimated to be 2.5 times [percent water
retained at 1500 kPa tension minus percent organic carbon],
whichever is higher, but no more than 100); and

6. Hasaregular decrease in organic-carbon content with
increasing depth, no fine stratification, and no overlying layers
more than 30 cm thick that have fine stratification and/or an
organic-carbon content that decreases irregularly with
increasing depth.

NatricHorizon

The natric (modified from natrium, sodium; implying the
presence of sodium) horizon is a special kind of argillic
horizon (photo 24). The dispersive properties of sodium
accelerate clay illuviation. Research has shown that natric
horizons form in Holocene-age soils, even in arid or semiarid
environments.

The effect of sodium on dispersion of clay and on the
formation of a B horizon of illuvia clay has long been
recognized. The effect of magnesium ions on dispersion of clay,
however, is till inconclusive. Laboratory studies seem to show
but dlight difference between the effects of magnesium and the
effects of calcium. Yet, it is common for soils with alarge
amount of exchangeable magnesium to have poor physical
properties. The reasons for the poor physical condition are
uncertain. Magnesium is considered in the definition of the
natric horizon because, as sodium is removed, magnesium
follows in the leaching sequence if chlorides are low and
sulfates high. If leaching continues, the magnesium is
eventually replaced. When replacement reaches the point
where the amount of exchangeable sodium is less than 15
percent and the amount of magnesium and sodium is less than
that of calcium and exchange acidity in upper subhorizons that
have a total thickness of 40 cm or more, the horizon is no
longer considered natric. The remains of such former natric
horizons are evident in soils in which the columnar structure is
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clearly evident but all other properties have been atered
because of a greatly changed environment or continued
leaching.

Required Characteristics

The natric horizon has, in addition to the properties of the
argillic horizon:

1. Either:

a. Columns or prisms in some part (generally 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 horizons within 40 cm of its upper
boundary; or

b. More exchangeable magnesium plus sodium than
calcium plus exchange acidity (at pH 8.2) in one or more
horizons within 40 cm 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 cm of the mineral soil surface.

Ortstein

Ortstein is a cemented horizon that consists of spodic
materials.
Ortstein has one of the following orientations:

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

2. Asvertical to irregular columns, tongues, pillars, or
bridges. This orientation tends to be less root restrictive than
the horizontal orientation. Vertical 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. Because of this continuity,
roots can penetrate only along vertical fractures with a
horizontal spacing of 10 cm or more.

Ortstein is differentiated from a placic horizon within
spodic materials solely on the basis of thickness. Placic
horizons within spodic materials are less than 25 mm thick,
and ortstein is 25 mm or more thick.

Required Characteristics
Ortstein has all of the following:
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1. Consistsof spodic materials; and
2. lIsinalayer that is50 percent or more cemented; and

3. Is25mmor morethick.

OxicHorizon

The oxic horizon is a mineral subsurface horizon of sandy
loam or afiner texture with alow cation-exchange capacity
and alow content of weatherable minerals. It is at least 30 cm
(12 in) thick. The clay-sized fraction generally is dominated by
kaolinite with or without iron and aluminum oxyhydrates and
with few or no other lattice silicate minerals, except for
hydroxy interlayered vermiculites. The silt and sand fraction of
the oxic horizon is generally dominated by quartz with some
other resistant minerals. Weatherable minerals that are
potential sources of plant nutrients (K, Ca, and Mg) may be
present only if they do not exceed 10 percent of the 50- to 200-
micron fraction. Rock fragments or lithorelicts may be present
only if they are coated with sesquioxides or if the included
weatherable minerals are completely altered.

Where dispersion is a problem, 3 times (percent water
retained at 1500 kPa tension minus percent organic carbon) is
used to estimate clay content. The apparent CEC, by the 1IN
NH,OAc pH 7 method, is equal to or less than 16 cmol(+) per
kg of clay, and the apparent effective CEC (ECEC), as
determined by the sum of NH,OAc displaced bases plus 1IN
K Cl-extractable aluminum, is equal to or less than 12 cmol(+)
per kg of clay. The mineralogy and charge characteristics
exclude horizons containing significant quantities of short-
range-order minerals. The oxic horizon does not have andic
soil properties. Some oxiclike horizons may have high amounts
of low-chargeillite, but they have more than 10 percent
muscovite in the 50- to 200-micron fraction and are thus
excluded from oxic horizons because muscovite is considered a
weatherable mineral.

The upper boundary of the oxic horizon is either 18 cm
below the mineral soil surface or at the lower boundary of an
Ap horizon, whichever is deeper, or it is 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.

Significance to Soil Classification and Use

One important attribute of the oxic horizon isthat it is
almost devoid of primary weatherable minerals. Thus, further
weathering will release few plant nutrients.

Another important attribute is that in many soilswith oxic
horizons the clay content is relatively constant with increasing
depth, indicating little or no clay mobility, which suggests a
high order of stability in the clay fraction of these soils. This
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stability has been attributed to cementation by sesquioxides.
Oxic horizons generally have only traces of water-dispersible
clay if their net charge is near zero, but this characteristic is
also shared by some other horizons.

A third attribute of most oxic horizonsis a stable fine and
very fine granular structure and thus the friable and porous
nature of the horizon. Bulk densities are generally low,
commonly near 1 g/cm? in fine and very-fine particle-size
classes. Macrostructure may be angular or subangular blocky,
but the grade of blocky structure is generally weak.

These and other attributes directly or indirectly influence
the performance of soils having oxic horizons. The very low
cation-exchange capacity is an important consideration in soil
management. In addition, some oxic horizons have a high
capacity to adsorb anions and make some of the anions,
especially phosphates, unavailable to plants. Large amounts of
phosphate may need to be added as an initial amendment to
overcome the fixation capacity. Cations may need to be added
frequently and in small amounts to compensate for leaching
losses. The low CEC, where dominated by exchangeable Al, is
often an advantage in that only small amounts of basic cations
are needed to increase the base saturation percentage. Further,
the ease with which basic cations are leached makes the
chemical deepening of the root zone feasible via continued
applications of lime or gypsum.

Although oxic horizons commonly contain high amounts of
clay, their tendency to form a strong grade of very fine or fine
granular structure may give them characteristics similar to
those of sands. The horizons have alow available water-
holding capacity because most of the pores are either very large
between the granules (and thus do not retain water against the
forces of gravity) or are very small within the granules (and
thus retain water at too great a tension to be extracted by
plants). Plants may show evidence of moisture stress after only
aweek without rain. Although the low available water-holding
capacity is most limiting to shallow-rooted plants, yields of
deep-rooted trees, such as rubbertree and oil pam, are also
known to decline because of moisture stress.

It is considered desirable to identify soil horizons that are
nearly sterile mineralogically because they are unable to supply
basic cations through the continued weathering of primary
minerals. As such, the oxic horizon can be considered a
counterpart of the cambic horizon, which has a greater content
of weatherable minerals. As with the cambic horizon, the
exclusion of certain sandy textures is admittedly arbitrary. In
the case of the oxic horizon, however, it is considered
necessary to preserve the uniformity of the horizon with
materials that have enough clay to reflect the low CEC nature
and structural tendencies.

When considered in the vertical sequence of a sail profile,
an increase in clay content with increasing depth may be
associated with increased grades of blocky structure not
common to the central concept of the oxic horizon. Where the
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increase in clay content isbelow coarser textured surface
horizons, a small increase in the amount of clay appears more
significant to moisture relationships than where the surface
horizon is clayey. Thisincrease is especially significant in the
interpretation of soils that have been subject to accelerated
erosion. Where the coarser textured surface horizons are
eroded in cultivated areas and finer textured subsoil material
becomes incorporated into the plow layer, spatial heterogeneity
with respect to the characteristics of the plow layer develops.
Thus, this pattern is considered more closely related to soils
that have argillic horizons than to soils that do not have rather
abrupt increases in clay content with increasing depth.
Therefore, some horizons with many oxic horizon properties,
such as low CEC and an absence of weatherable minerals, are
classified as kandic horizons and may be part of Ultisols and
Alfisols rather than Oxisols if there is less than 40 percent clay
in the upper 18 cm.

The identification of an oxic horizon in most soils requires
that the increase in clay content with increasing depth not
exceed 1.2 times the clay content in the overlying horizons
within a vertical distance of 15 cm (gradual boundary limit) if
the surface horizon contains 20 to 40 percent clay. If the
surface horizon contains more than 40 percent clay, an oxic
horizon must have an absolute clay content increase of less
than 8 percent within avertica distance of 15 cm. If the
surface horizon contains less than 20 percent clay, the oxic
horizon must have an absolute clay content increase of less
than 4 percent in avertical distance of 15 cm. These are
admittedly arbitrary limits, but they lend themselves to
consistent identification in the field and rather easy verification
by laboratory techniques.

Genesis

Oxic horizons are generally in soils on very old stable
geomorphic surfaces. They may occur in soils on younger
surfaces if the parent rock is basalt, serpentine, or other easily
weathered rock or if the parent material is preweathered. Oxic
horizons are not common in soils on steep slopes where
rejuvenation of the soils takes place through erosion,
truncation, or lateral flow of base-enriched subsurface water.

Soils on old geomorphic surfaces that may date to the mid
or late Tertiary generally have been reworked. Many of the
surficial deposits are preweathered, transported over short
distances, and deposited, perhaps several times. After
deposition and stabilization of the landscape, weathering and
soil formation start anew. Stone lines composed of quartz or
petroplinthite are common in some of these soilsif the original
material could supply the stones. Quartz veins may be traced
through the saprolite but end abruptly or taper off at the stone
line, indicating that the material above the stone line has been
transported. Particle-size sorting may take place during
transport and deposition, and lithologic discontinuities are
common, although materials are very similar.



Horizons and Characteristics Diagnostic for the Higher Categories

Aswasindicated earlier, the parent materials may be
strongly preweathered. Weathering continues after deposition.
Theintensity of the weathering is afunction of environmental
conditions. In areasof aridic climates, thisisminimal, anditis
supposed that the oxic properties were attained during
previous, more humid phases of the climate or in poorly
drained environments or developed as the material weathered
in transport.

In the more easily weathered parent materials and when
climatic conditions are favorable, oxic horizons form in soils
on young surfaces and over arelatively short period. Leaching
and desilicification are the most important processes, resulting
in a deep solum. The weathering front moves rapidly down the
soils, and on many basic and ultrabasic rocks, there is no real
saprolitic zone because the oxic horizon rests on rock or on a
thin weathering crust. Primary minerals are altered to
kaolinite, and, simultaneously or at alater stage, gibbsite and
geothite also accumulate. Accidents of nature may occur,
leaving behind some partially weathered rock or mineral
fragments in the oxic horizon. These fragments are generally
rare and, if present, are frequently coated with sesguioxides.
Pseudomorphs of olivine and augite may be present in some
oxic horizons, but these are not considered indicators of a lack
of weathering.

On stable surfaces time has permitted homogenization of the
soil material by pedoturbation processes. It is also possible that
the active pedoturbation has disrupted and assimilated any
evidence of lessivage, such as clay films. Consequently, most
oxic horizons are uniform in color, texture, and other
mineralogical or chemical properties to great depths in the soil.
The pedoturbation processes have a so disrupted any rock
structure. In some saprolites weathering results in a
pseudomorphic alteration of feldspar phenocrysts to gibbsite,
the aggregates of which retain the original fabric.
Mineralogically and chemically, the saprolite may meet the
requirements for an oxic horizon, but it is not considered an
oxic horizon if it retains more than 5 percent rock fabric.
Booklets of kaolinite that formed through the pseudomorphic
alteration of biotite are considered weatherable mineras. In an
oxic horizon, these are disrupted and assimilated in the soil
material.

Soils with oxic horizons frequently occupy the upper part of
the landscape. The silica potential is very low in such soils.
These soils have a leaching environment in which there is no
possibility for synthesis of 2:1 clay minerals. Even in the wet
soils with oxic horizons, the recharging water may be so low in
bases and silica that, despite a high water table, the soils are
continuously flushed and leached. Isohyperthermic soil
temperature regimes and udic or perudic soil moisture regimes
are often considered optimal for the formation of oxic horizons,
but soils with oxic horizons are common in areas with ustic
soil moisture regimes or with isothermic soil temperature
regimes. They are rare in areas with aridic soil moisture
regimes and isomesic soil temperature regimes. Some oxic
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horizons are present in areas of soil temperature regimes other
than iso regimes, and, although paleoclimatic factors have been
attributed to their formation, parent material is also probably a
major contributor.

Required Characteristics

In summary, the oxic horizon is a subsurface horizon that
does not have andic soil properties (defined below) and has all
of the following characteristics:

1. A thickness of 30 cm or more; and

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

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

4. Rock structure in less than 5 percent of its volume, unless
the lithorelicts with weatherable minerals are coated with
sesquioxides; and

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

a. Lessthan 4 percent (absolute) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains less
than 20 percent clay; or

b. Lessthan 20 percent (relative) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains 20
to 40 percent clay; or

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

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

PetrocalcicHorizon

Thepetrocalcic horizonisanilluvial horizoninwhich
secondary calcium carbonate or other carbonates have
accumulated to the extent that the horizon is cemented or
indurated (photo 25).

In some soilsforming in parent materialsthat arerichin
carbonates or that receive regular additions of carbonatesin
dust, the calcic horizon tends in time to become plugged with
carbonates and cemented into a massive, continuous horizon.
There is also evidence that a petrocalcic horizon can form
through a process of limestone alteration by in situ dissolution



and reprecipitation of carbonates. Petrocalcic horizons are
mainly in soils older than the Holocene and seem to be a mark
of advanced soil evolution.

In areas with an abundant source of carbonates and silica,
petrocalcic horizons and duripans can occur within the same
pedon.

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 silica, 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 cm or more. If the fragments
are 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 and is very hard or
harder when dry and very firm or firmer when moist. Its
saturated hydraulic conductivity commonly is moderately low
to very low unless the horizon is fractured.

A laminar cap may be present but is not required. If oneis
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 carbonatesin at
least parts of the laminar subhorizon. Sand and gravel have
been largely pushed aside by crystallization of calcium
carbonate at the surface of the laminar horizon. Radiocarbon
dates of the organic and inorganic carbon indicate that this
laminar horizon is late Wisconsinan to Holocene in age and
that the cementation of the underlying gravel took place during
the late Pleistocene.

Required Characteristics

A petrocal cic horizon must meet the following
requirements:

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

2. Because of lateral continuity, roots can penetrate only
along vertical fractureswith ahorizontal spacing of 10 cm or
more; and

3. Thehorizon has athickness of:
a 10cmor more; or

b. 1cmormoreif it consistsof alaminar cap directly
underlain by bedrock.

Petrogypsic Horizon

The petrogypsic horizon is an illuvial horizon, 10 cm or
more thick, in which secondary gypsum has accumulated to the
extent that the horizon is cemented or indurated (photo 26). Dry
fragments do not slake in water, and roots cannot enter, except in
vertical fracturesthat have ahorizontal spacing of 10 cm or
more. The minimum gypsum content is 5 percent, and the
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product of the thickness, in cm, multiplied by the gypsum
content percentage is 150 or more. Commonly, the gypsum
content isfar greater than the minimum regquirements. In many
pedonsit is 60 percent or more. Petrogypsic horizons are known
to occur only in arid regions and develop in parent materials that
arerichin gypsum. They arerarein the United States but are
common in partsof Africaand Asia

Required Characteristics

A petrogypsic horizon must meet the following
requirements:

1. Thehorizoniscemented or indurated by gypsum, with or
without other cementing agents; and

2. Because of lateral continuity, roots can penetrate only
along vertical fractures with a horizontal spacing of 10 cm or
more; and

3. The horizon is 10 cm or more thick; and

4. The horizon is 5 percent or more gypsum, and the product
of its thickness, in cm, multiplied by the gypsum content
percentage is 150 or more.

PlacicHorizon

The placic horizon (Gr. base of plax, flat stone; meaning a
thin cemented pan) is a thin, black to dark reddish pan that is
cemented by iron (or iron and manganese) and organic matter.
It is generally between 2 and 10 mm thick but may be as thin
as 1 mm. The placic horizon has a maximum thickness of 25
mm where it is associated with spodic materials. Where not
associated with spodic materials, it has no maximum thickness.
It is often associated with stratification in parent materials,
such as an abrupt discontinuity of hydraulic conductivity
associated with different particle sizes in ash layers. The placic
horizon is commonly within 50 cm of the mineral soil surface
and is roughly paralel with the mineral soil surface. It has a
pronounced wavy or even convoluted form. Commonly, it
occurs as a single pan rather than as multiple sheets (one
underlying another), but it may be bifurcated. It is a barrier to
water and roots. Placic horizons have been described in
Andisols, Histosols, Inceptisols, and Spodosols. In New
Zealand they also have been reported in young alluvia soils.

Most placic horizons occur in areas of cool, moist climates
with low evapotranspiration. They are known to occur in the
British Isles, New Zealand, Canada, and southeastern Alaska
They also have been reported in the Tropics.

Placic horizons range in color from dark red to black.
Chemical data indicate that carbon and iron are major
components and aluminum and manganese minor components
in most placic horizons. In some areas, however, manganese is
a significant constituent of the horizons. There appears to be
little relationship between the chemical composition and the
color of the placic horizon.
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Research on genesis suggests that placic horizons form from
iron that is reduced and mobilized in the surface horizons and
oxidized and precipitated in the B horizon, where it can adsorb
soluble organic matter. The iron, however, does not form organo-
metallic complexes. Themost common formsof ironintheplacic
horizon are ferrihydrite and poorly crystalline goethite. These
minerals have alarge capacity for adsorbing anions, including
humic substances.

Conditions for the reduction and mobilization of iron are
favored in strongly leached, acid soils with organic surface
horizons containing anaerobic micro-organisms. In some soils
placic horizons form at the boundary between layers with
contrasting particle-size classes, which restrict the soil
solution. Placic horizons aso can form above lithic, densic, or
paralithic contacts. They are by no means restricted to the
conditions described above.

Most placic horizons in the British 1sles have formed within
the last 3,000 years, but there is evidence to support incipient
formation of placic horizons within 100 years.

Placic horizons form in material with a variety of textures
ranging from sands to clays. The native vegetation in the
different climates includes tropical rain forest, ohagnum, and
other rain-loving plants. In the British Isles placic horizons
occur under peat-forming ericaceous or grassy seminatural
vegetation, which is subject to periodic burns and was likely
forest within the last 3,000 years.

Unless the thickness of the placic horizon is minimal,
identification of the horizon is seldom difficult because the
hard, brittle pan differs so much from the material in which it
occurs and is so close to the mineral soil surface. The presence
of organic carbon and the shape and position of the placic
horizon distinguish the horizon from the ironstone sheets that
may form where water hangs, or moves laterally, at a lithologic
discontinuity. Where placic horizons occur within spodic
materials, they are arbitrarily differentiated from ortstein by
thickness. Ortstein has a minimum thickness of 25 mm.

Required Characteristics
A placic horizon must meet the following requirements:

1. Thehorizoniscemented or indurated with iron or iron and
manganese and organic matter, with or without other cementing
agents; and

2. Because of lateral continuity, roots can penetrate only
along vertical fractureswith ahorizontal spacing of 10 cm or
more; and

3. Thehorizon hasaminimum thicknessof 1 mm and, where
associated with spodic materials, is less than 25 mm thick.

SalicHorizon

A salic horizon is a horizon of accumulation of salts that are
more soluble than gypsum in cold water (photo 27). A common
salt is halite, the crystalline form of sodium chloride. In some
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areas soluble sulfates may also accumulate with the crystalline
forms, such asthernadite, hexahydrite, epsomite, and mirabilite.
Two of the commonly occurring bicarbonates are trona and
natron. Under extreme aridic conditionsand at low temperatures,
evaporites of calcium chloride, nitrates, and other soluble salts
may accumulate. | dentification of the kinds of crystalline salts
requiresdetailed mineralogical analyses.

In extremely arid areas, such as parts of Chile and
Antarctica, where measurable precipitation is rare, salic
horizons have a hard or rigid rupture-resistance class. These
types of salic horizons are physical barriers to roots, but they
slake in water and, therefore, are not considered cemented.

Required Characteristics

A salic horizonis 15 cm or morethick and has, for 90
consecutive days or more in normal years:

1. Anelectrical conductivity (EC) equal to or greater than 30
dS/m in the water extracted from a saturated paste; and

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

SombricHorizon

A sombric horizon (F. sombre, dark) is a subsurface horizon
in mineral soils that 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. Consequently,
the sombric horizon does not have the high cation-exchange
capacity in its clay that characterizes a spodic horizon and does
not have the high base saturation of a natric horizon. It does
not underlie an abic 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, cambic, or
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 than uniformly dispersed throughout the matrix.

Spodic Horizon

A spodic horizonisanilluvial layer with 85 percent or more
spodic materials (defined bel ow). Spodic materialscontain
illuvia active amorphous materials composed of organic matter
and aluminum, with or without iron. The term “active” is used
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here to describe materials that have a high pH-dependent
charge, alarge surface area, and high water retention. In
uncultivated soils the spodic horizon normally lies below an
albic horizon (alight colored eluvial horizon defined earlier).
Less commonly, it either is under an ochric epipedon that does
not meet the color requirements for an albic horizon or isin or
under an umbric epipedon. In some soils the spodic horizon is
at the surface of the mineral soil, directly below athin O
horizon. In cultivated soils it generally occurs directly below
the Ap horizon. Spodic materials may remain in some
cultivated soils where the spodic horizon has been destroyed. If
85 percent of the spodic materials remain in the Ap horizon
and the soil meets the other criteria listed in the “Key to Soil
Orders’ in the soil is considered a Spodosol.

Genesis

Spodic horizonsform only in ahumid environment. They are
commonly associated with cold or temperate climates but also
occur in hot climates. They do not occur in an arid environment,
although some occur in Mediterranean climates that have long,
dry summers.

The types of vegetation and litter covering the surface are
important in the formation of spodic horizons. In cool climates
spodic horizons occur in soils that have had a heath vegetation
(Erica and Calluna) or forest (broadleaf or coniferous)
vegetation. In a mixed forest, the spodic horizon generally is
more strongly expressed under certain species, such as hemlock
(Tsuga canadensis) or kauri (Agathis australis), than under
other species. In warm climates spodic horizons occur under
savanna, palm trees, and mixed forests.

A spodic horizon forms mostly in sandy, sandy-skeletal,
coarse-loamy, loamy-skeletal, or coarse-silty materials or in
andic soil materials (defined below), but it occasionally
developsinfiner textured material. Some spodic horizons that
are not associated with an albic horizon may have been
overlooked in the past. If the parent materialsarerichin clay,
the formation of aspodic horizonislikely to be delayed until
eluviation or weathering has reduced the clay content below a
critical level. A spodic horizon then formsin the eluvial horizon,
and the underlying argillic horizon is either destroyed or moved
to a greater depth as the spodic horizon thickens. There seems
to be an antagonism between a spodic horizon and
phyllosilicates. If aspodic horizon and an argillic horizon occur
in the same soil, they generally are separated by an eluvial
horizon (E"), but under heath vegetation a spodic horizon may
rest directly on, and may tongueinto, an argillic horizon. In
cal careous parent material, a spodic horizon does not begin to
develop until carbonates have been leached from the upper part
of the sail. A spodic horizon can form either in relatively fresh
parent material containing abundant weatherable mineralsor in
nearly pure quartz sand.

A spodic horizon can form either in awell drained soil orina
soil with ashallow, fluctuating level of ground water. If the
water table remains within the spodic horizon for long periods,
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the horizon may contain little or noiron. A spodic horizon does
not seem to develop in asoil that is permanently saturated with
water.

Under optimum conditions, aspodic horizon can form within
afew hundred years. Its biological destruction can be equally
rapid, at leastin some cultivated soilswherelime and fertilizers
areapplied.

Most spodic horizons are horizons in which organic matter,
aluminum, and iron have accumulated. As far as is known,
aluminum is always present and may be essential. Almost all
spodic horizons have a maximum content of organic matter,
iron, or aluminum in their upper few centimeters, although
iron may be absent in some, or the iron and aluminum maxima
may be below the organic-matter maximum, and the aluminum
maximum may be below the iron maximum. Most spodic
horizons have hue of 7.5YR or redder. The presence of hue of
7.5YR or redder in a spodic horizon that does not contain iron,
the persistence of the hue after reduction if iron is present, and,
if iron is absent, the destruction of the color by ignition suggest
that organic compounds are important to the color of the spodic
horizon.

The mobile sesquioxides in spodic horizons can result from
the dissolution of primary minerals and from cycling by plants.
In eluvial horizons that overlie spodic horizons, the
aluminosilicates appear pitted as if by solution. Pitting is
particularly evident on mafic minerals. In some soils a well
developed spodic horizon is the upper mineral horizon,
overlain only by an O horizon. Although mixing of horizons by
animals or by falling trees generally can be demonstrated in
such soils, more than one source of the materials accumul ated
in the spodic horizon is possible.

Some older theories concerning the formation of spodic
horizons postulated a mutual flocculation of positively charged
colloidal sesquioxides and negatively charged colloidal organic
matter. Others assumed a flocculation of sesquioxides or of
organic matter by changes in the redox potential or pH with
increasing depth.

According to newer theories, an association between organic
matter and iron and aluminum is formed by chelation and
electrostatic bonding. The compounds thus formed are soluble
if the sesguioxide concentration is low, but they are
precipitated when the sesquioxide concentration reaches a
critical level. Other research has demonstrated that large
amounts of inorganic aluminum and iron in a Spodosol can be
translocated as a sol from an A horizon to a B horizon before
complexing with organic matter.

Consequently, if solutions of organic compounds or sols that
are moving through the soil pick up sesquioxides from primary
minerals and from part of the spodic horizon, the compounds
are eventually precipitated somewhere in the spodic horizon.
The movement either can be downward (as a result of gravity)
or can be lateral or upward. Upward movement resulting from
capillary forcesis suggested by the black, humus-rich
subhorizon above and on the sides of tongues of the E horizon
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that commonly penetrate at various angles into the spodic
horizon. Immobilization of sesguioxides may also be the result of
ahydrolysis of the organometallic complex induced by changes
in pH or by biological destruction of organic ligands. Two of the
specific properties of theimmobilized material that becomesthe
active fraction of aspodic horizon are (1) high concentrations of
carboxyl and hydroxyl sites that are destroyed on heating and
(2) solubilization of organic matter and sesquioxideson
treatment with astrong complexing agent, such asammonium
oxalate.

Distinctions Between Spodic Horizonsand Andic Soil
Materials

The central concept of andic soil materialsis that of a soil
developing in weatherable, silica-rich parent materials, such as
volcanic gecta or volcaniclastic materials, which have a
colloida fraction dominated by short-range-order minerals or
aluminum-humus complexes. Under some environmental
conditions, weathering of primary aluminosilicates in parent
materials of nonvolcanic origin may aso lead to the formation
of short-range-order minerals. The dominant process in most
soils with andic soil materials is one of weathering and mineral
transformation. Translocation within the soils and
accumulation of the translocated compounds are normally
minimal.

The central concept of soils with spodic horizons is one of
aluminum, or aluminum and iron, and organic matter
illuviating and precipitating when critical levels are reached.

Some areas, for example some areas in Alaska, periodically
receive volcanic gecta (photo 28). These areas a so have
climatic and vegetative conditions conducive to the formation
of spodic materials. The soils in these areas of Alaska exhibit
features of both andic and spodic materials. Because it
represents evidence of eluviation, the albic horizon is used to
separate Andisols from Spodosols; however, alayer of volcanic
ash should not be mistaken for an albic horizon.

Distinctions Between Spodic and Argillic Horizons

Argillic horizons are illuvial, and so are spodic horizons. As
an argillic horizon forms, discrete crystalline clay particles are
moved from an eluvial horizon to an illuvia horizon.
Consequently, the claysin the eluvia and illuvial horizons of a
soil that has an argillic horizon are similar, except where one
kind of clay mineral has moved in preference to others. The
silica-sesquioxide (SO, to R,0,) ratio of the whole soil isat a
minimum in the argillic horizon, but that of the clay fraction
remains virtually constant throughout the profile.

In soils that have a spodic horizon, the dominant processes
are dissolution of primary minerals in any eluvial horizon;
movement of iron, aluminum, and organic matter; and
precipitation of complexes of amorphous organic matter and
metal. Typically, the clay mineralogy in the eluvial horizon
differs greatly from that in the illuvial horizons, and the ratio
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of SO, to R,O, both in the whole soil and in the clay fractionis
at aminimum in the spodic horizon.

In aparticle-size separation, at |east some of theilluviated
iron and aluminum is dispersed and becomes part of the
measured clay fraction. Consequently, data commonly show a
clay maximum in the spodic horizon. Both the spodic horizon
and the argillic horizon may be a horizon of accumulation of
freeiron. In well drained soils that have an argillic horizon,
the ratio of freeiron to clay tends to be constant in all horizons.
In soils that have a spodic horizon, however, this ratio tends to
vary.

There are large differences in micromorphology between an
argillic horizon and a spodic horizon. The birefringent
crystalline clay coatings of the argillic horizon differ sharply
from the isotropic amorphous coatings of the spodic horizon.
Most spodic horizons, however, contain some illuviated
crystalline clay.

Distinctions Between Spodic and Cambic Horizons

A cambic horizon can be formed either by alteration of
parent materials in place, resulting in the release of iron and
the formation of structure, or by solution and removal or
accumulation of carbonates or gypsum. There is not enough
illuviation to form a spodic horizon. Two situations in which a
spodic horizon and a cambic horizon might be confused in the
field are possible. A cambic horizon may grade laterally by
imperceptible stages into a spodic horizon as a result of
increasing accumulation of complexes of organic matter and
sesquioxides. A very weakly devel oped spodic horizon,
however, contains more of these complexes relative to
phyllosilicates than a cambic horizon, and the two kinds of
horizons can be separated either on the basis of their
morphology or by chemical techniques described below, in the
section on spodic materials.

It may be difficult to distinguish a spodic horizon from a
cambic horizon in a soil that has developed in pyroclastic
materials in a cool, perhumid climatic region. Under those
conditions, part of the amorphous mineral material in a cambic
horizon may form complexes with organic matter that are
similar to those of a spodic horizon. In this situation, a
distinction may be made on the basis of evidence of eluviation
and the typical color pattern of a spodic horizon. If an
overlying eluvia (abic) horizon is present in more than 50
percent of the pedon, it can be inferred that the underlying
horizon isilluvial. Likewise, the presence of a spodic horizon
is suggested if, in afreely drained soil, there is an abrupt
boundary between an Ap horizon and an underlying horizon
that contains 85 percent or more spodic materials.

M or phology

A typical spodic horizon iseasily recognized in the field by
its color and structure. Commonly, it has a sandy, sandy-
skeletal, coarse-loamy, loamy-skeletal, or coarse-silty particle-
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size class. The upper boundary of the horizon is commonly
abrupt, and the hue, color value, and chroma of the horizon
change markedly with increasing depth within afew centimeters
of its upper boundary. The lowest color value, the reddest hue,
and the lowest chroma occur in the upper part of the horizon.
Thelower part of the spodic horizon, or the horizon directly
below it, has ahigher chromaor ayellower hue than the main
part, or it has some combination of these colors. Structureis
either absent or isgranular, platy, blocky, or prismatic. Cracked
coatings of an isotropic amorphous mixture of organic matter,
iron, and aluminum can be detected on mineral sand grainsin a
sandy or coarse-loamy spodic horizon viewed under a40- to 60-
power lens.

Commonly, cracked coatings are dominant in the lower part
of the spodic horizon. If the coatings are very thick, the
horizon may be ortstein. In a dry soil the coatings may be
cracked. Clay films are not present on peds or in pores within a
spodic horizon. Coatings on sand grains in a spodic horizon
may not be distinguishable under a hand lens, however, from
thin clay coatings in an argillic horizon.

If an albic horizon overlies aspodic horizon, thereis seldom
any difficulty in determining that the spodic horizon is of
illuvia origin. Commonly, there is a second maximum of
organic carbon in the spodic horizon. In some tropical and
subtropical areas, the albic horizon may be extremely thick and
the spodic horizon may occur at a depth of 200 cm or more
below the mineral soil surface. The presence of organic carbon
and the characteristics of the exchange complex distinguish a
cemented spodic horizon (ortstein) from the ironstone layer
(petroferric contact, defined below) at alithologic discontinuity
below many soils. In undisturbed soils without an albic
horizon, there is commonly a thin, dark eluvial horizon in
which many of the sand grains are free of humus and of
sesguioxide coatings. Many spodic horizons, however, are so
close to the mineral soil surface that the horizons overlying
them are easily destroyed by plowing or even by the
disturbances associated with logging. In some soils the albic or
other overlying horizons seem to have been mixed with the
spodic horizon by falling trees or by animals or may never have
existed. In adisturbed soil it may be difficult or impossible to
establish the illuvia nature of the spodic horizon, athough it
has all of the morphological, chemical, and physical properties
of a spodic horizon, which is clearly illuvial. The presence of
an overlying eluvial horizon is not required in the definition of
a spodic horizon, although its identification is facilitated by the
presence of an eluvial horizon.

I dentification

A spodic horizon normally underliesan O, A, Ap, or E
horizon. The hue and chroma may remain constant with
increasing depth if the horizon is thin and overlies a densic,
lithic, or paralithic contact (defined below). Generally, the
subhorizon with the reddest hue or the lowest chroma, or both,
is near the top of the spodic horizon. The hue becomes
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yellower or the chromahigher, or both, within subhorizons of
the spodic horizon or inanunderlying BC, C, E’, or Bx
horizon.

Spodic horizons must contain at least 85 percent spodic
materials. There are many useful cluesfrom field evidenceto
help identify spodic materials. Among these are an albic horizon
in 50 percent or more of the pedon and amorphous al uminum (or
aluminum and iron), which, when present in sufficient amounts,
provides color cluesto the existence of spodic materials. These
colors are listed in the section on spodic materials. Spodic
materials cannot be positively identified from field evidence
alone. They must also have apH value of 5.9 or lessand an
organic-carbon content of 0.6 percent or more. Not all soilswith
spodic materials have albic horizons. When albic horizons are
absent, spodic materials must still meet specific color
requirements and have at least one additional feature. Such
features can be morphological or chemical, or both. The
additional morphological featuresinclude (1) ortstein that hasa
horizontal continuity through 50 percent or more of the pedon
and avery firm or firmer rupture-resistance class and (2) cracked
coatings on 10 percent or more of the sand grains. In some soils
the presence of isotropic cracked coatings may have to be
confirmed with the aid of apetrographic microscope. Optical
identification may not befeasibleif there are significant
inclusions of micaor of other anisotropic clay or if the presence
of volcanic glass or other pyroclastic materials leads one to
suspect that the horizon is a cambic horizon containing
amorphous clay.

If a pedon does not have an albic horizon, ortstein, or sand
grains with cracked coatings, then the definition of spodic
materials requires that specific color and chemical criteria be
met. Two chemical criteria are used to evaluate spodic
materials. If at least one of these, in addition to the color
requirements, is satisfied, the definition of spodic materialsis
met.

The first chemical criterion is that the percentages of
ammonium-oxal ate-extractable aluminum plus one-half the
ammonium-oxal ate-extractable iron in spodic materials must
total 0.50 or more and must be 2 times or more the amounts
present in an overlying umbric (or subhorizon of an umbric)
epipedon or in an ochric epipedon or albic horizon. The
increase in ammonium-oxal ate-extractable iron and aluminum
from an A and/or E horizon to a B horizon is indicative of the
illuvia process. Ammonium oxalate will extract both iron and
aluminum associated with humus and inorganic amorphous
compounds, and it will also dissolve magnetite and
ferrihydrite, both of which contribute to the ammonium-
oxalate-extractable iron values. Ferrihydrite is believed to be
associated with both spodic and nonspodic materials in soils
associated with wetness.

The second chemical criterion isthat the optical-density-of-
oxaate-extract (ODOE) value should be 0.25 or more and at
least double from an eluvial horizon to the spodic horizon. The
ODOE is assumed to result mostly from extracted fulvic acids.
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Horizons and Characteristics Diagnostic for the Higher Categories

Photo 4.—A histic epipedon.



Photo 5.—A melanic epipedon approximately 90 cm thick in a
Melanudand from Japan.
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Photo 6.—A mollic epipedon approximately 25 cm thick over a
calcic horizon in a soil from ldaho.
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Photo 7.—A mollic epipedon approximately 57 cm thick in an Photo 8.—An ochric epipedon from an Oxisol in Hawaii. The
Argiustoll from Kansas. ochric epipedon has high value and chroma.
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Photo 9.—A soil with an ochric epipedon about 15 cm thick. The Photo 10.—A soil that has a plaggen epipedon about 90 cm (3 ft)
dark colored ochric epipedon is too thin to be a mollic or thick. The sod presumably came from the heath. Variations

umbric epipedon. caused by mixing of materials can be seen. This map unit has

straight boundaries, and it is higher than the surrounding
landscape. Plaggen epipedons are not known to occur in the
United States but are common in parts of Western Europe.
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Photo 11.—An umbric epipedon in an Xerept from Spain. Photo 12.—An albic horizon in an Argialboll from North Dakota.
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Photo 14.—A prominent clay film in a pore and a faint clay film

Photo 13.—An argillic horizon that begins at about 5 cm in a

on the surface of a ped in an argillic horizon.

Haplustalf from Texas. This argillic horizon has strong

prismatic structure.
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Photo 15.—Clay films and bridges on sand grains, which Photo 16.—An argillic horizon that consists of lamellae.
commonly occur in argillic horizons with associated eluvial
horizons that have less than 15 percent clay.
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Photo 17.—A partially cemented Ustic Haplocalcid from New Photo 18.—A cambic horizon below a mollic epipedon in an Ustoll
M exico. from Nebraska.
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Photo 19.—A duripan underlain by cinders in a Durustoll from Arizona.
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Photo 20.—Close-up of a calcareous duripan.



Horizons and Characteristics Diagnostic for the Higher Categories 63

Photo 21.—A fragipan beginning at a depth of about 50 cm. Photo 22.—A glossic horizon that has more than 15 percent albic
Bleached seams are between the peds. material between the peds of a degrading argillic horizon.
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Photo 23.—A gypsic horizon between depths of 26 and 165 cm in a
Gypsid from New Mexico.
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Photo 24.—A natric horizon with columnar structure in a Natrudoll from Argentina.
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Photo 25.—A petrocalcic horizon that begins at a depth of about Photo 26.—A petrogypsic horizon beginning at a depth of about 50
63 cm in an Argic Petrocalcid from New Mexico. cm in a Petrogypsid from New Mexico.



Horizons and Characteristics Diagnostic for the Higher Categories 67

Photo 27.—A salic horizon in an Aquisalid from Nevada. Photo 28.—A spodic horizon in a Haplocryod from Alaska. This
soil receives periodic deposits of volcanic ash.
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Photo 29.—A pedon with andic soil properties between depths of
about 48 and 100 cm. The material above 48 cm is from the
1980 eruption of Mount St. Helens and has not weathered
sufficiently to meet the criteria for andic soil properties.

Soil Taxonomy
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Identifiable secondary carbonates that have engulfed a calcic horizon.

Photo 30.
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Photo 31.—L amellae below an argillic horizon.
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Photo 32.—Close-up of lamellae.
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Photo 34.—Slickensides.

Photo 33.—Continuous plinthite in a Plinthic Paleudalf from

Texas.
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Photo 35.—A pedon with aquic conditions close to the surface.
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Photo 36.—Peds from a gleyed horizon and the horizon directly below.
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Photo 37.—A Turbel from the Yukon Territory with cryoturbation in the subsoil.
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Photo 38.—A Glacistel from the Yukon Territory with a glacic layer beginning at a depth of about 50 cm.
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Photo 39.—Fractured lithic contact. Vertical fractures are greater than 10 cm. Sandstone is below the lithic contact.
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Photo 40.—Differential weathering in grus from a soil in South Africa. The paralithic contact is highly irregular in this pedon.
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When there are significantly higher quantitiesin anilluvial
horizon than in an eluvial horizon, it is concluded that spodic
materialsare present.

Thicknessof the Spodic Horizon

For avariety of reasons, some spodic horizons are thin or
otherwise weakly developed. Some soils, particularly those that
formed in calcareous parent materials in areas of cool, humid
climates, have two horizons of accumulation, the upper of
which contains an accumulation of amorphous materials,
whereas the lower contains phyllosilicates. The two are
separated by an eluvial horizon. This sequence of horizonsis
defined as a bisequum. In this situation, a spodic horizon has
formed, or begun to form, in a clay-depleted eluvia horizon.
Other spodic horizons are thin because they rest on a fragipan
or on adensic, lithic, or paralithic contact. In areas of very
cold, humid climates, any illuvia horizon is normally
dominated by organic matter and amorphous sesquioxides and
may be thin. Very thin horizons of accumulation are easily
destroyed by plowing, trampling by livestock, or logging. To
prevent such minor disturbances from changing the
classification of a soil, a minimum depth to the lower boundary
of the spodic horizon is required for the Spodosol order,
depending on the soil temperature regime (defined below). If the
soil temperature regimeismesic or warmer, the spodic horizon
must extend to adepth of 25 cm from the mineral soil surface,
unless the soil isless than 25 cm deep. For soils that have either
acryicor apergelic soil temperature regime, or afrigid soil
temperature regime and a spodic horizon with a coarse-loamy,
loamy-skeletal, or finer particle-size class, depth limitsarewaived
because in these soils there is less prospect of a serious
disturbance of significant areas than in sandy and warmer soils.
Depth limits also are waived for soils that have a duripan or
fragipan or apetroferric, paralithic, densic, or lithic contact
within 25 cm of the mineral soil surface. If these soilsare
disturbed, the whole soil isaltered and the classification islikely
to be affected.

Required Characteristics

A spodic horizon is normally a subsurface horizon underlying
anO, A, Ap, or E horizon. It may, however, meet the definition of
an umbric epipedon.

A spodic horizon must have 85 percent or more spodic
materials (described below) inalayer 2.5 cm or more thick that
isnot part of any Ap horizon.

Other Diagnostic Soil Characteristics
(Mineral Soils)

Diagnostic soil characteristics are features of the soil that
are used in various places in the keys or in definitions of
diagnostic horizons.
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Abrupt Textural Change

An abrupt textural change is a specific kind of change that
may occur between an ochric epipedon or an albic horizon and
anargillic horizon. It ischaracterized by a considerableincrease
in clay content within avery short vertical distance in the zone
of contact. If the clay content in the fine-earth fraction of the
ochric epipedon or abic horizon islessthan 20 percent, it
doubleswithin avertical distance of 7.5 cm or less. If the clay
content in the fine-earth fraction of the ochric epipedon or the
albic horizon is 20 percent or more, thereisan increase of 20
percent or more (absolute) within avertical distanceof 7.5 cm or
less (e.g., anincrease from 22 to 42 percent) and the clay content
insome part of theargillic horizonis 2 times or more the amount
contained in the overlying horizon.

Normally, there is no transitional horizon between an ochric
epipedon or an abic horizon and an argillic horizon, or the
transitional horizon 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 isirregular or even
discontinuous. Sampling this mixture as a single horizon
might create the impression of arelatively thick transitional
horizon, whereas the thickness of the actua transition at the
contact may be no more than 1 mm.

AlbicMaterials

Albic (L. albus, white) material s are soil materialswith acolor
that islargely determined by the color of primary sand and silt
particles rather than by the color of their coatings. This
definition implies that clay and/or free iron oxides have been
removed from the materials or that the oxides have been
segregated to such an extent that the color of the materialsis
largely determined by the color of the primary particles.

Required Characteristics
Albic materials have one of the following colors:
1. Chromaof 2 or less; and either

a. A color value, moist, of 3 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. Chromaof 3 or less; and either
a A color value, moist, of 6 or more; or
b. A color value, dry, of 7 or more; or

3. Chromathat is controlled by the color of uncoated grains
of silt or sand, hue of 5YR or redder, and the color values listed
initem 1-aor 1-b above.
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Relatively unaltered layers of light colored sand, volcanic
ash, or other materials deposited by wind or water are not
considered albic materials, although they may have the same
color and apparent morphology. These deposits are parent
materialsthat are not characterized by the removal of clay
and/or free iron and do not overlie an illuvia horizon or other
soil horizon, except for a buried soil. Light colored krotovinas
or filled root channels should be considered albic materials
only if they have no fine stratifications or lamellag, if any
sealing along the krotovina walls has been destroyed, and if
these intrusions have been leached of free iron oxides and/or
clay after deposition.

Andic Soil Properties

Andic soil propertiesresult mainly from the presence of
significant amounts of allophane, imogolite, ferrihydrite, or
aluminum-humus complexesin soils (photo 29). These materials,
originally termed “amorphous’ (but understood to contain
allophane) in the 1975 edition of Soil Taxonomy, are commonly
formed during the weathering of tephra and other parent
materials with asignificant content of volcanic glass. Although
volcanic glassis or was a common component in many
Andisols, it isnot arequirement of the Andisol order. Some soils
develop andic soil properties without the influence of volcanic
glass.

Volcanic glass is a significant component of fresh tephra. In
most environments the volcanic glass weathers to short-range-
order minerals. The concept of Andisols includes weakly
weathered soils with much volcanic glass as well as more
strongly weathered soils rich in short-range-order minerals.
Hence, the content of volcanic glassis one of the
characteristics used in defining andic soil properties. Volcanic
glassis 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) volcanic glass to be counted as
volcanic glass. In most cases the method used to determine
volcanic glassis not critical. When accurate measurement is
required, however, the standard method, use of a polarizing
microscope, is recommended.

Most horizons that have andic soil properties consist of
mineral soil materials. Some consist of organic soil materials.
A layer or horizon must have less than 25 percent organic
carbon, however, before it is considered to have andic soil
properties.

Required Characteristics

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. Inthe fine-earth fraction, all of the following:
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a. Aluminum plusY/z iron percentages (by ammonium
oxalate) totaling 2.0 percent or more; and

b. A bulk density, measured at 33 kPawater retention, of
0.90 g/cm?® or less; and

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

2. Inthe fine-earth fraction, a phosphate retention of 25
percent or more, 30 percent or more particles 0.02 to 2.0 mm
in size, and one of the following:

a.  Aluminum plus /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 Yz iron percentages (by ammonium
oxalate) totaling 2.0 or more and, in the 0.02 to 2.0 mm
fraction, 5 percent or more volcanic glass; or

c.  Aluminum plus /2 iron percentages (by ammonium
oxalate) totaling between 0.40 and 2.0 and, in the 0.02 to
2.0 mm fraction, enough volcanic glass so that the glass
percentage, when plotted against the value obtained by
adding aluminum plus Yz iron percentages in the fine-earth
fraction, fallswithin the shaded area of diagram 1.

AnhydrousConditions

Anhydrous conditions (Gr. anydros, waterless) refer to the
active layer in soils of cold deserts and other areas with
permafrost (often dry permafrost) and low precipitation
(usually less than 50 mm water equivalent). Anhydrous soil
conditions are similar to the aridic (torric) soil moisture
regimes, except that the soil temperature is less than 0 °C.

Coefficient of Linear Extensibility (COLE)

The coefficient of linear extensibility (COLE) is the ratio of
the difference between the moist length and dry length of a
clod toitsdry length. It is (Lm - Ld)/Ld, where Lm isthe
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
pinsin aclod of undisturbed soil at field capacity and again
after the clod has dried. COLE does not apply if the shrinkage
isirreversible.

Durinodes

Durinodes (L. durus, hard, and nodus, knot) are weakly
cemented to indurated nodules with a diameter of 1 cm or
more. The cement is SIO,, presumably opal and
microcrystalline forms of silica. Durinodes break down in hot
concentrated KOH after treatment with HCI to remove
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Diagram 1.—Soils that are plotted in the shaded area have andic
soil properties. A soil has these properties if the fraction less
than 2.0 mm in size has phosphate retention of more than 25
percent and the 0.02 to 2.0 mm fraction is at least 30 percent
of the fraction less than 2.0 mm in size.

carbonates but do not break down with concentrated HCI alone.
Dry durinodes do not slake appreciably in water, but prolonged
soaking can result in spalling of very thin platelets. Durinodes
arefirm or firmer and brittle when wet, both before and after
treatment with acid. Most durinodes are roughly concentric
when viewed in cross section, and concentric stringers of opal
are visible under a hand lens.

Fragic Soil Properties

Fragic soil properties are the essential properties of a
fragipan. They have neither the layer thickness nor volume
requirements for the fragipan. Fragic soil properties arein
subsurface horizons, although they can be at or near the surface
in truncated soils. Aggregates with fragic soil properties have a
firm or firmer rupture-resistance class and a brittle manner of
failure when soil water is at or near field capacity. Air-dry
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fragmentsof the natural fabric, 5to 10 cmin diameter, lakewhen
they are submerged in water. Aggregates with fragic soil
properties show evidence of pedogenesis, including one or more
of thefollowing: oriented clay within the matrix or on faces of
peds, redoximorphic featureswithin the matrix or on faces of
peds, strong or moderate soil structure, and coatings of abic
materials or uncoated silt and sand grains on faces of pedsor in
seams. Peds with these properties are considered to have fragic
soil properties regardless of whether or not the density and
brittleness are pedogenic.

Soil aggregates with fragic soil properties must:

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

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

3. Haveafirmor firmer rupture-resistance classand 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 soil water
isat or near field capacity.

| dentifiable Secondary Carbonates

The term “identifiable secondary carbonates’ is used in the
definitions of a number of taxa. It refers to translocated
authigenic calcium carbonate that has been precipitated in
place from the soil solution rather than inherited from a soil
parent material, such asacalcareous|oess or till (photo 30).

| dentifiable secondary carbonates either may disrupt the soil
structure or fabric, forming masses, nodules, concretions, or
spheroidal aggregates (white eyes) that are soft and powdery
when dry, or may be present as coatings in pores, on structural
faces, or on the undersides of rock or pararock fragments. If
present as coatings, the secondary carbonates cover a
significant part of the surfaces. Commonly, they coat all of the
surfaces to athickness of 1 mm or more. If little calcium
carbonate is present in the soil, however, the surfaces may be
only partially coated. The coatings must be thick enough to be
visible when moist. Some horizons are entirely engulfed by
carbonates. The color of these horizonsis largely determined
by the carbonates. The carbonates in these horizons are within
the concept of identifiable secondary carbonates.

The filaments 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

Theterm“interfingering of albic materials’ referstoalbic
materials that penetrate 5 cm or more into an underlying
argillic, kandic, or natric horizon along vertical and, to a lesser
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degree, horizontal faces of peds. There need not be a
continuous overlying albic horizon. The albic materials
congtitute less than 15 percent of the layer that they penetrate,
but they form continuous skeletans (ped coatings of clean silt or
sand defined by Brewer, 1976) 1 mm or morethick onthevertical
faces of peds, which meansatotal width of 2 mm or more
between abutting peds. Because quartz is such a common
consgtituent 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.

Required Characteristics

Interfingering of albic materialsisrecognizedif abic
materials:

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

2. Are2 mm or more thick between vertical faces of abutting
peds; and

3. Congtitute less than 15 percent (by volume) of the layer
that they penetrate.

Lamdlae

A lamellaisanilluvial horizon lessthan 7.5 cmthick
(photos 31 and 32). Each lamella contains an accumul ation of
oriented silicate clay on or bridging sand and silt grains (and
rock fragmentsif any are present). A lamellahasmoresilicate
clay than the overlying eluvial horizon.

The significance of lamellaeto soil classificationisnot inthe
singlelamellabut in the multiple number of lamellae, each with
anoverlying eluvial horizoninasingle pedon. A singlelamella
may occur in apedon, but more commonly there are several
lamellae separated by eluvia horizons.

A lamella 0.5 cm or more thick can be part of a cambic
horizon unless it is sandy (loamy fine sand or coarser). It can
be part of an argillic horizon. A lamella is required to have an
accumulation of oriented silicate clay, but no specific amount
of clay isrequired. A single lamellaistoo thin to be either a
cambic or an argillic horizon. A combination of lamellae 15
cm or more thick, however, can be either a cambic or an
argillic horizon if al of the other criteria are met.

I dentification

A lamellatypically has (but is not required to have) a higher
chroma, redder hue, or lower color value, or any combination
of these, than the overlying eluvia horizon. Some lamellae
have no color differences. All lamellae are required to have
more silicate clay than the overlying eluvia horizon.

In avertical cross section of a pedon, alamella appears as a
thin horizon and is often called a “band.” It actually is an
undulating layer, and it is not always continuous. The upper
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and lower boundaries may be wavy, and the thickness may vary
from one point to another.

Lamellae commonly occur in sandy and sandy-skeletal
sedimentsand lesscommonly in coarse-loamy, loamy-skeletal,
and coarse-silty sediments. The texture of the fine-earth
fraction in lamellae is mostly loamy sand or sandy loam, but it
is known to range from sand to sandy clay loam, silt loam, and
clay loam. The content of rock fragments ranges from 0 to
more than 65 percent. Lamellae commonly are single grained
or granular, but in some pedons they are massive.

Laboratory data show that, in addition to silicate clay
accumulations, silt (particularly fine silt), sesquioxides, and
organic carbon accumulate in some lamellae. Where there is
recharge of carbonates, there may also be accumulations of
carbonates in lamellae.

Although lamellae most commonly occur in eolian and
alluvia sediments, they have also been observed in coarse
grained residuum, such as grus. It is likely that there were very
thin layers with finer soil particles and smaller pore spaces
than in the residuum either above or below them. These thin
layers would then be similar to the bedding planes in the eolian
or aluvial sediments. It islogical that lamellae in residuum
form in the same way as described below.

Origin

Lamellae form in coarse textured sediments (coarse silt or
coarser) of eolian or alluvia deposits that include very small
amounts of silicate clay. Evidence indicates that they form
initially in the bedding planes. The bedding planes, as used
here, are very thin layers with finer soil particles and smaller
pore spaces than the materials either above or below them.
These were deposited during a lull in the wind or a reduction
in the velocity of water. Before a wetting front can move
through these bedding planes to the larger poresin the
underlying strata, the finer pores must be nearly saturated. This
pause in the percolation flow may be sufficient for plant roots
to capture water leaving suspended clay. As aresult, silicate
clay suspended in the soil solution can be deposited in the
pores and on the surfaces of the particles. This deposition
further reduces the pore size. With the passing of each
succeeding wetting front, the pore size is reduced even further
and lamellae form.

The lamellae thicken as additional fine particles are
deposited. It is thought that the lamellae may also begin to act
as afilter at this point in their development.

In a close examination of pedons with a large number of
lamellae, the lamellae nearer the soil surface generally have the
least concentration of clay and have the faintest color contrast
from the overlying eluvial horizon. Some sand grains are
devoid of clay, and some have only thin coatings. These
lamellae are generally more wavy and less continuous than
those in the other parts of the lamellae zone (the zone in which
lamellae form). The eluvial horizons overlying these lamellae
are generaly the thickest of those in the lamellae zone.
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Lamellaeinthe middle part of the lamellae zone appear to
have the highest concentration of clay at the upper edge of the
lamellae, and the clay content decreases with increasing depth.
The color contrast is greatest at the upper edge of the lamellae,
adjacent to the overlying eluvial horizon. In the lower part of
these lamellae, some sand grains are devoid of clay and some
have only thin clay coatings. The lower part of these lamellae
appear to be very similar to the lamellae closest to the soil
surface. The lamellae in the middle part of the lamellae zone
are wavy but commonly are not so wavy as those in the upper
part of the lamellae zone.

The deepest lamellae are commonly very thin. They have a
color contrast that is nearly as great as that at the upper edge of
the lamellae in the middle part of the lamellae zone. The
deepest lamellae are not very wavy and are commonly parallel
with each other. The thickness of the overlying eluvial
horizons varies more than that in the other parts of the
lamellae zone.

These observations suggest that clay is being moved from
the upper few lamellae to the lower lamellae. Also, in the
lamellae in the middle part of the layer containing lamellae,
clay is being stripped from the lower part of one lamellaand is
being redeposited in the top part of the next lower lamella. The
lamellae thicken as clay is added to the top of the lamellae. At
this point, a lamella begins to move away from the bedding
plane from which it originated. The stripping of clay from the
lower part of alamella and the redeposition in the top part of
the next lower lamella continue this movement upward and
away from the bedding plane.

The movement upward of each lamellais not uniform
throughout its extent. Consequently, lamellae are wavy rather
than smooth, like the bedding planes from which they
originated. Occasionally, some lamellae appear to be branched.
This branching occurs where part of alamella has moved up
more rapidly than the overlying part of the next higher lamella
and they become joined in this part. The branching is further
evidence that lamellae form upward and that the movement is
not uniform.

Required Characteristics

A lamellais an illuvial horizon less than 7.5 cm thick
formed in unconsolidated regolith more than 50 cm thick.
Each lamella contains an accumulation of oriented silicate clay
on or bridging the sand and silt grains (and coarse fragments if
any are present). Each lamellais required to have more silicate
clay than the overlying eluvial horizon.

Lamellae occur in avertical series of two or more, and each
lamella must have an overlying eluvial horizon. (An eluvial
horizon is not required above the uppermost lamella if the soil
is truncated.)

Lamellae may meet the requirementsfor either acambic or an
argillic horizon. A combination of two or morelamellae 15 cmor
morethick isacambic horizonif thetextureisvery fine sand,
loamy very fine sand, or finer. A combination of two or more
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lamellae meetsthe requirementsfor an argillic horizonif thereis
15 cm or more cumul ative thickness of lamellaethat are 0.5 cm or
more thick and that have a clay content of either:

1. 3 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. 20 percent or more (relative) higher than in the overlying
eluvial horizon (e.g., 24 percent versus 20 percent) if all parts
of the eluvial horizon have more than 15 percent clay in the
fine-earth fraction.

Linear Extensibility (LE)

Linear extensibility (LE) helps to predict the potential of a
soil to shrink and swell. The LE of a soil layer is the product of
the thickness, in cm, multiplied by the COLE of the layer in
question. The LE of a sail is the sum of these products for all
soil horizons.

Lithologic Discontinuities

Lithologic discontinuities are significant changesin particle-
sizedistribution or mineralogy that represent differencesin
lithology within a soil. A lithologic discontinuity can also
denote an age difference. For information on using horizon
designations for lithologic discontinuities, see the Soil Survey
Manual (USDA, SCS, 1993).

Not everyone agrees on the degree of change required for a
lithologic discontinuity. No attempt is made to quantify
lithologic discontinuities. The discussion below is meant to
serve as aguideline.

Several lines of field evidence can be used to evaluate
lithologic discontinuities. In addition to mineralogical and
textural differences that may require laboratory studies, certain
observations can be made in the field. These include but are
not limited to the following:

1. Abrupt textural contacts—An abrupt changein
particle-size distribution, which is not solely a change in clay
content resulting from pedogenesis, can often be observed.

2. Contrasting sand sizes—Significant changes in sand
size can be detected. For exampe, if material containing mostly
medium sand or finer sand abruptly overliesmaterial containing
mostly coarse sand and very coarse sand, one can assume that
there aretwo different materials. Although the materials may be
of the same mineral ogy, the contrasting sand sizes result from
differencesin energy at the time of deposition by water and/or
wind.

3. Bedrock lithology vs. rock fragment lithology in the
soil.—If a soil with rock fragments overlies a lithic contact,
one would expect the rock fragments to have a lithology
similar to that of the material below the lithic contact. If many
of the rock fragments do not have the same lithology as the




underlying bedrock, the soil is not derived completely from the
underlying bedrock.

4. Stonelines—Theoccurrence of ahorizontal line of rock
fragmentsin the vertical sequence of a soil indicates that the soil
may have developed in more than one kind of parent material.
The material above the stone lineis most likely transported, and
the material below may be of different origin.

5. Inversedistribution of rock fragments—A lithologic
discontinuity is often indicated by an erratic distribution of
rock fragments. The percentage of rock fragments decreases
with increasing depth. This line of evidence is useful in areas
of soils that have relatively unweathered rock fragments.

6. Rock fragment weathering rinds—Horizons
containing rock fragments with no rinds that overlie horizons
containing rocks with rinds suggest that the upper material is
in part depositional and not related to the lower part in time
and perhaps in lithology.

7. Shape of rock fragments—A soil with horizons
containing angular rock fragments overlying horizons
containing well rounded rock fragments may indicate a
discontinuity. This line of evidence represents different
mechanisms of transport (colluvial vs. aluvial) or even
different transport distances.

8. Soil color.—Abrupt changes in color that are not the
result of pedogenic processes can be used as indicators of
discontinuity.

9. Micromorphological features—Marked differencesin
the size and shape of resistant minerals in one horizon and not
in another are indicators of differences in materials.

Use of Laboratory Data

Discontinuities are not always readily apparent in the field.
In these cases laboratory data are necessary. Even with
laboratory data, detecting discontinuities may be difficult. The
decision is a qualitative or perhaps a partly quantitative
judgment. General concepts of lithology as a function of depth
might include:

1. Laboratory data—visual scan.—The array of
laboratory data is assessed in an attempt to determine if a field-
designated discontinuity is corroborated and if any data show
evidence of a discontinuity not observed in the field. One must
sort changes in lithology from changes caused by pedogenic
processes. In most cases the quantities of sand and coarser
fractions are not altered significantly by soil-forming processes.
Therefore, an abrupt change in sand size or sand mineralogy is
aclue to lithologic change. Gross soil mineralogy and the
resistant mineral suite are other clues.

2. Data on a clay-free basis—A common manipulation
in assessing lithologic change is computation of sand and silt
separates on a carbonate-free, clay-free basis (percent fraction,
e.g., fine sand and very fine sand, divided by percent sand plus
silt, times 100). Clay distribution is subject to pedogenic
change and may either mask inherited lithologic differences or
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produce differencesthat are not inherited from lithology. The
numerical array computed on a clay-free basis can be inspected
visually or plotted as a function of depth.

Another aid used to assess lithologic changes is computation
of the ratios of one sand separate to another. The ratios can be
computed and examined as a numerical array, or they can be
plotted. The ratios work well if sufficient quantities of the two
fractions are available. Low quantities magnify changesin
ratios, especialy if the denominator is low.

n Value

The nvalue (Pons and Zonneveld, 1965) characterizesthe
relation between the percentage of water in a soil under field
conditions and its percentages of inorganic clay and humus.
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 following formula:

n=(A-0.2R)/(L + 3H)

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

This formula is based on experience with soil materials that
have humified organic matter and in which illite and other
nonexpanding clay minerals are predominant. There are
indications that the factor by which the organic matter is
multiplied should exceed 3 if the organic matter is
incompletely humified. The correction for the water held by the
organic matter becomes an increasing source of uncertainty as
the ratio of clay to organic matter becomes narrow. In this
taxonomy, the n value is used only to characterize mineral
soils.

Few data for calculations of the n value are available in the
United States, but the critical n value of 0.7 can be
approximated closely in the field by a ssimple 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 (dlightly fluid
manner of failure class); if the soil flows easily between the
fingers, the n value is 1 or more (moderately fluid or very fluid
manner of failure class).

Soils in which the moisture content is periodically reduced
below field capacity seldom have an n value of 0.7 or more.
Most of the soils that have been permanently saturated are
likely to have a high n value. Consequently, high n values are
primarily in soils of tidal marshes, swamps, and shallow lakes.
The sediments in these areas have never been above the
capillary fringe during drought cycles. A high calculated n
value may aso be characteristic of some soils that formed in
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volcanic ashin areas of aperhumid climate. These soilsare
thixotropic, and the field test is more reliable than the formula
for estimating their bearing value.

Petr oferric Contact

A petroferric (Gr. petra, rock, and L. ferrum, iron; implying
ironstone) 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 it may be fractured if the average
lateral distance between fracturesis 10 cm or more. The fact
that this ironstone layer contains little or no organic matter
distinguishes it from a placic horizon and an indurated spodic
horizon (ortstein), both of which contain organic matter.

The purpose in choosing a petroferric contact as a
diagnostic feature distinct from alithic contact is to identify
the shallow layers of hard ironstone that may have been called
hardened laterite and those that may have accumulated in a
hard form. Petroferric contacts are extensive in tropical and
subtropical regions. There may be shallow sandstone that is
cemented by iron in any climatic region. The contact with such
alayer is alithic contact, not a petroferric contact.

Several features can aid in making the distinction between a
lithic contact 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 afew 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,O,. Inthe Tropics, the ironstone is generally more or less
vesicular.

Plinthite

Plinthite (Gr. plinthos, brick) is an iron-rich, humus-poor
mixture of clay with quartz and other mineral s (photo 33). It
commonly occurs as dark red redox concentrations that 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, especialy if it is
also exposed to heat from the sun. The lower boundary of a
zone in which plinthite occurs generally is diffuse or gradual,
but it may be abrupt at a lithologic discontinuity.

Plinthite may occur as a constituent of a number of
horizons, such as an epipedon, a cambic horizon, an argillic
horizon, an oxic horizon, or a C horizon. It is one form of the
material that has been called laterite. It normally formsin a
horizon below the surface, but it may form at the surfacein a
seepy area at the base of a slope.

From a genetic viewpoint, plinthite forms by segregation of
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iron. In many placesiron probably has been added from other
horizons or from the higher adjacent soils. Generally, plinthite
formsin ahorizon that is saturated with water for some time
during the year. Initiadly, iron is normally segregated in the
form of soft, more or less clayey, red or dark red redox
concentrations. These concentrations 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 is 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 irreversibly as a result of a single cycle of drying and
rewetting. After a single drying, it will remoisten and then can
be dispersed in large part if one shakes it in water with a
dispersing agent.

In amoist soil, plinthite is soft enough to 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
if one shakes them in water with a dispersing agent.

A small amount of plinthite in the soil does not form a
continuous phase; that is, the individual redox concentrations
or aggregates are not connected with each other. If alarge
amount of plinthite is present, it may form a continuous phase.
If a continuous layer becomes indurated, it is a massive
ironstone layer that has irregular, somewhat tubular inclusions
of yellowish, grayish, or white, clayey material. If the layer is
exposed, these inclusions may be washed out, leaving an
ironstone that has many coarse, tubular pores.

Much that has been called laterite is included in the
meaning of plinthite. Doughy and concretionary laterite that
has not hardened is an example. Hardened laterite, whether it
isvesicular or pisolitic, is not included in the definition of
plinthite.

Resistant Minerals

Several references are made to resistant mineralsin this
taxonomy. Obviously, the stability of a mineral in the soil isa
partial function of the soil moisture regime. Where resistant
minerals are referred to in the definitions of diagnostic
horizons and of various taxa, a humid climate, past or present,
is aways assumed.

Resistant minerals are durable minerals in the 0.02 to 2.0
mm fraction. Quartz is the most common resistant mineral in
soils. The less common ones include sphene, rutile, zircon,
tourmaline, and beryl.

Slickensides

Slickensides are polished and grooved surfaces and
generally have dimensions exceeding 5 cm (photo 34). They
are produced when one soil mass slides past another. Some
dlickensides occur at the lower boundary of a dlip surface where
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amass of soil moves downward on arelatively steep slope.
Slickensidesresult directly from the swelling of clay minerals
and shear failure. They are very common in swelling claysthat
undergo marked changes in moisture content.

SpodicMaterials

Spodic materialsforminanilluvia horizon that normally
underlies a histic, ochric, or umbric epipedon or an abic
horizon. In most undisturbed areas, spodic materials underlie
an albic horizon. They may occur within an umbric epipedon
or an 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 2 times as high as
the ODOE value in an overlying eluvial horizon. This increase
in ODOE value indicates an accumulation of translocated
organic materialsin an illuvia horizon. Soils with spodic
materials show evidence that organic materials and aluminum,
with or without iron, have been moved from an eluvial horizon
to anilluvial horizon.

Definition of Spodic Materials

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

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

2. One or both of the following:

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

(1) Hueof 5YR or redder; or

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

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

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

b. With or without an abic horizon and one of the colors
listed above or hue of 7.5YR, color value, moist, of 5 or less,
chroma of 5 or 6 (crushed and smoothed sample), and one
or more of the following morphological or chemical
properties:

(1) Cementation by organic matter and aluminum, with
or without iron, in 50 percent or more of each pedon and
avery firm or firmer rupture-resistance class in the
cemented part; or
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(2) 10 percent or more cracked coatings on sand grains;
or

(3) Aluminum plus %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 umbric)
epipedon, 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,
ochric epipedon, or abic horizon.

WeatherableMinerals

Severa references are made to weatherable mineralsin this
taxonomy. Obvioudly, the stability of amineral in asoil isa
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. The
minerals that are included in the meaning of weatherable
minerals are as follows:

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

2. Silt- and sand-sized minerals (0.02 to 0.2 mm in
diameter): Feldspars, feldspathoids, ferromagnesian minerals,
glass, micas, zeolites, and apatite.

Obvioudly, this definition of the term “weatherable
minerals’ is restrictive. The intent is to include, in the
definitions of diagnostic horizons and various taxa, only those
weatherable minerals that are unstable in a humid climate
compared to other minerals, such as quartz and 1:1 lattice
clays, but that are more resistant to weathering than calcite.

Characteristics Diagnostic for
Organic Sails

Following is a description of the characteristics that are
used only with organic soils.

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 the organic
materials are derived. The three kinds are (1) fibric, (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.
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Fibers

Fibers are pieces of plant tissuein organic soil materials
(excluding live roots) that:

1. Arelarge enough to be retained on a 100-mesh sieve
(openings 0.15 mm across) when the materials are screened,;
and

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

3. Either are 2 cm or less in their smallest dimension or are
decomposed enough to be crushed and shredded with the
fingers.

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

The degree of decomposition of organic materialsis
indicated by the content of fibers. If the organic materials are
highly decomposed, fibers are nearly absent. If the organic
materials are only dlightly decomposed, more of the volume,
exclusive of the coarse fragments, normally consists of fibers.

If the organic materials are moderately decomposed, the fibers
may be largely preserved but are easily broken down by
rubbing between the thumb and fingers. The percentage of
fibers that do not break down when rubbed gives the most
realistic field estimate of the degree of decomposition. In
addition, the bulk density (and hence the amount of subsidence
after drainage) is more closely related to the content of fiber
after rubbing than to the content of fiber before rubbing. A
small volume of the wet material is rubbed between the thumb
and fingers about 10 times with firm pressure. In the laboratory
the material, after rubbing, is washed on a screen. In the field
the rubbed material may be molded into a spherical or rod-
shaped mass and broken for examination under a hand lens of
10 power or more to estimate the fiber content.

The definitions of fibric, hemic, and sapric soil materials
that follow are based in part on the content of fibers after
rubbing and in part on the solubility of the materials in sodium
pyrophosphate.

Fibric Soil Materials

Fibric soil materials (L. fibra, fiber) are the least
decomposed of all of the organic soil materials. They contain
large amounts of fibers that are well preserved and can be
linked to botanical origin. They have alow bulk density and a
high water content when saturated. Fibric soil materials have a
wide geographic distribution, and they occur in environments
that are not conducive to processes of alteration and
decomposition. Examples of such environments are the cool or
cold, perhumid, boreal forest zones, where raised bogs and hill
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peats are dominated by Sphagnum; land-locked depressions
that have Hypnum moss; and very flat, undrained areas that
support a variety of reeds, sedges, and grasses. Wet flatlands
occur in glaciated areas in the higher latitudes. Also, very wet
flatlands are in some semitropical and tropical areas. An
example is the sawgrass (sedge) bogs of the Evergladesin
Florida. Fibric materials commonly have a bulk density of less
than 0.1; a fiber content (unrubbed) exceeding two-thirds of the
volume; and a water content, when saturated, ranging from
about 850 to more than 3,000 percent of the weight of ovendry
material. Fibric materials commonly are light yellowish brown,
dark brown, or reddish brown.

Fibric soil materials are organic soil materials that either:

1. Containthree-fourthsor more (by volume) fibers after
rubbing, excluding coarse fragments; or

2. Contain two-fifths or more (by volume) fibers after
rubbing, excluding coarse fragments, and yield color values
and chromasof 7/1, 7/2, 8/1, 8/2, or 8/3 (diagram 2) on white
chromatographic or filter paper that is inserted into a paste
made of the soil materials in a saturated sodium-pyrophosphate
solution.

Hemic Soil M aterials

Hemic soil materials (Gr. hemi, half; implying intermediate
decomposition) 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. Hemic soil materials are partly altered both
physically and biochemically. Their geographic distribution is
widespread. Colors are commonly dark grayish brown to dark
reddish brown. The fibers are largely destroyed when the wet
organic material is rubbed. The bulk density commonly is
between 0.07 and 0.18, the fiber content normally is between
one-third and two-thirds of the volume before rubbing, and the
maximum water content at saturation commonly ranges from
about 450 to 850 percent. Hemic materials do not meet both the
fiber content (after rubbing) and the sodium-pyrophosphate
solubility requirementsfor either fibric or sapric materials

(diagram 2).
Sapric Soil Materials

Sapric soil materials (Gr. sapros, rotten) arethe 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 commonly very dark gray
to black. They are relatively stable; i.e., they change very little
physically and chemically with time in comparison to other
organic soil materials. Sapric materials have been exposed to
aerobic decomposition either naturally or because of artificial
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Fibric soil materials that have a
fiber content, after rubbing, of two-
fifths to three-fourths by volume

| Coprogenous earth
|
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Diagram 2.—Value and chroma of pyrophosphate solution of
fibric and sapric materials.

drainage. In undrained bogs sapric materials occur at the
present surface or were previoudly at the surface and are now
buried. The bulk density of these materials commonly is0.2 or
more, the fiber content averages less than one-third of the
volume before rubbing, and the maximum water content at
saturation normally isless than 450 percent on an ovendry
basis.

Sapric material shavethefollowing characteristics:

1. Thefiber content, after rubbing, islessthan one-sixth (by
volume), excluding coarse fragments; and

2. Thecolor of the sodium-pyrophosphate extract 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, diagram 2). If few or no fibers can be detected
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and the color of the pyrophosphate extract is to the left of or
abovethisline, the possibility that the material islimnic must be
considered.

HumilluvicMaterial

Humilluvic material, i.e., illuvial humus, accumulates in the
lower parts of some organic soils that are acid and have been
drained and cultivated. The humilluvic material has a C* age
that is not older than the overlying organic materials. It has
very high solubility in sodium pyrophosphate and rewets very
dowly 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 alayer 2 cm or more thick. Because humilluvic
materials are recognized in few soils, there are not enough data
to develop a precise definition. Taxa with humilluvic material
are recognized in Histosols but not Histels.

LimnicMaterials

The presence or absence of limnic depositsis taken into
account in the higher categories of Histosols but not Histels.
The nature of such deposits is considered in the lower
categories of Histosols. Limnic materials include both organic
and inorganic materials that were either (1) deposited in water
by precipitation or through the action of aquatic organisms,
such as algae or diatoms, or (2) derived from underwater and
floating aguatic plants and subsequently modified by aquatic
animals. They include coprogenous earth (sedimentary peat),
diatomaceous earth, and marl. Except for some of the
coprogenous earths that contain 30 percent or more organic
matter, most of these limnic materials are inorganic. Diatomite
is highly siliceous; marl is mainly calcium carbonate. Limnic
materials generally occur in the lower part of an organic soil
and were formed during an open-water stage of bog
development.

CoprogenousEarth

A layer of coprogenous earth (sedimentary peat) isalimnic
layer that:

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

2. Hasacolor value, moist, of 4 or less; and

3. Either forms a slightly viscous water suspension and is
nonplastic or sightly plastic but not sticky, or shrinks upon
drying, forming clods that are difficult to rewet and often tend
to crack along horizontal planes; and

4. Either yields a saturated sodium-pyrophosphate extract on



Horizons and Characteristics Diagnostic for the Higher Categories

white chromatographic or filter paper that has a color value of
7 or more and chromaof 2 or less (diagram 2) or hasacation-
exchange capacity of lessthan 240 cmol(+) per kg organic
matter (measured by loss on ignition), or both.

Normally, layers of coprogenous earth contain almost no
visible fragments of plants. These layers have arange in
particle size and a C-N ratio (12 to 20) that are consistent with
advanced decomposition. Yet, they have both alow and a
narrow range in cation-exchange capacity (80 to 160 cmol(+)
per kg of organic matter), which indicates little decomposition
influenced by exposure to air. In places these layers have what
appears to be platy structure. The individual plates are alittle
more than 0.5 mm thick and may be increments of annual
deposition. Such structure certainly is not pedogenic. Olive or
olive brown colors in organic layers of organic soils are
characteristic of coprogenous earth layers. The most common
colors are those with hue of 2.5Y or 5Y, value of 3 or 4, and
chroma of 2.

Diatomaceous Earth

A layer of diatomaceous earth is alimnic layer that:

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

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

Layers of diatomaceous earth normally are more nearly
mineral than organic in composition.

Marl

A layer of marl isalimnic layer that:
1. Hasacolor value, moist, of 5 or more; and
2. Reactswith dilute HCI to evolve CO,,.

The color of marl usually does not change 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. Most of the samples of marl from
the United States studied to date have an organic-matter
content between 4 and 20 percent, inclusive, and, after
treatment with dilute HCI, some disintegrated plant remains
are evident.
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Thickness of Organic Soil Materials
(Control Section of Histosols and Histels)

Thethickness of organic materialsover limnic materials,
mineral materials, water, or permafrost is used to define the
Histosols and Histels.

For practical reasons, an arbitrary control section has been
established for the classification of Histosols and Histels.
Depending on the kinds of soil material in the surface layer,
the control section has a thickness of either 130 cm or 160 cm
from the soil surface if there is no densic, lithic, or paralithic
contact, thick layer of water, or permafrost within the
respective limit. The thicker control section is used if the
surface 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 lessthan 0.1. Layers of water,
which may be between afew 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. In some soils the lower
boundary is 25 cm below the upper limit of permafrost. An
unconsolidated mineral substratum shallower than those limits
does not change the lower boundary of the control section.

The control section of Histosols and Histelsis divided
somewhat arbitrarily into three tiers—surface, subsurface, and
bottom tiers.

SurfaceTier

The surface tier of a Histosol or Histel extends from the soil
surface to a depth of 60 cm 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. Otherwise, the
surface tier extends from the soil surface to a depth of 30 cm.

Some organic soils have a mineral surface layer less than 40
cm thick as a result of flooding, volcanic eruptions, additions
of mineral materials to increase soil strength or reduce the
hazard of frost, or other causes. If such amineral layer isless
than 30 cm 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.

SubsurfaceTier

The subsurfacetier isnormally 60 cm thick. If the control
section ends at a shallower depth (at a densic, lithic, or
paralithic contact or a water layer or in permafrost), however,
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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.

Bottom Tier

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

Thus, if the organic materials are thick, there are two
possible thicknesses of the control section, depending on the
presence or absence and the thickness of a surface mantle of
fibric moss or other organic material that has a low bulk
density (lessthan 0.1). If the fibric moss extends to a depth of
60 cm and is the dominant material within this depth (three-
fourths or more of the volume), the control section is 160 cm
thick. If the fibric moss is thin or absent, the control section
extends to a depth of 130 cm.

Horizons and Characteristics
Diagnostic for Both Mineral and
Organic Soails

Following are descriptions of the horizons and
characteristics diagnostic for both mineral and organic soils.

Aquic Conditions’

Soils with aguic (L. aqua, water) conditions are those that
currently undergo continuous or periodic saturation and
reduction. The presence of these conditions is indicated by
redoximorphic features, except in Histosols and Histels, and
can be verified by measuring saturation and reduction, except
in artificially drained soils. Artificial drainage is defined here
as the removal of free water from soils having aguic conditions
by surface mounding, ditches, or subsurface tiles to the extent
that water table levels are changed significantly in connection
with specific types of land use. In the keys, artificially drained
soils are included with soils that have aquic conditions.

Elements of aquic conditions are as follows:

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. Problems may arise,
however, 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,

21n 1992, the term “aquic conditions” was introduced and other changes were made
throughout thistaxonomy asaresult of recommendations submitted to NRCS by the
International Committee on Aquic Moisture Regime (ICOMAQ), which wasestablished in
1982 and waschairedinitially by Dr. Frank Moormann, then by Dr. Johan Bouma.

Soil Taxonomy

while the actual water table occurs at greater depth. Use of well
sealed piezometers or tensiometers is therefore recommended
for measuring saturation. Problems may still occur, however, if
water runs into piezometer dlits near the bottom of the
piezometer 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
usualy still saturated. Obviously, exact measurements of the
wet state can be obtained only with tensiometers. For
operational purposes, the use of piezometers is recommended
as a standard method.

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

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 cm 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 soil surface and
also has one or more unsaturated layers, with an upper
boundary above a depth of 200 cm, below the saturated
layer. The zone of saturation, i.e., the water table, is perched
on top of arelatively impermeable layer.

c. Anthric saturation.—This term refers to a special kind
of aquic conditions that occur in soils that are cultivated and
irrigated (flood irrigation). Soils with anthraquic conditions
must meet the requirements for aquic conditions and in
addition have both of the following:

(1) A tilled surface layer and a directly underlying
dowly permeable layer that has, for 3 months or more in
normal years, both:

(8 Saturation and reduction; and
(b) Chromaof 2 or lessin the matrix; and

(2) A subsurface horizon with one or more of the
following:

(8 Redox depletionswith a color value, moist, of 4
or more and chroma of 2 or less in macropores; or

(b) Redox concentrations of iron; or

(c) 2 times or more the amount of iron (by dithionite
citrate) contained in the tilled surface layer.

2. Thedegree of reduction in asoil can be characterized by
the direct measurement of redox potentials. Direct
measurements should take into account chemical equilibriaas
expressed by stability diagrams in standard soil textbooks.
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Reduction and oxidation processes are also afunction of soil
pH. Obtaining accurate measurements of the degree of reduction
inasoil isdifficult. In the context of thistaxonomy, however,
only adegree of reduction that resultsin reduced iron is
considered, because it produces the visible redoximorphic
featuresthat areidentified in the keys. A simplefield testis
availableto determineif reduced iron ions are present. A freshly
broken surface of afield-wet soil sampleistreated with
alpha,a pha-dipyridyl in neutral, 1-norma ammonium-acetate
solution. The appearance of a strong red color on the freshly
broken surface indicates the presence of reduced iron ions. A
positive reaction to the al pha,alpha-dipyridyl field test for
ferrousiron (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 characteristic of melanic great groups). A negative
reaction, however, does not imply that reducing conditions are
always absent. It may only mean that the level of freeironin the
soil is below the sensitivity limit of the test or that the soil isin
an oxidized phase at the time of testing. Use of alpha,alpha-
dipyridyl in a10 percent acetic-acid solution is not
recommended because the acid islikely to change soil
conditions, for example, by dissolving CaCO,.

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

3. Redoximorphic features associated with wetness result
from alternating periods of reduction and oxidation of iron and
manganese compounds in the soil. Reduction occurs during
saturation with water, and oxidation occurs when the soil is not
saturated. 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 patternsin
which the ion-carrying water moves through the soil and as a
function of the location of aerated zones in the soil. 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 occur,
in which case there is no iron or manganese precipitation in
that soil. Wherever the iron and manganese are oxidized and
precipitated, they form 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, which are cemented
bodies that can be removed from the soil intact.
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Concretions are distinguished from nodules on the basis
of internal organization. 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. Sharp boundaries may be relict
features in some soils; and

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

(3) Porelinings, i.e., zones of accumulation along
pores that may be either coatings on pore surfaces
or impregnations from the matrix adjacent to the
pores.

b. Redox depletions—These are zones of low chroma
(chromas less than those in the matrix) where either Fe-Mn
oxides aone or both Fe-Mn oxides and clay have been
stripped out, including:

(1) Iron depletions, i.e., zones that 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
neoal bans); and

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

C. Reduced matrix—This is a soil matrix that has 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 soilsthat have no visible redoximorphic features, a
reaction to an alpha,alpha-dipyridyl solution satisfies the
requirement for redoximorphic features.

Photo 35 shows a pedon from Alaska with aquic conditions
close to the surface. When snow begins to melt in the spring,
the subsoil remains frozen and perches water in the gleyed
zone. Photo 36 shows peds from the gleyed horizon and the
horizon directly below. The gleyed horizon has redoximorphic
concentrations lining pores and redoximorphic depletions in
the matrix. The horizon below has redoximorphic depletions
lining pores and redoximorphic concentrations in the matrix.

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

Anthraguic conditions are a variant of episaturation and
are associated with controlled flooding (for such crops as
wetland rice and cranberries), which causes reduction
processes in the saturated, puddled surface soil and oxidation
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of reduced and mobilized iron and manganese in the unsaturated
subsoil.

Cryoturbation

Cryoturbation (frost churning) isthe mixing of the soil matrix
within the pedon that resultsin irregular or broken horizons,
involutions, accumulation of organic matter on the permafrost
table, oriented rock fragments, and silt caps on rock fragments

(photo 37).

Densic Contact

A densic contact (L. densus, thick) is a contact between soil
and densic materials (defined below). It has no cracks, or the
spacing of cracks that roots can enter is 10 cm or more.

Densic Materials

Densic materials are relatively unaltered materials (do not
meet the requirements for any other named diagnostic horizons
or any other diagnostic soil characteristic) that have a
noncemented rupture-resistance class. The bulk density or the
organization is such that roots cannot enter, except in cracks.
These are mostly earthy materials, such astill, volcanic
mudflows, and some mechanically compacted materials, for
example, mine spoils. Some noncemented rocks can be densic
materials if they are dense or resistant enough to keep roots
from entering, except in cracks.

Densic materials are noncemented and thus differ from
paralithic materials and the material below a lithic contact,
both of which are cemented.

Densic materias have, at their upper boundary, a densic
contact if they have no cracks or if the spacing of cracks that
roots can enter is 10 cm or more. These materials can be used
to differentiate soil seriesif the materials are within the series
control section.

GelicMaterials

Gelic materias are mineral or organic soil materials that
show evidence of cryoturbation (frost churning) and/or ice
segregation in the active layer (seasonal thaw layer) and/or the
upper part of the permafrost. Cryoturbation is manifested by
irregular and broken horizons, involutions, accumulation of
organic matter on top of and within the permafrost, oriented
rock fragments, and silt-enriched layers. The characteristic
structures associated with gelic materials include platy, blocky,
or granular macrostructures; the structural results of sorting;
and orbiculic, conglomeric, banded, or vesicular microfabrics.
| ce segregation is manifested by ice lenses, vein ice, segregated
ice crystals, and ice wedges. Cryopedogenic processes that lead
to gelic materials are driven by the physical volume change of
water to ice, moisture migration along a thermal gradient in

Soil Taxonomy

thefrozen system, or thermal contraction of the frozen material
by continued rapid cooling.

GlacicLayer

A glaciclayer ismassiveice or ground icein theform of ice
lenses or wedges (photo 38). Thelayer is 30 cm or morethick
and contains 75 percent or more visible ice.

Lithic Contact

A lithic contact is the boundary between soil and a coherent
underlying material (photo 39). 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 horizontal spacing is 10
cm 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. The material below alithic contact must bein a
strongly cemented or more cemented rupture-resistance class.
Commonly, the material is indurated. The underlying material
considered here does not include diagnostic soil horizons, such
as a duripan or a petrocalcic horizon.

A lithic contact is diagnostic at the subgroup level if it is
within 125 cm of the mineral soil surface in Oxisols and within
50 cm of the mineral soil surfacein all other mineral soils. In
organic soils the lithic contact must be within the control
section to be recognized at the subgroup level.

Par alithic Contact

A pardlithic (lithiclike) contact is a contact between soil and
paralithic materials (defined below) where the paralithic
materials have no cracks or the spacing of cracks that roots can
enter is10 cm or more (photo 40).

ParalithicM aterials

Paralithic materials are relatively unaltered materials (do
not meet the requirements for any other named diagnostic
horizons or any other diagnostic soil characteristic) that have
an extremely weakly cemented to moderately cemented
rupture-resistance class. Cementation, bulk density, and the
organization are such that roots cannot enter, except in cracks.
Paralithic materials have, at their upper boundary, a paralithic
contact if they have no 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 seriesif the materials
are within the series control section. Fragments of paralithic
materials 2.0 mm or more in diameter are referred to as
pararock fragments.
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Per mafr ost

Permafrost isdefined asathermal conditioninwhich a
material (including soil material) remains below 0 °C for 2 or
more years in succession. Those gelic materials having
permafrost contain the unfrozen soil solution that drives
cryopedogenic processes. Permafrost may be cemented by ice
or, in the case of insufficient interstitial water, may be dry. The
frozen layer has avariety of ice lenses, vein ice, segregated ice
crystals, and ice wedges. The permafrost table isin dynamic
equilibrium with the environment.

Soil Moisture Regimes

It has been conventional to identify three soil moisture
regimes. In one, the soil is saturated. In another, the amount of
water is enough to cause leaching. In the third, no leaching
occurs. In the leaching regime, some water moves through the
soil at some time during the year and moves on down to the
moist substratum. In the nonleaching regime, water moves into
the soil but is withdrawn by evapotranspiration, leaving
precipitated carbonates and more soluble salts. Between these
two regimes, there is another possible one in which there is
alternation from year to year; leaching occurs in some years but
not in all. For consideration of the losses of soluble materials
or their accumulation in horizons with k, y, or z suffixes, these
concepts are adequate. For the understanding of biological
processes, they leave much to be desired. A soil can be subject
to leaching during winter, when it is too cold for optimum
biological activity, and it can be too dry during most of the
summer for significant biological activity. The result is a
relatively wide carbon-nitrogen ratio.

The term “soil moisture regime” refers to the presence or
absence either of ground water or of water held at atension of
less than 1500 kPa in the soil or in specific horizons during
periods of the year. Water held at a tension of 1500 kPa or
more is not available to keep most mesophytic plants aive. The
availability of water is also affected by dissolved salts. If a soil
is saturated with water that is too salty to be available to most
plants, it is considered salty rather than dry. Consequently, a
horizon is considered dry when 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 al 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 June, July, and August and
winter refers to December, January, and February.

Significance to Soil Classification

The moisture regime of asoil isan important property of the
soil as well as a determinant of processes that can occur in the
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soil. During geologic time there have been significant changes
in climate. Soilsthat could have formed only in ahumid
climate are now preserved in an arid climatein some aress.
Such soilshaverelict featuresthat reflect the former moisture
regime and other features that reflect the present moisture
regime.

The soil moistureregimeisonly partially afunction of
climate. Most deep, permeable soils under high and well
distributed rainfall have water that is available to plants most
of the time. Soils in areas of an arid climate, however, are not
necessarily dry. They may be dry, moist, or saturated,
depending on their position on the landscape, because they
may receive water from sources other than the rain that falls on
them. The extra water may be runoff from rainfall on an
adjacent slope or on distant mountains, or it may come from
melting snow, seepage, or even natural artesian sources. In the
Northern Hemisphere, precipitation is more effective in soils
on north aspects than in soils on south aspects. In some areas
this difference is significant enough for there to be different
soil moisture regimes on north and south aspects. Soils may
also lose part or most of the water that falls on them,
particularly if they are sloping and the surface horizon has few
noncapillary pores. On any given landscape that has uniform
climate, adjacent soils may have different moisture regimes.

Each of the moisture regimesin the history of asoil isa
factor in the genesis of that soil and is the cause of many
accessory characteristics. Most of the accessory characteristics,
however, and those most important for interpretations are
associated with the present moisture regime, even if the present
regimedifferswidely from some of the earlier regimes. For
example, beforean argillic horizon forms, enough water hasto
pass through the soil to remove soluble materials, such as
finely divided carbonates. If the leaching and formation of the
argillic horizon took place under climatic conditionswith more
effective precipitation than that of today, the present argillic
horizon is not necessarily free from carbonates or other soluble
materials. Soilswith soluble salts or carbonates above and
within the argillic horizon have characteristics that reflect both
past and present climates. The argillic horizon formed under a
past climate, and the soluble salts and carbonates accumul ated
under the present climate. Both climates have left markersthat
can be observed in the soilstoday. The argillic horizon that
formed under more effective moisture may have formed under
precipitation similar to that of today but under cooler
temperatures, or it may have formed under temperatures
similar to those of today but under higher precipitation. There
iSno precise measure of past climates, and an accurate
reconstruction of past climatesisdifficult. Moreimportantly,
the present climate determines use and management of the soil.
It isaproperty of the soil. Furthermore, the moisture regimes
of most soilsareinferred from the present climate, and small-
scale maps can be interpreted in terms of the many accessory
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characteristics that are common to most of the soils that have a
common climate. These characteristicsinclude the amount,
nature, and distribution of organic matter, the base status of the
soil, and the presence or absence of salts.

The most important of the soil interpretations are the
potentials for growing different plants and the cultural
practices required to grow them. Without soil climate as a
criterion at some level in the taxonomic system, for example,
Vertisols from Texas could be in the same taxonomic class as
Vertisols from North Dakota.

Normal Years

In the discussions that follow and throughout the keys, the
term “normal years’ isused. A normal year is defined as a year
that has plus or minus one standard deviation of the long-term
mean annual precipitation. (Long-term refers to 30 years or
more.) Also, the mean monthly precipitation during a normal
year must be plus or minus one standard deviation of the long-
term monthly precipitation for 8 of the 12 months. For the
most part, normal years can be calculated from the mean
annual precipitation. When catastrophic events occur during a
year, however, the standard deviations of the monthly means
should also be calculated. The term “normal years’ replaces
the terms “most years’ and “6 out of 10 years,” which were
used in the previous edition of Soil Taxonomy (USDA, SCS
1975).

Esimation

The landscape position of every soil is subject to extremesin
climate. While no 2 years have exactly the same weather
conditions, the moisture status of the soil must be characterized
by probability. Weather probabilities can be determined from
long-term weather records and observations of how each soil
responds to weather conditions as modified by its landscape
position.

A number of methods have been devised to relate soil
moisture to meteorological records. To date, all of these
methods have some shortcomings, even for gently sloping soils
that depend primarily on precipitation for their moisture. Dew
and fog can add appreciable amounts of moisture to some soils,
but quantitative data are rare.

The graphs in diagrams 3 to 16 are based on the average
values for precipitation, temperature, and potential
evapotranspiration. They give an oversimplified picture of the
moisture regime of the whole soil rather than of the moisture
control section. The data are based on the monthly
climatological values of temperature and precipitation for the
indicated number of years and the monthly potential
evapotranspiration (PE) normals taken from the large
Thornthwaite collection covering theworld (Mather, 1964
1965). No reduction from potential evapotranspiration was
made.

Thefollowing legend helpsto explain the graphsin
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diagrams 3 to 16. Numbers at the bottom of the graphsindicate
months of the year.

ALT =Altitude [m]
AWC = Available water capacity [mm]
REC=Recorded years

PRE =Annual precipitation [mm]
PET =Annual potential evapotranspiration [mm]
TEM = Annual mean temperature [°C]

® e Temperature | Water deficit

sk Potential evapotranspiration m Water surplus

m Water utilization
m Water recharge

A—aA Precipitation

— Actual evapotranspiration

In diagram 3 the area between the line that joins all of the
precipitation normals and the one that joins all of the PE
normal s indicates the status of soil moisture. Beginning at the
point where precipitation becomes greater than PE, the areato
the right shows recharge, the amount of moisture stored in the
soil. This area commonly extends to the extreme right of the
diagram. The amount of recharge is limited either by the
available water capacity (AWC) of the soil, in which case a
vertical line delimits the area as surplus, or by the fact that PE
again exceeds precipitation before the AWC has been filled.
The point where PE exceeds precipitation is utilization.
Utilization shows the amount of PE necessary to remove the
water held at atension of less than 1500 kPa. Excess PE, if
any, before the time that recharge begins is called deficit and is
delimited by a vertical line.

The discussion of recharge, surplus, utilization, and deficit
in the preceding paragraph has implied the moisture regime of
a cool, moist region in the Northern Hemisphere, but many
other combinations of recharge, surplus, utilization, and deficit
can occur, including al surplus and all deficit.

For definitions of taxa, it is recognized that the accretion of
daily or monthly precipitation is depleted, linearly or
nonlinearly, by daily or monthly potential evapotranspiration.
Aninitial condition is set, and the sequence of subsequent
water balances shows whether critical parts of the soil profile
are likely to be moist, partly dry, or completely dry as the
seasons advance. Depending on one’s purposes, an assumption
of linear or of nonlinear depletion of soil moisture might be
best. To represent the probable soil moisture regime, the
estimate of evapotranspiration should be reduced as the soil
dries. To represent irrigation needs, evapotranspiration at the
full potential rate would give a better picture. Either procedure
gives a crude picture of both.

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 adry (tension of more than 1500 kPa, but not air-dry)
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soil will be moistened by 2.5 cm of water within 24 hours. The
lower boundary isthe depth to which adry 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.

The boundaries for the soil moisture control section
correspond to the rooting depths for many crops; however,
there are natural plant communities that have their roots either
above or below the control section. Attempts are currently
being made to improve the parameters of the soil moisture
control section.

If 7.5 cm of water moistens the soil to a densic, lithic,
paralithic, or petroferric contact or to a petrocalcic or
petrogypsic horizon or a duripan, the contact or the upper
boundary 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 boundary or the
contact itself. The control section of such a soil is considered
moist if the contact or upper boundary of the cemented horizon
has a thin film of water. If that upper boundary is dry, the
control section is considered dry.

The concept of the soil moisture control section does not
apply well to the cracking clays, because these clays remoisten
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Diagram 3.—Udic, frigid; St. Petersburg, Russia (formerly
Leningrad, U.S.S.R.).
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from both the surface and the bases of the cracks. The soil
moisture patterns of these soils are defined in terms of the
pattern of cracking over time.

Dry soils can remoisten unevenly for avariety of reasons
other than microrelief or the presence of cracks or holes that
are open at the surface. Water can be suspended by capillary
forcesin adry sandy soil (Rode, 1965). When the suspended
water exceeds a critical limit, it drains rapidly at some points
into lower soil layers. Water can be suspended in a dry or moist
soil if pore sizes increase with increasing depth, and similar
leaks may occur. Uneven moistening may result from
interception of rain by plants. Part of the rain reaches the soil
by flowing down the stem of the plant. Some plants, such as
mulga (Acacia aneura) in Australia, intercept virtually all of
the rain falling on them. In this situation, the soil is moistened
deeply around the stem but remains extremely dry under the
canopy of the mulga. In areas between the plants, rain
generaly falls directly on the soil. Thus, within a very short
distance, there are three contrasting moisture regimes. In one,
the soil is deeply moistened; in the second, which surrounds
the first, the soil receives virtually no moisture; and in the
third, the soil is intermittently moist and dry.

If moistening occurs unevenly, the weighted average depth
of moistening in a pedon is used for the limits of the moisture
control section.

The moisture control section of a soil extends approximately
(1) from 10 to 30 cm below the soil surface 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 rock and pararock fragments that do not
absorb and release water, the limits of the moisture control
section are deeper. The limits of the soil moisture control
section are affected not only by the particle-size class but also
by differences in soil structure or pore-size distribution or by
other factors that influence the movement and retention of
water in the soil.

The classification of the soil seriesin the United States
was determined in part by knowledge of the moisture
regimes. The definitions of soil moisture regimes that follow
were fitted to the boundaries. If future studies show that the
classifications of the soils are not in agreement with these
definitions, we are more likely to change the definitions than
the classifications. Over time, changes in both will doubtless
be made.

Classesof Soil Moisture Regimes

The soil moisture regimes are defined in terms of thelevel
of ground water and in terms of the seasonal presence or
absence of water held at atension of lessthan 1500 kPain the
moisture control section. It is assumed in the definitions that
the soil supports whatever vegetation it is capable of
supporting, i.e., crops, grass, or native vegetation, and that the
amount of stored moisture is not being increased by irrigation
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or fallowing. These cultural practices affect the soil moisture
conditions as long as they are continued.

Aquicmoistureregime—Theaquic (L. aqua, water)
moisture regime is a reducing regime in a soil that is virtually
free of dissolved oxygen because it is saturated by water. Some
soils are saturated with water at times 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 aregime is not considered
aquic.

It is not known how long a soil must be saturated before it is
said to have an aguic moisture regime, but the duration must
be at least afew days, because it isimplicit in the concept that
dissolved oxygen isvirtually absent. Because dissolved oxygen
is removed from ground water by respiration of micro-
organisms, roots, and soil fauna, it is aso implicit in the
concept that the soil temperature is above biologic zero for
some time while the soil is saturated. Biologic zero is defined
as 5 °C in this taxonomy. In some of the very cold regions of
the world, however, biological activity occurs at temperatures
below 5 °C.

Very commonly, the level of ground water fluctuates with
the seasons; it is 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. Examples are soilsin tidal
marshes or in closed, landlocked depressions fed by perennial
streams. 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 above the series
level. These terms can be used in descriptions of taxa. Some
soils with an aquic moisture regime also have a xeric, ustic, or
aridic (torric) regime.

Although the aquic and peraquic moisture regimes are
not used as either criteria or formative elements for taxa,
they are used in taxon descriptions as an aid in understanding
genesis. The formative term “agu” refers to aquic conditions,
not an aquic moisture regime. Some soils included in the
“Aqu” suborders may have aquic or peraquic moisture
regimes.

Aridicandtorric(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 normal years:

1. Dryindl partsfor more than half of the cumulative days
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Diagram 4.—Aridic, hyperthermic; Jodhpur, India.

per year when the soil temperature at a depth of 50 cm from the
soil surfaceis above5°C; and

2. Moistinsomeor all partsfor lessthan 90 consecutive
days when the soil temperature at a depth of 50 cm is above
8 °C.

Soils that have an aridic (torric) moisture regime
normally occur in areas of arid climates. A few arein areas
of semiarid climates and either have physical properties that
keep them dry, such as a crusty surface that virtually
precludes the infiltration of water, or are on steep slopes where
runoff is high. There is little or no leaching in this moisture
regime, and soluble salts accumulate in the soils if thereis a
source.

Diagrams4to 7 illustrate climatic datain aregion wherethe
soilshavean aridic (torric) moistureregime. Diagram 4 isan
exampl e of an areawith an aridic soil moistureregimeand a
hyperthermic soil temperatureregime. Diagram 5isan
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exampl e of an areawith an aridic soil moistureregimeand a
thermic temperature regime. Diagram 6isan example of an area
with an aridic soil moisture regime and amesic soil temperature
regime. Diagram 7 isan example of an areawith an aridic soil
moi sture regime that grades towards an ustic soil moisture
regime.

Thelimitsset for soil temperature exclude from these moisture
regimes soils in the very cold and dry polar regionsand in areas
at high elevations. Such soils are considered to have anhydrous
conditions (defined earlier).

Udicmoaistureregime—Theudic (L. udus, humid)
moi sture regimeis onein which the soil moisture control
section isnot dry in any part for aslong as 90 cumulative days
innormal years. If the mean annual soil temperatureislower
than 22 °C and if the mean winter and mean summer soil
temperatures at a depth of 50 cm from the soil surface differ by
6 °C or more, the soil moisture control section, in normal
years, isdry in all partsfor lessthan 45 consecutive days
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Diagram 6.—Aridic, mesic; Lanzhou, China.

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 temperatureis above
5¢C.

The udic moisture regime is common to the soils of humid
climates that have well distributed rainfall; have enough rain
in summer so that the amount of stored moisture plus rainfall
is approximately equal to, or exceeds, the amount of
evapotranspiration; or have adequate winter rains to recharge
the soils and cool, foggy summers, asin coastal areas. Water
moves downward through the soils at some time in normal
years.

In climates where precipitation exceeds evapotranspiration in
all months of normal years, the moisture tension rarely reaches
100 kPain 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
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Ustic moistureregime.—Theustic (L. ustus, burnt;
implying dryness) moisture regimeisintermediate between
the aridic regime 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
permafrost or acryic soil temperature regime (defined
below).

If the mean annual soil temperature is 22 °C or higher or if
the mean summer and winter soil temperatures differ by less
than 6 °C at a depth of 50 cm below the soil surface, the soil
moisture control section in areas of the ustic moisture regime is
dry in some or al parts for 90 or more cumulative daysin
normal years. It is moist, however, in some part either for more
than 180 cumulative days per year or for 90 or more
consecutive days.

If the mean annual soil temperatureislower than 22 °C and
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Diagram 7.—Aridic, mesic; Odessa, Ukraine.

itisnot frozen. Such an extremely wet moistureregimeis
called perudic (L. per, throughout intime, and L. udus,
humid). Inthe names of most taxa, the formative element “ud”
isused to indicate either audic or a perudic regime; the
formative element “per” isused in selected taxa. The
distinction between perudic and udic can always be made

at the serieslevel.

Diagram 8illustrates an areawith audic soil moistureregime
and an isohyperthermic soil temperature regime. Diagram 9
illustrates an areawith audic soil moisture regime and athermic
temperatureregime. Diagrams 10 and 11 areexamples of areas
with audic soil moisture regime and mesic and frigid temperature
regimes, respectively.

Diagram 12 illustratesa perudic soil moistureregime. Note
that the perudic regime shows a surplus every month of the
year. Obviously, if calculations were made on adaily basis,
there would be short periods of withdrawal.

300 pRE=1207 22°53'S 43°17'W  ALT=14 [ 30
|PET=1184 AWC=200[
|TEM=23.1 REC=30
- e L4 -

250 . - 25
; . . L
i . i
| . . I

2004 4 ° ¢ L2

PRECIPITATION AND EVAPOTRANSPIRATION [mm]

T
7

8

T

T T T T
9 10 11 12

1

2

Diagram 8.—Udic, isohyperthermic; Rio de Janeiro, Brazil.
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if the mean summer and winter soil temperaturesdiffer by 6 °C
or more at adepth of 50 cm from the soil surface, the soil
moisture control section in areas of the ustic moisture regimeis
dry in someor al partsfor 90 or more cumulative daysin
normal years, but it isnot dry in all partsfor more than half of
the cumulative days when the soil temperature at a depth of 50
cmishigher than 5°C. If in normal yearsthe moisture control
sectionismoist in all partsfor 45 or more consecutive daysin
the 4 months following the winter solstice, the moisture control
section isdry in al partsfor less than 45 consecutive daysin
the 4 monthsfollowing the summer solstice. Diagram 13
illustrates an areawith an ustic soil moisture regime and a
thermic soil temperatureregime. Diagram 14 illustratesan
areawith an ustic soil moisture regime and amesic soil
temperatureregime.

In tropical and subtropical regions that have a monsoon
climate with either one or two dry seasons, summer and winter

seasons have little meaning. In those regions the moisture
regimeisustic if thereisat least one rainy season of 3 months
or more. In temperate regions of subhumid or semiarid
climates, 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.

Xericmoistureregime.—Thexeric (Gr. xeros, dry)
moistureregimeisthe typical moistureregimein areas of
Mediterranean climates, where winters are moist and cool and
summersarewarm and dry. The moisture, which fallsduring
thewinter, when potential evapotranspirationisat aminimum,
isparticularly effectivefor leaching. In areas of axeric
moi sture regime, the soil moisture control section, in normal
years, isdry in all partsfor 45 or more consecutive daysin the
4 monthsfollowing the summer solstice and moist in all parts
for 45 or more consecutive daysin the 4 monthsfollowing the
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winter solstice. Also, in normal years, the moisture control
section ismoist in some part for more than half of the
cumulative days per year when the soil temperature at a depth
of 50 cm from the soil surfaceis higher than 6 °C or for 90 or
more consecutive days when the soil temperature at a depth of
50 cmishigher than 8 °C. The mean annual soil temperatureis
lower than 22 °C, and the mean summer and mean winter soil
temperatures differ by 6 °C or more either at adepth of 50 cm
from the soil surface or at adensic, lithic, or paralithic contact
if shallower.

Diagram 15illustrates an areawith axeric soil moistureregime
and athermic soil temperatureregime. Diagram 16 illustratesan
areawith axeric soil moisture regime and amesic soil
temperatureregime.

Soil Temper ature Regimes

The temperature of asoil isone of itsimportant properties.
Within limits, temperature controls the possibilities for plant
growth and for soil formation. Below the freezing point, there
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Diagram 11.—Udic, frigid; Harbin, China.
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Diagram 12.—Perudic, mesic; Zeehan, Australia (Tasmania) .

isno biotic activity, water no longer movesasaliquid, and,
unless there is frost heaving, time stands still for the soil.
Between temperatures of 0 and 5 °C, root growth of most plant
species and germination of most seeds areimpossible. A
horizon as cold as 5 °C isathermal pan to the roots of most
plants.

Biological processesin the soil are controlledin large
measure by soil temperature and moisture. Each plant species
has its own temperature requirements. In the Antarctic, for
example, there is a microscopic plant that grows only at
temperatures below 7 °C, temperatures at which most other
plants are inactive. At the other extreme, germination of seeds
of many tropical plant species requires a soil temperature of
24 °C or higher. Plant species have one or more soil
temperature requirements that are met by the soils of their
native environment. Similarly, soil fauna have temperature
requirements for survival. Soil temperature, therefore, has an
important influence on biological, chemical, and physical
processes in the soil and on the adaptation of introduced plant
Species.

At any moment the temperature within a soil varies from
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horizon to horizon. The temperature near the surface fluctuates
with the hours of the day and with the seasons of the year. The
fluctuations may be very small or very large, depending on the
environment. Because temperature is so variable, or perhaps
because it is not preserved in samples, some pedologists have
thought that it is not a property of a soil. Oneisinclined to
notice the properties that differ among soils and to focus
attention on them.

Each pedon has a characteristic temperature regime that can
be measured and described. For most practical purposes, the
temperature regime can be described by the mean annual soil
temperature, the average seasonal fluctuations from that mean,
and the mean warm or cold seasonal soil temperature gradient
within the main root zone, which is the zone from a depth of 5
to 100 cm.

Mean Annual Soil Temperature

Each pedon has a mean annual temperature that is
essentially the same in all horizons at al depths in the soil and
at depths considerably below the soil. The measured mean
annual soil temperature is seldom the same in successive
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Diagram 13.—Ustic, thermic; Haskell, Texas, United States.

Diagram 14.—Ustic, mesic; Halle, Germany.

depths at agiven location, but the differences are so small that it
seems valid and useful to take a single value as the mean annual
temperature of asoil.

The mean annual soil temperatureisrelated most closely
to the mean annual air temperature, but thisrelationshipis
affected to some extent by the amount and distribution of
rain, the amount of snow, the protection provided by shade
and by O horizons in forests, the slope aspect and gradient,
and irrigation. Other factors, such as soil color, texture,
and content of organic matter, have negligible effects (Smith
etal., 1964).

Fluctuationsof Soil Temperature

The mean annual temperature of a soil isnot asingle
reading but the average of a series of readings. Near the
surface, the readings may fluctuate from the mean fully as
much asthose of the air temperature, especialy if thereisno
insulating cover. The fluctuations occur as daily and annual
cycles, which in most places are made somewhat irregular by
weather events. The fluctuations decrease with increasing
depth and are ultimately damped out in the substratain a zone
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Diagram 15.—Xeric, thermic; Athens, Greece.

where the temperature is constant and is the same as the mean
annual soil temperature.

Daily fluctuations—Daily changesin air temperature
have a significant effect on the temperature of soil horizons
to adepth of about 50 cm. The fluctuations may be very
large, particularly in soilsof dry climateswherethe daily
range in temperature of the upper 2.5 cm of the soils may
approach 55 °C. At the other extreme, under melting snow,
the temperature at the soil surface may be constant
throughout the day. In a few places in high mountains
very near the Equator, the soils have virtually constant
temperature.

Daily fluctuationsin soil temperature are affected by
clouds, vegetation, length of day, soil color, sope, soil
moisture, air circulation near the ground, and the temperature
of any rain that falls. Moisture can be exceedingly important

Soil Taxonomy

in reducing fluctuationsin soil temperature. The specific heat

of water isroughly 4 timesthat of adry surface horizon, and the
specific heat of amedium textured surface horizon at field
capacity isroughly one-half more than that at the wilting

point. Water increases the thermal conductivity of soils, and

it can also absorb or liberate heat by freezing and thawing

or by evaporating and condensing. All of these effects of

soil water reduce fluctuations in soil temperature at the
surface.

Fluctuations caused by changesin weather.—Soil
temperatures also fluctuate during short periods of below-
average or above-average air temperatures. The fluctuations
caused by weather extend to a greater depth than those of the
diurnal cycle. Periods of high or low temperature tend to last
afew daysto aweek in most of the United States. Like
weather patterns in general, however, they occur at irregular
intervals.

The soil temperature at a depth of 50 cm shows almost no
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daily fluctuation, but it reflects short-time weather patterns. Data
indicate that at shallow depths soil temperaturesreflect daily
fluctuationsin temperature.

Cold or warm rains may bring about rapid and marked
changesin the temperature of surface horizons. Generaly, the
direct effect of arain on soil temperatureis not measurable 48
hours after the rain ends.

Seasonal fluctuationsand soil temper aturegradientsin the
Tropics.—Seasonal fluctuations of soil temperatureare
generally small in the intertropical regions between the Tropic of
Capricorn and the Tropic of Cancer. Mean annua soil
temperatures vary with elevation, but seasonal temperatures
vary primarily with clouds and rain. The warmest seasons may
be the dry seasons, for the effects of clouds and rain may
outweigh those of the angle of the sun’s rays.

Diagram 17 showsthe soil temperature, air temperature,
rainfall, and percentage of possible sunshine at Yangambi, Zaire,

at an elevation of about 365 m (1.N.E.A.C., 1953). Thesedata
indicate that the soil temperatureis higher in winter thanin
summer. Actually, the soil temperature fluctuates with cloud
cover and rain and appears to be most closely correlated with
the amount of sunshine. In the Tropics, differences between
summer and winter temperaturesare small and may bein
either direction. The average temperature over a3-month
season isvirtually the same at all depths within the upper m of
the sail.

As the temperate region is approached, near the Tropic of
Cancer, for example, soil temperaturesin summer arelikely to be
higher than those in winter, but the differences between the
mean summer temperature and the mean winter temperaturein
the upper m of the soil are usually lessthan 6 °C.

Seasonal fluctuation and soil temper aturegradientsin
midlatitudes—Soil temperaturesin the 48 conterminous
States of the United States generally show marked seasonal
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Diagram 18.—Mean monthly isotherms of ground temperature at Belgrade, Yugoslavia.

fluctuations. To illustrate seasonal changes under a midlatitude
continental climate, such as that in much of the United States,
agood record of soil temperaturesfrom Belgrade, Yugosavia
(Chang, 1958b), has been selected. Thisrecord is shown
graphically in diagram 18. The annual cooling and heating
waves extend to adepth of 12 m, but the amplitude of variation
at thisdepthisonly 0.1 °C. At adepth of 14 m, the temperature
is constant and is the same as the mean annual soil temperature.
These records clearly show that seasonal temperature
fluctuations penetrate deeply into the earth, well below the limit
of soil.

The depth to the stratum that has constant temperature is not
thesamein al soils. It isreduced by shallow ground water
because water has high specific heat. Records of well-water
temperature in the 48 conterminous States of the United States
show that, in the presence of ground water, the stratum of
constant soil temperature occurs at a depth of about 9 m.

Chang (1958a) has estimated that, in the absence of ground
water, seasonal fluctuations of soil temperature penetrate to a
depth of 20min Alaska, 15 min midlatitudes, and 10 minthe
Tropics. In dry soils, thermal conductivity is low and, although
seasonal fluctuationsin temperature may be very large, the
depth of penetration isno greater than in moist soils. At Jaipur,
India (lat. 27° N.), the seasonal range in soil temperature at a
depth of 6 m was 2.7 °C, but at a depth of 14 m, it was only
0.2°C (Chang, 1958b).

The amplitude of seasonal fluctuations and the timing of
periods of warm and cool soil temperature are primarily
functions of latitude and climate. In midlatitudes the angle of
the sun’s rays is most important, but clouds, rain, irrigation
water, snow cover, bodies of water, direction and angle of
dlope, and presence or absence of shallow ground water and of
thick O horizons can all affect the amplitude of fluctuation.
Seasonal fluctuations in midlatitudes are generally in excess of
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6°C. That is, the average summer soil temperatureismore
than 6 °C higher than the average winter soil temperaturein
the upper m of the soil.

Since the temperatures of soils at high elevationstend to
resemble those of soils at high latitudes, the discussion in this
section is confined to soils having mean annual temperatures of
8 °C or higher. The cold soils at high elevations in the
midlatitudes are discussed with the soils of high latitudes.

Effect of depth.—In a given soil, the closer to the surface,
the greater the amplitude of fluctuation. Seasonal variations
of soil temperature are greatest at the surface and decrease
with increasing depth until, at a depth of 9 m or more, they
disappear (diagram 18). The mean summer, winter, and
annual soil temperatures (Chang, 1958b) areplottedin
diagram 19 asafunction of depth together with air
temperaturesfor Ames, lowa, whichisinthemidlatitudes. If
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we disregard the upper few cm, the changes in the mean
seasonal soil temperature with increasing depth are nearly
linear, so nearly so that one must conclude that the mean
seasonal temperature of soil to any depth within the main
zone of rooting isvery closely approximated by the mean
temperature at the midpoint in depth. The temperature gradient
is positivein winter and negative in summer. Itis
approximately 0.5 °C per 10 cm. The gradients seem very
similar inmost midlatitude soilswhererecordsare available,
even in undrained peats.

Effect of vegetative cover.—In the humid midlatitudes, the
plant cover can have an important influence on seasonal
fluctuations of soil temperature. The differences among kinds
of plant cover, such as grass, crops, and trees, in shading or
insulating the soil are minor if O horizons are transient or
absent.

0 surface = ] R
X = Mean Soil Temp. | \
O = Mean Air Temp. at 1.5 m | S
20 Ames, lowa T
Lat. 42°00' N.
Elevation 300 meters
e 40
L
S <
g
O 60
Dec-Jan-Feb Mean|Annual Jun-Jul-Aug
80
100 ) ok ‘
-30 -20 -10 0 10 20 30

Temperature (degrees C)

Diagram 19.—Soil temperature gradients with air temperatures for winter and summer in relation to mean annual temperatures at Ames,

lowa.
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Diagram 20.—Relationship between soil temperature and elevation on south and north aspects.

Effect of irrigation.—Irrigation of dry soils can havea
marked effect on the soil temperature in summer. Both
evaporation and shade affect the temperature, but evaporation
isprobably the moreimportant. The reduction may exceed 8 °C
in places.

Effect of ground water.—Because of itslarge latent and
specific heat, shallow ground water greatly affects seasonal
fluctuations of soil temperature in midlatitudes. The principal
effects occur during periods when the soil is freezing or
thawing because the latent heat of the freezing of water is
about 80 times the specific heat.

Effect of aspect and gradient of slope—The aspect
(direction) and gradient of slope may affect the deviation of the
mean monthly soil temperatures from the annual mean. The
effect in winter is large compared to that in summer. In the
Northern Hemisphere, south-facing slopes have smaller
seasona fluctuations from the annual mean than north-facing

dopes. The effects of aspect increase sharply in high latitudes.
Diagram 20 shows the rel ationship between soil temperature and
elevation on north and south aspects in the Great Basin of
Nevada (Jensen et al., 1989).

Seasonal fluctuationsin high latitudes—Soilsin high
latitudes are cold, and the seasonal soil temperature fluctuations
do not approximate a simple sine curve as do thosein
midlatitudes. Diagram 21 showsthe mean monthly soil and air
temperaturesat Mustiala, Finland (Chang, 1958b). Theair
temperature follows a simple sine curve and is above the mean
for only 5 months and below it for 7 months. The asymmetrical
soil temperature fluctuations reflect the combined influence of
snow as an insulator during winter and the relatively high
insolation during summer months, when the sun is above the
horizon all or most of thetime

Diagram 22 shows the mean annual seasonal soil
temperature at Mustiala, Finland, as a function of depth
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(Chang, 1958b). The skewed seasonal fluctuations areindicated
by the closeness of the lines that show winter temperature and
mean annual temperature

In these latitudes, the soil temperaturein summer islower
than the air temperature. The temperature gradients with
increasing depth are similar to those in midlatitudes.

Effect of snow cover.—Diagram 23 showsthe effect of
snow cover on soil temperature at various depths (Molga, 1958).
It indicates the difference in temperature between bare soil and
soil covered with snow (snow-covered plot minus bare plot).
From November through March, the snow-covered plot was
warmer at all depths. The average temperature difference for the
winter months, December through February, was4 °C
at a depth of 50 cm. In April, when the air temperature was
rising and snow was melting, the bare soil warmed more
rapidly and was warmer than the snow-covered plot to a depth
of 40 cm.

The effect of snow on soil temperature is not limited to high
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latitudes and high altitudes. Snow cover is common but
intermittent for the most part in midlatitudes where the mean
annual soil temperatureislessthan 13°C.

Effect of vegetative cover.—The cover of litter and of mossin
areas of cold climates commonly isthicker than the cover in
areas of warm climates. Asthe cover thickens, it reducesthe
amplitude of seasona fluctuations of soil temperature because
it insul ates the soil during the entire year.

Diagram 24 showsthe mean monthly soil temperaturesfor a
cleared field versus aforested site at Delta Junction, Alaska
(Shur et al., 1993). Without the shade from trees and insulation
from litter and organic matter, the cleared field is colder in
winter and warmer in summer.

Differencesin the type of vegetation can result in variations
in soil temperature. Diagram 25 illustrates differencesbetween a
climax spruceforest with athick organic layer and aless
insulated aspen forest in the Copper River area of Alaska
(Mooreand Ping, 1989).
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Diagram 21.—Mean monthly and annual soil and air temperatures at Mustiala, Finland.
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Diagram 22.—Soil temperature gradients with air temperatures for winter and summer in relation to mean annual temperatures at

Mustiala, Finland.

Effect of ground water.—Because of its specific and latent
heat, ground water reduces seasonal fluctuations of soil
temperature. In diagram 26 the soil temperature at adepth of 50
cmisplotted for two soilsat Flahult, Sweden (Chang, 1958h),
where the mean annual soil temperatureisabout 6 °C. The sail in
the wet bog waswarmer in winter and cooler in summer than the
sandy soil. The amplitude of fluctuations at a depth of 50 cm
was 4 °C less in the wet bog than in the sandy soil.

Estimation of Soil Temperature

Soil temperature often can be estimated from climatol ogical
data with a precision that is adequate for the present needs of
soil surveys. If we cannot make reasonably precise estimates,
the measurement of soil temperature need not be a difficult or a
time-consuming task.

Frequently, the mean annual soil temperature for much
of the United Statesis estimated by adding 1 °C to the
mean annual air temperature. Thetable “Mean Annual
Soil Temperature (MAST) and Mean Annual Air Temperature
(MAAT)"” showsthe mean annual soil temperature from
various sites in the United States. It also shows the

difference between the mean annual soil temperature and
the mean annual air temperature at these sites. These data
indicate that for some areasin the United States the mean
annual soil temperature should be estimated by adding 2 or
even 3 °C (rather than 1 °C) to the mean annual air
temperature.

The mean summer soil temperature at a specific depth
also can be estimated. To make this estimate, we can take
the average summer temperatures of the upper 100 cm and
correct for the temperature-depth gradient by adding or
subtracting 0.6 °C for each 10 cm above or below a depth of
50 cm. The mean winter temperature of many midlatitude
soils can be estimated from the difference between the mean
annual temperatures and the mean summer temperatures
because the differences are of the same magnitude but have
opposite signs.

The cooling wave at Belgrade extendsto adepth of 12 m,
and at this depth the minimum temperature is reached about 10
monthsater than at adepth of 1 m (diagram 18). The amplitude
of variation at adepth of 12 mislessthan 0.1°C. Thus, the
mean annual temperature of asoil in midlatitudes can be
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determined at any time by asingle reading at adepth of 13 m. A
singlereading at adepth of 10 miswithin 0.1 °C of the mean
annual soil temperature. A singlereading at adepth of 6 mis
within 1 °C of the mean annual temperature.

The mean annual temperature of soils underlain by deep
regolith can therefore be very closely approximated at any
season by measurement in a deep auger boring. In some areas
an even simpler method of determining the mean annual soil
temperature can be used. Dug wells generally range from 6 to
18 min depth. If the water table stands between 9 and 18 m
and water is drawn from the well frequently, the temperature of
water in the well, which is in equilibrium with the soil
temperature, gives the mean annual soil temperature within a
margin of error of less than 1 °C. The well must be in use, so
that water is moving into it from the ground. Unfortunately,
this method is suited only to humid regions where ground
water is shallow and is not frozen. Extensive records of well-
water temperature have shown that the water temperature
between depths of 9 and 18 mis essentially constant
throughout the year.

If the soil is shallow and there are no wells, the mean
annual soil temperature can be measured over the four seasons
only by taking several readings at regular intervals of time. If
the soil is expected to be frozen deeply at the time of one or
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Mean Annual Soil Temperature (MAST) and Mean Annual Air
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Diagram 23.—Monthly soil temperature differences between bare and snow-covered plots at Leningrad, U.S.S.R. (now St. Petersburg,

Russia), and mean monthly air temperature and snow thickness.
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Diagram 25.—Relationship of mean annual soil temperature
(MAST) and vegetative cover for the Copper River series.
Sites are in close proximity on the same landform. The
spruce site isin a late seral stage. The aspen site isin an
early seral stage because of wildfire.

more readings, aspecial thermometer or athermocouple can be

buried. If the temperature of asoil is measured at a depth

below the influence of the daily cycle of fluctuations, such asa

depth of 50 cm, four readings equally spaced throughout

the year give avery close approximation of the mean annual

temperature. For example, the average of readingstaken

at adepth of 50 cm at Vauxhall, Alberta, on January 1,

April 1, July 1, and October 1, 1962, differsfromthe

average of two readings each day of the year by only 0.3 °C.

Greater precision can be achieved by increasing either the

number or the depth of the readings. The mean annual soil

temperature computed for any one year will be close to the long-

term mean annual temperature, that is, the normal temperature.

At Ames, lowa, for example, the standard deviation of the yearly

mean for a13-year record at adepth of 50 cmisonly 0.6 °C.
Seasonal temperatures bear an almost linear relation to

depth within the limits of depth that usually concern soil

scientists. By selecting a suitable depth and measuring the

temperature on the 15th of June, July, and August, we can

derivethe average soil temperature for the 3-month summer

period. Themargin of error will be small only if measurementsare

made at a depth below the daily temperature fluctuations, that is,
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at adepth of 50 cm or more. M easurements made at a depth of 50
cm give the average temperature in the upper m of the soil. A

test of this method at Vauxhall, Alberta, shows that the average
of three measurements taken at a depth of 50 cm on June 15, July
15, and August 15, 1962, iswithin 0.6 °C of the mean summer
temperature computed from daily readings.

Greater precision can be achieved mainly by increasing the
number of readings. Readings of soil temperature at depths as
shallow as 50 cm should be deferred for at least 48 hours after a
heavy rain.

Classesof Soil Temperature Regimes

Following isadescription of the soil temperature regimes
used in defining classes at various categoric levelsin this
taxonomy.

Cryic (Gr. kryos, coldness, meaning very cold soils).—Soils
in thistemperature regime have amean annual temperature lower
than 8 °C but do not have permafrost.

1. Inminera soilsthe mean summer soil temperature (June,
July, and August in the Northern Hemisphere and December,
January, and February in the Southern Hemisphere) either at a
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depth of 50 cm from the soil surface or at adensic, lithic, or
paralithic contact, whichever isshallower, isasfollows:

a. If thesoil isnot saturated with water during some part of
the summer and

D
2

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

D

(2) If thereisan O horizon or ahistic epipedon: lower
than 6 °C.

If thereisno O horizon: lower than 15 °C; or

If thereisan O horizon: lower than 8 °C; or

If thereisno O horizon: lower than 13 °C; or

2. Inorganic soilsthe mean annual soil temperatureislower
than 6 °C.

Cryic soilsthat have an aguic moisture regime commonly are
churned by frost.

Isofrigid soils could also have acryic temperature regime. A
few with organic materialsin the upper part are exceptions.

The concepts of the soil temperature regimes described
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Diagram 26.—Mean monthly and mean annual soil temperatures in a soil in a wet bog and in a sandy soil at Flahult, Sweden.
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below are used in defining classes of soilsin thelow
categories.

Frigid.—A soil with afrigid temperatureregimeis
warmer in summer than asoil with acryicregime, but its
mean annual temperature islower than 8 °C and the difference
between mean summer (June, July, and August) and mean
winter (December, January, and February) soil temperaturesis
more than 6 °C either at adepth of 50 cm from the soil surface
or at adensic, lithic, or paralithic contact, whichever is
shallower.

M esic.—Themean annual soil temperatureis8°C or higher
but lower than 15 °C, and the difference between mean summer
and mean winter soil temperaturesismorethan 6 °C either at a
depth of 50 cm from the soil surface or at adensic, 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 6 °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 6 °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,
the mean summer and mean winter soil temperatures differ by
less than 6 °C at a depth of 50 cm or at a densic, lithic, or
paralithic contact, whichever is shallower.

I sofrigid.—The mean annual soil temperature is lower than
8 °C.

| somesic.—The mean annual soil temperatureis8°C or
higher but lower than 15°C.

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

| sohyper ther mic.—The mean annual soil temperatureis
22°Cor higher.

SulfidicMaterials

Sulfidic materials contain oxidizable sulfur compounds. They
aremineral or organic soil materialsthat have apH value of more
than 3.5 and that, if incubated asalayer 1 cm thick under moist
aerobic conditions (field capacity) at room temperature, show a
dropin pH of 0.5 or more unitsto apH valueof 4.0 or less (1:1
by weight in water or in aminimum of water to permit
measurement) within 8 weeks.

Sulfidic materials accumulate asa soil or sediment that is
permanently saturated, generally with brackish water. The
sulfates in the water are biologically reduced to sulfides as the
materials accumulate. Sulfidic materials most commonly
accumulate in coastal marshes near the mouth of rivers that
carry noncal careous sediments, but they may occur in
freshwater marshesif thereis sulfur in thewater. Upland sulfidic
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materialsmay have accumulated in asimilar manner
in the geologic past.

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

SulfuricHorizon

Brackish water sediments frequently contain pyrite (rarely
marcasite), which is an iron sulfide. Pyrite forms from the
microbial decomposition of organic matter. Sulfur released
from the organic matter combines with the iron to crystallize
FeS. Characterigtically, the pyrite crystals occur as nests or
framboids composed of bipyramidal crystals of pyrite. In an
oxidizing environment, pyrite oxidizes and the products of
oxidation are jarosite and sulfuric acid. The jarosite may
undergo slow hydrolysis, leading to further production of
sulfuric acid. Iron is precipitated as a reddish ochre precipitate,
commonly ferrihydrite, which later may crystallize as
maghemite, goethite, and even hematite. If free aluminum is
present, alunite may crystallize in addition to jarosite. The
jarosite has a straw-yellow color and frequently lines poresin
the soil. Jarosite concentrations are among the indicators of a
sulfuric horizon.

In some soils, the hydrolysis of jarosite is rapid and the
yellow redoximorphic concentrations may not be evident, even
though the soils are extremely acid (pH less than 3.5) or the
soil solution is high in soluble sulfur. The low pH and high
amount of soluble sulfur are indicators of a sulfuric horizon. A
soil can develop low pH values, however, from highly acidic
materials from other sources. Therefore, low pH and sulfuric
materials in the underlying layers also are indicators of a
sulfuric horizon. A quick test of sulfidic materialsis arapid
fall in pH on drying or after treatment with an oxidizing agent,
such as hydrogen peroxide.

A sulfuric horizon forms as a result of drainage (most
commonly artificial drainage) and oxidation of sulfide-rich or
organic soil materials. It can form in areas where sulfidic
materials have been exposed as a result of surface mining,
dredging, or other earth-moving operations. A sulfuric horizon
is detrimental to most plants.

Required Characteristics

Thesulfuric (L. sulfur) horizonis15 cmor morethick andis
composed of either mineral or organic soil material that hasapH
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valueof 3.5 or less (1:1 by weight in water or in aminimum of
water to permit measurement) and shows evidence that the low
pH valueis caused by sulfuric acid. The evidence is one or more
of thefollowing:

1. Jarosite concentrations; or

2. Directly underlying sulfidic materials (defined above);
or

3. 0.05 percent or more water-soluble sulfate.
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Application of Soil Taxonomy to Soil Surveys

he fundamental purposes of a soil survey are to show

the geographic distribution of soils and to make
predictions about the soils (USDA, SCS, 1951 and 1993). To
this end, a soil survey includes soil maps, map unit
descriptions, soil series descriptions, taxonomic classifications,
and interpretations for the use and management of the soils.

Soil surveys are made at several intensities and for many
uses. The procedures, standards, and uses are described in the
most recent revision of the Soil Survey Manual (USDA, SCS
1993) and the most recent version of the National Soil Survey
Handbook (USDA, NRCS, 1997). The applications of soil survey
are numerous. They include interpretations for the growth of
plants, such as crops, forage species, trees, and ornamental
shrubs. They also include interpretations for urban, rural, and
recreational development and for conservation and wildlife
habitat planning.

Soil mapping and classification have evolved, and the
conceptual framework for mapping and classifying soils has
changed and will continue to change. Over the years soil
science literature has documented numerous concepts and
approaches to mapping, classifying, and interpreting soils at
various scales. The purpose of this chapter is not to present the
numerous concepts and approaches but to outline the
application of widely used and accepted soil-landscape models
and taxonomic models for mapping and labeling soil
geographic order in soil surveys at scales of 1:12,000 to
1:100,000 and in soil surveys at scales smaller than 1:100,000.

Mapping and L abeling Soil Geogr aphic Order at
Large (1:12,000 to 1:31,680) and Intermediate
(1:31,680 to 1:100,000) Scales

Mapping Soil Geographic Order

A landscape is a portion of the land surface that the eye can
comprehend in asingleview and isacollection of landforms
(Ruhe, 1969). Understanding landscapes and landforms and
their influence on soil distributioniscritical in observing and
mapping soil geographic order (Peterson, 1981; Ruhe, 1969).
The tasks of a soil scientist who sets out to map soils and
produce a soil survey areto perceive a meaningful soil
geographic pattern at the landscape, landform, and landform
component levels and to record that pattern in aform that can
be retained and conveyed to others. The most common scales
for alarge-scale soil map rangefrom 1:12,000to 1:31,680

(USDA, SCS, 1993). Withintensivefield investigation of areas
mapped within this scale range, soil geographic variation can
be readily observed and recorded cartographically at the
landscape, landform, and landform component levels. The
minimum-size delineation iscommonly between 0.6 and 4 ha
(USDA, SCS, 1993).

Intermediate-scale soil mapsrangefrom 1:31,680to
1:100,000 and are commonly associated with lower intensity
field soil surveys (USDA, SCS, 1993). At thismap scaleand
with the lower intensity of field investigation, soil geographic
variation can be observed and recorded cartographically at the
multiplelandscape, landscape, or landform level. The
minimum-size delineation for intermediate soil mapsis
commonly between 4 and 250 ha(USDA, SCS, 1993).

In mapping soils at any scale, it is necessary to assume that
there is a pattern of order in the spatial distribution of soil
characteristics. The soil genesis model, which defines soil as a
function of parent material, climate, living organisms, relief,
and time, provides a basis for predicting order. A soil surveyor
quickly learns that the geographic distribution of soilsis
related to the five soil-forming factors. A soil surveyor observes
and maps a geographic pattern of soils by grouping soils with
similar genesis and by separating soils where there is a change
in one or more of the soil-forming factors. Hudson (1990 and
1992) outlined the application of the catena concept (Milne
1936) and the soil factor equation (Jenny, 1941) to soil survey as
agenera model of perceiving and mapping soil geographic
order. Hudson (1992) has al so summarized the soil-landscape
paradigm that has guided field soil surveys in the United States
for amost a century.

The Soil-L andscape Par adigm and Soil Survey

Soilsarelandscapesaswell asprofiles (USDA, SCS, 1951,
pp. 5-8; USDA, SCS, 1993, pp. 9-11). In soil survey, asoil-
landscape unit can be thought of as a landscape unit
(landscape, landform, or landform component) further modified
by one or more of the soil-forming factors. Within asoil-
landscape unit, the five factors of soil formation interact in a
distinctive manner. Asaresult, areas of a soil-landscape unit
have arelatively homogeneous soil pattern. A soil surveyor
perceives soil patterns by first conceptually dividing the
landscape into soil-landscape units. The boundaries between
dissimilar soil-landscape units are placed where one or more of
the soil-forming factors change within ashort lateral distance.
The morerapid the change between one or more of the soil-
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forming factors, the more abrupt the boundary between the
soil-landscape units and the easier it is for one to locate the
boundary. The slower the change between one or more of the
soil-forming factors, the more gradual the boundary between
the soil-landscape units and the more difficult it isfor oneto
locate the boundary. Generally, the closer the similarities
between two landscape units, the more gradual the change
between the landscape units and the more similar their
associated soils tend to be. Conversely, very dissimilar
landscape units tend to have abrupt boundaries between them
and have very dissimilar soils.

| dentifying soil-landscape units provides the basis for
recognizing soils and then designing soil map units, which are
the basic units for identifying soil geographic order in a soil
survey. Soil-landscape units can be combined to form map
units that encompass broader ranges of soils, or subdividing
the soil-landscape units can identify the soils and soil
distribution within a map unit in greater detail. The degree to
which soil-landscape units are combined or subdivided to form
soil map unitsis primarily a function of the complexity of the
soil-landscape units, the detail required for the intended use of
the soil survey, and the ability of the soil scientist to
consistently identify the soils and map units through
application of the available knowledge and tools and within the
constraints of cost and time.

L abeling Soil Geographic Order With Soil Taxonomy

A soil delineation (soil map unit delineation) isan
individual polygon identified on a soil map by amap unit
symbol and/or name that defines a three-dimensional soil body
of aspecified area, shape, and location on the landscape (Soil
Science Society of America, 1997). A map unit isan aggregate
of all soil delineationsin a soil survey areathat have a defined
set of similar soil characteristics (Van Wambeke and Forbes,
1986).

Once soil-landscape units and soil map units have been
delineated, some means of labeling and representing the kinds
of soil that occur in the map units is needed. The classification
system described in Soil Taxonomy (USDA, SCS, 1975) has
been used for many yearsin identifying and |abeling soils that
occur within soil-landscape units and soil map units. Following
isadescription of the application of the taxonomic system to
soil survey.

A classisagroup of individuals or other units similar in
selected properties and distinguished from all other classes of
the same population by differences in these properties. Taxon
(pl. taxa) is a name used in classifications for a single class. It
may be broadly or narrowly defined according to the category.
A soil order isataxon, asis a soil series, afamily, or a great
group (Smith, 1963). Thetaxaof thissoil classification are
conceptual and are defined as precisely as our present
knowledge permits. They give us common standards for soil
correlation, which includes the mapping, naming, and
interpretation of soils. In practice, soil scientists map soil-
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landscape units. Properties of these soil-landscape units
correspond to the concepts of the taxa. Relating the soil bodies
(soil-landscape units or soil delineations) represented on maps
to taxonomic classes at somelevel in aclassification systemis
accomplished through soil correlation (Simonson, 1963).

In large- and intermediate-scale soil surveys, if the concept of
anamed series or other taxon corresponds to the properties of
the soil expected in a soil-landscape unit or soil map unit, we
normally use the name of that series or taxon to help identify the
soil properties of the delineation. If thereis no named series or
taxon available and we believe that such a series or other taxon
would be useful, we define and establish a new series or other
taxon. Also, for the practical purposes of a soil survey, another
classification is superimposed on the series or taxato identify
significant differencesin slope, erosion, stoniness, or other
characteristics. The assignment of taxonomic names, such asthe
name of asoil series, to label amap unit meansthat if we examine
the soil-landscape unit or soil map unit, we expect most
locations within the delineation to meet the criteriaof the taxon
or taxa (Holmgren, 1988). The designing, naming, and describing
of soil map units, which are covered elsewhere (USDA, SCS
1993; USDA, NRCS, 1997; Van Wambeke and Forbes, 1986), are
all critical elementsin the understanding of soil geographic
patterns.

Soil Geogr aphic Order and Soil Taxonomy in Soil Survey

It iscommonly acknowledged that thereis adisparity
between the entity that soil surveyors map and the entity that
they classify. Soil surveyors map soil bodies (soil-landscape
units and soil map units). Soil taxonomy, however, effectively
utilizes properties from samples taken within the soil-
landscape units and soil map units to establish taxon
boundariesand classify soils (Holmgren, 1988). Timeand the
fiscal constraints of a soil survey necessitate minimizing the
number of samples taken. In the past, this disparity between
sampling units and mapping units and the need for minimizing
the sampling effort was rationalized with the pedon and
polypedon. The pedon served as the sampling unit and was
defined as a three-dimensional soil volume with an area of 1 to
10 m? and adepth that includes the entire solum (USDA, SCS
1975). The polypedon was defined as a set of contiguous
pedons (USDA, SCS, 1975). It wasintended to be used to
establish series level taxa and the map units delineated in the
soil survey.

Applying the pedon and polypedon concepts to mapping
and classification has been the subject of debate and a source of
misunderstanding in soil survey for decades (Hudson, 1990 and
1992; Holmgren, 1988). Some notable problemsarethat in
reality soil profilesrather than pedons (i.e., three-dimensional
volumes) arereally sampled and classified (Holmgren, 1988),
that soil property variation prohibits the selection of one profile
or afew profilesto represent variation within delineated soil
bodies (Hudson, 1990), and that soil-landscape units and soil
map units are composed of more than one polypedon (as
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defined by USDA, SCS, 1975) and contain soilswith properties
outside the ranges of established taxa. Application of the soil-
landscape paradigm (Hudson, 1990 and 1992), however, can
identify soil-landscape boundaries and soil map unit boundaries,
and then, through careful selection of soil profiles that best
represent soil conditions within soil-landscape and soil map unit
delineations, the soil map units can be labeled and described
and useful soil surveys can be produced.

Large- and intermediate-scale soil surveys can be used to
provide general information about soil properties within each
soil-landscape unit and soil map unit. These soil surveys,
however, cannot be used in predicting exact soil properties at
any particular location with statistical confidence, and soil
properties may exceed the ranges defined for the taxa used to
represent soil-landscape units and soil map units.

Recognizing Established Seriesand Establishing
New Seriesin a Soil Survey Area at Scales of
1:12,000 to 1:100,000

The standards for establishing series, recognizing
established series, and naming the map units within a soil
survey area have changed in the past and can be expected to
change in the future. The current standards are presented
elsawhere (USDA, SCS, 1993; USDA, NRCS, 1997; Van
Wambeke and Forbes, 1986), and the results of the various
international classification committees are readily available.
The factors that should be considered when recognizing
established soil series, establishing new soil series, and naming
the map units within a soil survey area are described in the
following paragraphs.

The soil seriesis the basic taxonomic class in soil survey
areas mapped at large and intermediate scales. As a taxonomic
class, a seriesis agroup of soils that have horizons similar in
arrangement and in differentiating characteristics (USDA, SCS
1993). When recognizing established series and establishing
new seriesin thefield, we must consider the scale and the
degree of accuracy and precision at which we observe and plot
boundaries between soil-landscape units and soil map units. We
must also consider the ability of soil scientists to consistently
observe, determine, and record soil similaritiesand differencesin
the field; the purpose of the soil survey; the nature of the
variability of the soilswithin a delineation; the importance of the
variations to planning; and the probable uses of the soils. An
example of the ppplication of seriesdifferentiagisgivenin
chapter 21 of this publication.

The representation of soil distribution on a map is imperfect
to varying degrees. In the field, at large and intermediate
scales, soil scientists observe the boundaries between soil-
landscape units and soil map units and then record the
boundaries on an aerial photo or an appropriate map base.
Inevitably, there are errorsin the observation and placement of
these lines, in the sampling and identification of soils at the
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boundaries, and in the sampling and identification of soilswithin
the boundaries of soil-landscape units and soil map units.

Because series have narrow rangesin their properties, most
soilswithin a soil-landscape unit or soil map unit can be sampled
and identified with reasonable accuracy, even though the
locations of some of the boundaries may be obscure or difficult
to place. There commonly are areasin which asoil ina
delineation does not fit an established series. In this case the
range in characteristics of the existing series could be
expanded, a new series could be established, or the soil could
be handled asataxadjunct (USDA, SCS, 1993; Van Wambeke
and Forbes, 1986). There are also casesin which soilswithin a
soil-landscape unit or soil map unit occur as areas too small or
too intermingled to be delineated at the selected scale or in
which differences between soils are subtle and cannot be
consistently observed and mapped in the field. These cases can
be handled within the definitions of kinds of soil map units,
which include consociations, complexes, associations, and
undifferentiated groups, and in the map unit descriptions
(USDA, SCS, 1993; Van Wambeke and Forbes, 1986).

L abeling Soil Mapsat ScalesSmaller Than
1:100,000

As map scales become smaller, the degree of detail and
precision of the soil map decreases. This decrease is reflected
in the naming of map units and in the map unit descriptions.
Small-scale or general soil maps of individual survey areasin
published soil surveys in the United States commonly have
scales that range from about 1:100,000 to 1:250,000. The map
units delineated on these maps have been named as
associations of series. These generalized maps usually are
made by combining the delineations of detailed soil survey
mapsto form broader map units (USDA, SCS, 1993). These
broader map units group similar map unit delineations and are
commonly named for the two or three most dominant soil
series or taxa. The map unit descriptions for these smaller scale
maps should reflect the greater degree of map generalization.

State and regional soil maps commonly are produced at
scales of 1:250,000 to 1:1,000,000. State and regional general
soil maps can be produced by further generalizing county soil
maps. These state and regional maps are typicaly at scales of
about 1:500,000, and the map units delineated on these maps
are associations of the dominant soil series or taxa on the
county general soil maps.

Schematic soil maps commonly are at a scale of 1:1,000,000
or smaller (USDA, SCS, 1993). These maps can be compiled from
information on more detailed soil maps, county and state general
soil maps, and regional soil maps. Other sources of soil
geographic information can also be used where little or no soil
mapping information is available. At these small scales, map
units commonly are associations or consociations of taxa at the
higher categories, such as Oxisols, Udalfs, and Epiaquepts.
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CHAPTER 6
The Categories of Soil Taxonomy
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category of soil taxonomy is aset of classesthat is
defined approximately at the same level of
generalization or abstraction and that includes all soils. There
are six categories in soil taxonomy. In order of decreasing rank
and increasing number of differentiae and classes, the
categories are order, suborder, great group, subgroup, family,
and series.

In one sense, soil taxonomy is a sorting process. In the
highest category, one sorts all kinds of soil into a small humber
of classes. The number of classesis small enough for one to
comprehend and remember them and to understand the
distinctions among them. The sorting must make distinctions
that are meaningful for our purposes. When all soils are sorted
into a very few classes, such asthe 12 orders, each order is very
heterogeneous with respect to properties that are not considered
in the sorting and that are not accessory to the properties that
are considered. For some purposes, however, the order level
may provide sufficient information. As one continues to
classify asoil at lower and lower levels of soil taxonomy, more
information is conveyed about the soil. This method of
conveying information is one of the advantages of a
multicategoric classification system.

Reducing the heterogeneity requires another sorting in the
next lower category, the suborder. Again, the sorting must be
meaningful, but the sorting in one order may have little
meaning in another order. In soil taxonomy there are 64
suborders, a number larger than can be remembered
conveniently along with al the properties of the suborders. If
we focus on the suborders of a single order, however, we have,
at the most, seven suborders to understand and remembe.
Each of the suborders in an order has the properties common to
the order plus the properties used for sorting into that suborder.
In each of the 64 suborders, there is still great heterogeneity, so
we must sort again to obtain, at the next lower level, a set of
meaningful great groups. There are more than 300 great
groups, more than one can remember. One need focus,
however, on only one suborder at atime.

The sorting process continues in the remaining categories
down to the soil series. The soilsin any one series are nearly
homogeneous in that their range of propertiesis small and can
be readily understood. Collectively, the thousands of soil series
are far beyond our powers of comprehension, but they can be
sorted category by category, and one seldom needs to
comprehend more than afew of them at any one time.

Orders

There are 12 orders. They are differentiated by the presence
or absence of diagnostic horizons or features that reflect soil-
forming processes. If the soils in a given taxon are thought to
have had significantly different genesis, the intent has been to
sort out the differences in the next lower category.

Soil properties are the consequences of a variety of processes
acting on parent materials over time. Distinctions among
orders aid in understanding soils and remembering them on a
grand scale. The processes that occur in soils must be orderly
in relation to the soil-forming factors, which are climate and
living organisms acting on parent materials over time, as
conditioned by relief. These factors, in turn, have geographic
order. The features of the soil-forming processes are clearly
visible, but the details of the processes can only be inferred.
The distinctions made in classifying soils cannot be based on
the processes themsel ves because new knowledge is certain to
change our ideas about the processes, but the features of the
processes are facts that can be observed and measured and used
as abasis for distinctions. Thus, the distinctions between
orders are based on the markers left by processes that
experience indicates are dominant forces in shaping the
character of the soil. In this framework, the lack of features or
the zero degree also is alogical criterion.

The 12 orders and the major properties that differentiate
them illustrate the nature of this category. Complete definitions
are given later in this publication.

These orders are not the only possible orders in the
taxonomy. In fact, two new orders, Andisols and Gelisols, have
been established since the first edition of Soil Taxonomy. The
hierarchy is flexible, and other ad hoc orders may be defined to
emphasize properties not considered in the 12 orders. The
method of defining ad hoc orders is described in connection
with nomenclature later in this publication.

Alfisols

The soils in this order have markers of processes that
translocate silicate clays without excessive depletion of bases
and without dominance of the processes that lead to the
formation of a mollic epipedon. The unique properties of
Alfisols are a combination of an ochric or umbric epipedon, an
argillic or natric horizon, a medium to high supply of basesin
the soils, and water available to mesophytic plants for more
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than half the year or more than 3 consecutive months during a
warm season. Because these soils have water and bases, they
are, as awhole, intensively used.

Andisols

The unique property of Andisolsisadominance of short-
range-order minerals or Al-humus complexes that result from
weathering and mineral transformation with a minimum of
translocation. The characteristics common to most Andisols
include a high phosphorus retention, available water capacity,
and cation-exchange capacity. Most Andisols formed in
volcanic gecta or volcaniclastic materials. Andisols can form
in almost any environment, however, as long as suitable
temperature and adequate moisture are available to permit
weathering and the formation of short-range-order minerals.
The soils can have any diagnostic epipedon or subsurface
horizon as long as the unique property of Andisolsisin 60
percent of the upper 60 cm of the soils, disregarding O
horizons that have 25 percent or more organic carbon.

Prior to 1989, the soils now classified as Andisols were
included with Inceptisols, mainly as Andepts and Andaguepts,
which were discontinued with the acceptance of Andisols as an
order in soil taxonomy.

Aridisols

The unique properties common to Aridisols are a
combination of alack of water available to mesophytic plants
for very extended periods, one or more pedogenic horizons, a
surface horizon or horizons not significantly darkened by
humus, and absence of deep, wide cracks (see Vertisols) and
andic soil properties (see Andisols). Aridisols have no
available water during most of the time that the soils are warm
enough for plant growth (warmer than 5 °C [41°F]), and they
never have water continuously available for aslong as 90 days
when the soil temperature is above 8 °C (47 °F).

Aridisols are primarily soils of arid areas. They are in areas
that preclude much entry of water into the soils at present,
either under extremely scanty rainfall or under dlight rainfall
that for one reason or another does not enter the soils. The
vegetation in many areas consists of scattered ephemeral
grasses and forbs, cacti, and xerophytic shrubs. Some Aridisols
furnish limited grazing. If irrigated, many of them are suitable
for awide variety of crops.

Entisols

The unique properties common to Entisols are dominance of
mineral soil materials and absence of distinct pedogenic
horizons. The absence of features of any major set of soil-
forming processes is itself an important distinction. There can
be no accessory characteristics. Entisols are soils in the sense
that they support plants, but they may be in any climate and
under any vegetation. The absence of pedogenic horizons may
be the result of an inert parent material, such as quartz sand, in
which horizons do not readily form; slowly soluble, hard rock,
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such as limestone, which leaves little residue; insufficient time
for horizons to form, as in recent deposits of ash or aluvium;
occurrence on slopes where the rate of erosion exceeds the rate
of formation of pedogenic horizons; recent mixing of horizons
by animals or by plowing to a depth of 1 or 2 m; or the spoils
from deep excavations.

Gelisols

The unique property of Gelisolsis the presence of
permafrost and soil features and properties associated with
freezing and thawing. These features include irregular or
broken horizons and incorporation of organic materials in the
lower horizons, especially along the top of the permafrost table.
Freezing and thawing produce granular, platy, and vesicular
structures in surface and subsurface horizons. The increases in
soil volume on freezing are considered a major soil-forming
process in Gelisols. These soils are confined to the higher
latitudes or high elevations, but they make up about 13 percent
of the soils in the world, second only to Aridisols.

Histosols

The unique properties of Histosols are a very high content of
organic matter in the upper 80 cm (32 in) of the soils and no
permafrost. The amount of organic matter is at least 20 to 30
percent in more than half of this thickness, or the horizon that
isrich in organic matter rests on rock or rock rubble. Most
Histosols are peats or mucks, which consist of more or less
decomposed plant remains that accumulated in water, but some
formed from forest litter or moss, or both, and are freely
drained. The freely drained are described in chapter
14.

I nceptisols

Inceptisols have a wide range in characteristics and occur in
awide variety of climates. They can form in almost any
environment, except for an arid environment, and the
comparable differences in vegetation are great. Inceptisols can
grade toward any other soil order and occur on a variety of
landforms. The unique properties of Inceptisols are a
combination of water available to plants for more than half the
year or more than 3 consecutive months during a warm season
and one or more pedogenic horizons of alteration or
concentration with little accumulation of translocated materials
other than carbonates or amorphous silica. In addition,
Inceptisols do not have one or more of the unique properties of
Mollisols, which are a thick, dark surface horizon and a high
calcium supply, or the unique property of Andisols, which is
the dominance of short-range-order minerals or Al-humus
complexes.

Mollisols

The unique properties of Mollisols are a combination of a
very dark brown to black surface horizon (mollic epipedon)
that makes up more than one-third of the combined thickness
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of the A and B horizons or that is more than 25 cm thick and
that has structure or is not hard or very hard when dry; a
dominance of calcium among the extractable cations in the A
and B horizons; a dominance of crystalline clay minerals of
moderate or high cation-exchange capacity; and less than 30
percent clay in some horizon above 50 cm if the soils have
deep, wide cracks (1 cm or more wide) above this depth at
some season.

Mollisols characteristically form under grass in climates
that have a moderate to pronounced seasonal moisture deficit.
Some Moallisols, however, formed under aforest ecosystem, and
afew formed in marshes or in marls in humid climates.
Mollisols are extensive soils on the steppes of Europe, Asia,
North America, and South America

Oxisols

The unique properties of Oxisols are extreme weathering of
most minerals other than quartz to kaolin and free oxides, very
low activity of the clay fraction, and aloamy or clayey texture
(sandy loam or finer).

Oxisols characteristically occur in tropical or subtropical
regions, on land surfaces that have been stable for along time.
Generally, the surfaces are early Pleistocene or much older, but
Oxisols can occur on relatively young surfaces when weathered
soil material is redeposited. Oxisols developed in a humid
climate. Because climates change, however, some are now in
an arid environment.

Spodosols

Spodosols have markers in at least an upper sequum of
dominant processes that translocate humus and auminum, or
humus, aluminum, and iron, as amorphous materials. The
unique property of SpodosolsisaB horizon consisting of an
accumulation of black or reddish amorphous materials that
have a high cation-exchange capacity. This horizon is the
spodic horizon. In most undisturbed soils, an albic horizon
overlies the B horizon. The spodic horizon has accessory
characteristics of coarse texture, high pH-dependent charge,
and few bases. Commonly, the cation-exchange capacity is
related to the amount of organic carbon rather than to the clay.

Ultisols

Ultisals, like Alfisols, have markers of clay transocation,
but they also have markers of intensive leaching that are absent
in Alfisols. The unique properties common to Ultisols are an
argillic horizon and a low supply of bases, particularly in the
lower horizons.

The cation-exchange capacity in Ultisols is mostly moderate
or low. The decrease in base saturation with increasing depth
reflects cycling of bases by plants or additions in fertilizers. In
soils that have not been cultivated, the highest base saturation
isnormally in the few centimeters directly beneath the surface.
Like Alfisols, Ultisols have water, but they have few bases.
Without applications of fertilizer, they can be used for shifting
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cultivation. Because they are commonly warm and moist,
however, they can be made highly productive if fertilizer is

applied.
Vertisols

These soils have markers of processes related to the failure
of soil materials along shear planes (dickensides). Because the
soil material moves, the diagnostic properties have many
accessory properties. Among them are a high bulk density
when the soils are dry, low or very low hydraulic conductivity
when the soils are moist, an appreciable rise and fall of the soil
surface as the soils become moist and then dry, and rapid
drying as aresult of open cracks. The unique properties
common to Vertisols are a high content of clay, pronounced
changes in volume with changes in moisture, cracks that open
and close periodically, and evidence of soil movement in the
form of dickensides and of wedge-shaped structural aggregates
that are tilted at an angle from the horizontal. The
development of eluvial/illuvial horizons in some Vertisols
suggests that pedoturbation is not rapid enough to preclude
long-term trandocation processes.

Suborders

Sixty-four suborders currently are recognized. The
differentiae for the suborders vary with the order but can be
illustrated by examples from two orders. The Entisol order has
five suborders that distinguish the major reasons for absence of
horizon differentiation. One suborder includes soils that have
aquic conditions. These are the soils in areas of marshy recent
alluvium and the soils of coastal marshes that are saturated
with water and have a blue or green hue close to the surface.
This suborder segregates the wet varieties. A second suborder
includes soils that are not wet and that consist of recent
alluvium, which generaly is stratified. This suborder
segregates the very young soils that do not have horizons
because there is continuing deposition of new sediments. A
third suborder includes soils on recently eroded slopes. This
suborder segregates soils that are kept young by removal of soil
materials at a rate that is more rapid than that of horizon
differentiation. A fourth suborder includes sands that may
range from recent to old. If old, they either lack the building
blocks for pedogenic horizons or do not have enough moisture.
Although the reasons for absence of horizons in the sands vary,
the sands have many common physical properties, such as a
low capacity for moisture retention, high hydraulic
conductivity, and susceptibility to soil blowing. The sorting of
these differences is continued in the lower categories. The fifth
suborder of Entisols includes soils in which horizons have been
mixed by deep plowing or other human activities that have
destroyed the pedogenic horizons as such but not the fragments
of the horizons.

Alfisols has five suborders. Asin Entisols, one suborder
includes wet soils in which the colors are dominantly gray. A
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second suborder includes Alfisols that are cold and have a
short growing season. A third suborder includes soils that have
a udic moisture regime and rarely do not have water available
for plants. A fourth suborder has an ustic moisture regime and
has extended or frequent periods when the soils do not have
water that is available to mesophytic plants in some or all
horizons. The fifth suborder includes the Alfisols that have a
xeric moisture regime. These soils are cool and moist in winter,
but they are dry for extended periods in summer.

The differentiae used in defining the suborders of Alfisols
include important properties that influence genesis and that are
extremely important to plant growth. The differentiae in six of
the other orders closely parallel those of Alfisols. In the
remaining orders, differentiae were selected to reflect what
seemed to be the most important variables within the orders.

Great Groups

There are more than 300 great groups. At as high a
categoric level as possible, it is desirable to consider all the
horizons and their nature collectively as well as the
temperature and moisture regimes. The moisture and
temperature regimes are causes of properties, and they also are
properties of the whole soil rather than of specific horizons. At
the order and suborder levels, only afew of the most important
horizons could be considered because there are few taxain
those categories. At the great group level, the assemblage of
horizons and the most significant properties of the whole soil
are considered. Although the definition of a great group may
involve only afew differentiae, the accessory properties are
many times that number.

Differentiae in the great group category segregate soils that
have the following properties in common:

Close similarities in kind, arrangement, and degree of
expression of horizons—Exceptions are made for some thin
surface horizons that would be mixed by plowing or lost by
erosion and for horizons that indicate transitions to other great
groups. For example, an argillic horizon that underlies the
spodic horizon is permitted in the Spodosol order because that
combination is considered to represent a kind of transition
between Spodosols on the one hand and Alfisols and Ultisols
on the other. Emphasis is placed on the upper sequum in the
great group category because it is thought to reflect the current
processes and is more critical to plant growth than the deeper
horizons.

Similaritiesin base status—If the base status varies widely
within a suborder, the range is narrowed at the great group
level.

The suborders of Alfisols were defined on the basis of
moisture regimes. In addition to the argillic horizon that is
common to all Alfisols, other kinds of horizons may occur. A
fragipan or duripan restricts root development and water
movement, which in turn affect current processes of soil
formation. These horizons are used as one basis for defining
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great groups. The argillic horizon may have afine texture and
may be abruptly separated from an overlying albic horizon.
This combination also affects root development and water
movement, inducing shallow perched ground water and
intermittent reducing conditions in the soils. The horizons may
be thick as aresult of very long periods of development. They
may be undergoing destruction, and the soils may have
developed a glossic horizon. These features also are used as
differentiae for great groups.

In contrast to Alfisols, emphasis in the Entisols was placed
on soil moisture and temperature regimes when the great
groups were differentiated. Because the various suborders occur
in all parts of the world, they have extreme ranges in moisture
and temperature regimes, and those regimes affect pedogenesis
as well as use and management of the soils.

Subgroups

There are more than 2,400 subgroups. Through the
categories of order, suborder, and great group, emphasis has
been placed on features or processes that appear to dominate
the course or degree of soil development. In addition to these
dominant features, many soils have properties that, although
apparently subordinate, are still markers of important sets of
processes. Some of these appear to be features of processes that
are dominant in some other great group, suborder, or order. In
aparticular soil, however, they only modify the traits of other
processes. For example, some soils have aguic conditions and
have, throughout their depth, gray colors with reddish or
brownish redox concentrations. Other soils have aquic
conditions only in their lower horizons, and in those horizons
the dominant colors may be shades of brown, red, or yellow
with some gray redox depletions. The effects of ground water
are apparent in both sets of soils, but they have less importance
in the latter set.

Other properties are features of processes that are not used
as criteria of any taxon above the subgroup level. For example,
aMollisol at the foot of a slope, where there has been a slow
accumulation of materials washed from the higher parts of the
dope, may have a greatly overthickened mollic epipedon.

Thus, there are three kinds of subgroups:

Typic subgroups.—These are not necessarily the most
extensive subgroups, nor do they necessarily represent the
central concept of the great group. In some taxa typic
subgroups simply represent the soils that do not have the
characteristics defined for the other subgroups.

Intergradesor transitional formsto other orders,
suborders, or great groups—The properties may be the result
of processes that cause one kind of soil to develop from or
toward another kind of soil or otherwise to have intermediate
properties between those of two or three great groups. The
properties used to define the intergrades may be:

1. Horizonsin addition to those definitive of the great
group, including an argillic horizon that underlies a spodic
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horizon and a buried horizon, such as athick layer of
organic materials that is buried by a thin mineral soil; or

2. Intermittent horizons| such as those described in the
section of chapter 1 that deals with the pedon; or

3. Properties of one or more other great groups that are
expressed in part of the soils but are subordinate to the
properties of the great group of which the subgroup is a
member. One example of different depths of saturation and
reduction was given earlier. Another example might be an
Alfisol that has an ochric epipedon alittle too thin or alittle
too light in color to be a mollic epipedon. This feature could
result from an invasion of grassland by forest or the reverse,
from the coexistence of both grass and forest, or from the
erosion caused by human activities.

Extragrades—These subgroups have some properties that
are not representative of the great group but that do not
indicate transitions to any other known kind of soil. One
example of an overthickened mollic epipedon was given
earlier. Other examples are soils that are very shallow over
rock (Lithic) or soils that have high amounts of organic carbon
(Humic).

Families

In this category, the intent has been to group the soils within
a subgroup having similar physical and chemical properties
that affect their responses to management and manipulation for
use. In some cases soil properties are used in this category
without regard to their significance as indicators of soil-
forming processes.

The following are defined primarily to provide groupings of
mineral soils with restricted ranges in:

1. Particle-size classes in horizons of major biologic
activity below plow depth;

2. Mineralogy classes in the same horizons that are
considered in naming particle-size classes;

3. Cation-exchange activity classes of certain particle-size
and mineralogy classes in the same horizons that are
considered in naming particle-size classes;

4. Calcareous and reaction classes in horizons directly
below plow depth;

5. Soil temperature classes;
6. Thickness of the soil penetrable by roots; and

7. Classes of coatings, cracks, and rupture resistance used
in defining some families to produce the needed
homogeneity.

These properties carry important interpretive information,
including aeration and the movement and retention of water,
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both of which affect the growth of plants and engineering
. The differentiae are described in more detail in chapter
21

Series

The seriesis the lowest category in this system. More
than 19,000 series have been recognized in the United States.
The differentiae used for series generally are the same as
those used for classes in other categories, but the range
permitted for one or more properties is narrower than the
range permitted in a family or in some other higher category.
For several properties, a series may have virtually the full
range that is permitted in afamily, but for one or more
properties, the range is restricted. The purpose of the series
category, like that of the family, is mainly pragmatic, and the
taxain the series category are closely allied to interpretive uses
of the system.

Two kinds of distinctions, therefore, are made among series.
First, the distinctions among families and among classes of all
higher categories also are distinctions among series. A series
cannot range across the limits between two families or between
two classes of any higher category. Second, distinctions among
similar series within a family are restrictions in one or more
but not necessarily all of the ranges in properties of the family.
Taken collectively, the number of the latter kind of distinctions
istoo large to be comprehended readily. One can only state the
basis for separating individual series. Diagnostic horizons and
features provide a framework for differentiating series, but
series differentiae need not be limited to the defined diagnostic
horizons and features.

The differentiae for series in the same family are expected to
meet three tests. The first is that properties serving as
differentiae can be observed or can be inferred with reasonable
assurance. The second is that the differentiae must create soil
series having a unique range of properties that is significantly
greater than the normal margin of errors made by qualified
pedol ogists when they measure, observe, or estimate the
properties. The third is that the differentiae must reflect a
property of the soils. This significance can be reflected in the
nature or degree of expression of one or more horizons. The
nature of horizons includes mineralogy, structure, rupture-
resistance class, texture of the subhorizons, and moisture and
temperature regimes. If color is accessory to some other
property, it too is included. Degree of horizon expression
includes thickness, contrast between horizons or subhorizons,
and the nature of boundaries. If horizons are absent, the nature
of the whole zone of major biologic activity is considered. The
series control section is defined in chapter 21.

Important differences, shown by experience or research to
condition or influence the nature of the statements that we can
make about the behavior of the soil, should be considered as
series differentiae.
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A number of soil properties condition the statements made
about a soil or its use but are not series differentiae. A steep
dlope or stones on the surface may be very important to the use
of asoil in mechanized farming, but they may have virtualy no
importance to the growth of aforest, although they can hinder
timber harvesting. If it is assumed that these soil characteristics
are not reflected in the nature of the soil, or in the nature or
degree of expression of horizons explained earlier, then they
may be used as one of the bases of phases of soil series. The
phases provide for a utilitarian classification that can be
superimposed on soil taxonomy at any categoric level to permit
more precise interpretations and predictions of the consequence
of the various alternative uses of the soil.

The primary use of soil seriesin the classification system is
to relate the map units represented on detailed soil maps to the
taxa and to the interpretations that may follow. Map units are
named for one or more soil series. Map units are real things,
but series are conceptual. The Miami series, for example,
cannot be seen or touched, but the map units that are identified

as physical entities expressing the concept of the Miami series
can be seen and touched.

The names of soil series have several meanings that must be
kept in mind. First, the Miami series is a taxonomic class, a
concept of a narrowly defined kind of soil. Second, one may
examine a pedon and say, “Thisis Miami,” meaning that the
properties in the pedon are those of the Miami series and that
the pedon is a proper example. Third, “Miami” is used as part
of the name of a map unit in an area that is shown on a soil
map if the Miami series is dominant in that area. An example
of such amap unit is Miami silt loam, 2 to 6 percent slopes.
These are three common meanings of “Miami,” or of any series
name, and all are proper. It is essential, however, to keep in
mind that a series, as used in this taxonomy, is conceptual; the
meaning is not identical with the meaning intended on soil
maps because an area of Miami soil has inclusions of soils of
other series. Inclusions of Miami soil also are permitted in
areas named for other series. The application of this taxonomy

to soil surveysis described in
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he nomenclature of soil taxonomy is based on the

following premises: Each taxon requires a nameif it is
to be used in speech; a good name is short, easy to pronounce,
and distinctive in meaning; a name is connotative, that is,
capable of mnemonic attachment to the concept of the thing
itself (Heller, 1963); and it isuseful if the name of ataxon
indicates its position in the classification, if similaritiesin
important properties are reflected by similarities in names, if
the mnemonic attachments hold in many languages, and if the
name fits into many languages without translation.

The name of each taxon above the category of series
indicates its class in al categories of which it is a member.
The name of a soil seriesindicates only the category of series.
Thus, a series name may be recognized as a series, but it does
not indicate the order, suborder, great group, subgroup, or
family.

Thetable " Example of Names of Taxa” showsthe names of
taxain each category from order to series for two soil series.
Because the assigned names are connotative and because most
formative elements carry the same meaning in any
combination, a hame can convey a great deal of information
about a soil.

Recognition of Names

Orders

The names of orders can be recognized as such because the
name of each order endsin sol (L. solum, soil) with the
connecting vowel o for Greek roots and i for other roots, asis
indicated in the table " Formative Elementsin Names of Sail
Orders.” Each name of an order contains aformative element
that begins with the vowel directly preceding the connecting
vowel and ends with the last consonant preceding the
connecting vowel. In the order name “Entisol,” the formative
element is ent. In the name “Aridisol,” it isid. These formative
elements are used as endings for the names of suborders, great
groups, and subgroups. Thus, the names of all taxa higher than
the series that are members of the Entisol order end in ent and

* Thischapter was devel oped with the assistance of thelate Prof. A.L. Leemans, Classic
Language Department, State University of Ghent, and thelate Prof. John L. Heller, Department
of theClassics, University of Illinois.

can be recognized as belonging to that order. Names ending in
id are the names of taxa belonging to the Aridisol order.

Suborders

The names of suborders have exactly two syllables. Thefirst
syllable connotes something about the diagnostic properties of
the soils. The second is the formative element from the name of
the order. The 28 formative elements shown in the table
“Formative Elementsin Names of Suborders” are used with the
12 formative elements from names of the orders to make the
names of 64 suborders. The suborder of Entisols that has aquic
conditions throughout is called Aquents (L. aqua, water, plus
ent from Entisol). The formative element aqu is used with this
meaning in 9 of the 12 orders. The suborder of Entisols that
consists of very young sedimentsis called Fluvents (L. fluvius,
river, plus ent from Entisol).

Great Groups

The name of a great group consists of the name of a
suborder and a prefix that consists of one or two formative
elements suggesting something about the diagnostic properties.
The formative elements are shown in thetable “ Formative
Elementsin Names of Great Groups.” The names of great
groups, therefore, have three or four syllables and end with the
name of a suborder. Fluvents that have a cryic temperature
regime are called Cryofluvents (Gr. kryos, icy cold, plus
fluvent). Fluvents that have a torric moisture regime are caled
Torrifluvents (L. toridus, hot and dry).

Subgroups

The name of a subgroup consists of the name of a great
group modified by one or more adjectives. In some instances,
the adjective Typic represents what is thought to typify the
great group. In other instances, Typic subgroups simply do not
have any of the characteristics used to define the other
subgroups in a great group. Each Typic subgroup has, in
clearly expressed form, all the diagnostic properties of the
order, suborder, and great group to which it belongs. Typic
subgroups also have no additional properties indicating a
transition to another great group. A Typic subgroup is not
necessarily the most extensive subgroup of a great group.
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Example of Names of Taxa

Order Suborder

Great Group

Series

Subgroup Family

Entisols....coceevveeeenee. Fluvents......cccooeeueene Torrifluvents...........

Typic Torrifluvents... Fine-loamy,
mixed, superactive,
calcareous, mesic.

Jocity, Youngston.

Formative Elements in Names of Soil Orders

Name of order Formative element in name

Derivation of formative element Pronunciation of formative

AlfiSOIS oo N )
ANdiSOIS.....ccveieirieiecreee e AN oo,
ARdisols ....coveeeeicieeecceeeeen, o [OOSR
ENtisOlS ....cocveereeieeeceececcee e, ENt e
GEISOIS ..., El oo
HIiStoSOIS ....covvevecieeeeceece e, IS e
INCEPLISOIS....cvvvrrcrere e, )
MOIliSOIS.....cveeeeeeiceee e, Ol e,
OXISOIS...ooeeveirierecrierecreere e OX crveereiteeere et
50100 (015 o] - (© o I
UISOIS ..ot Ut e
VertisolS ....ooveereecieceeeecee e = OSSR

element
Meaningless syllable................... Pedalfer.
Modified from ando ................... Ando.
L.aridus, dry ....ccccceeeveeeivvinnnnnnns Arid.
Meaningless syllable................... Recent.

L. gelare, to freeze .......cceeneeee. Jell.

Gr. histos, tissue .......ccoevvvrerreennn. Histology.
L. inceptum, beginning .............. Inception.
L. mollis, SOft ..ocoveererececeiene Moallify.
F. oxide, oxide .......ccccecevvrerernnnne Oxide.
Gr. spodos, wood ash ................. Odd.

L. ultimus, 18St ..ccveveeeeeeceieeens Ultimate.
L. verto, turn ......cccocevenveicnnens Invert.

Intergrade subgroups are those that belong to one great
group but have some properties of another order, suborder, or
great group. They are named by use of the adjectival form of
the name of the appropriate taxon as a modifier of the great
group name. Thus, the Torrifluvents that have some of the
properties of Vertisols or the properties closely associated with
Vertisols are called Vertic Torrifluvents. Vertic Torrifluvents
have some of the properties of Vertisols superimposed on the
complete set of diagnostic properties of Torrifluvents.

Extragrade subgroups are those that have important
properties that are not representative of the great group but that
do not indicate transitions to any other known kind of soil.
They are named by modifying the great group name with an
adjective that connotes something about the nature of the
aberrant properties. Thus, a Cryorthent that has bedrock that is
at least strongly cemented within 50 cm of the mineral soil
surface is called a Lithic Cryorthent (lithic, Gr. lithos, stone).
This subgroup is listed as an example in the table “Names of
Orders, Suborders, Great Groups, and Subgroups.”

Families

The names of families are polynomial. Each consists of the
name of a subgroup and descriptive terms, generally three or

more, that indicate the particle-size class (or combinations
thereof if strongly contrasting), the mineralogy (26 classes), the
cation-exchange activity (4 classes), the calcareous and
reaction class (4 classes), the temperature (8 classes), and, in a
few families, depth of the soil (3 classes), rupture resistance (2
classes), and classes of coatings and classes of cracks (3
classes). The names of most families have three to five
descriptive terms that modify the subgroup name, but a few
have only one or two and a few have as many as six. The
example given in the table “Example of Names of Taxa’ isa
family of fine-loamy (particle-size class), mixed (mineralogy),
superactive (cation-exchange activity), cal careous (cal careous
and reaction), mesic (soil temperature) Typic Torrifluvents.

Series

The names of series as arule are abstract place names. The
name generally is taken from a place near the one where the
series was first recognized. It may be the name of atown, a
county, or some local feature. Some series have coined names.
Many of the series names have been carried over from earlier
classifications. Some have been in use since 1900. The name of
a series carries no meaning to people who have no other source
of information about the soils in the series.
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Formative Elements in Names of Suborders

Formative element Derivation Connotation
AlD e L. albus, White ......ccooeiriirrere e Presence of an albic horizon.
ANthr .o Modified from Gr. anthropos, human.............cccccccvvvenee. Modified by humans.

AQU oo [ To - TV (= Aquic conditions.

PN L. arare, tOPIOW ...cceeeeeceeceeeeeeece e Mixed horizon.

PN (o [ Modified from argillic horizon; L. argilla, white clay ... Presence of an argillic horizon.
CalC.oirieirien L. calCis, lIME .. Presence of a calcic horizon.
Camb.....cccoevvereenen, L. cambiare, to exchange ........c.ccoevvvvevcevv s Presence of a cambic horizon.
CrY e Gr. Kryos, iCy COld.....ooviiiereseee e Cold.

DU o L. durus, hard .......c.coeoeeeeeeececeseee e Presence of a duripan.

(=] o] S L. fibra, fiDer ...occveeeeee e L east decomposed stage.

FIUV e L. fUVIUS, FIVEr oo Flood plain.

[0 L. fOlia, [EAVES ... Mass of leaves.

(€] o/ T L. QYPSUM, GYPSUM ...eeueeeieieeeneeneeeeeesessesesee e ssesresseseeses Presence of a gypsic horizon.
[ [= 11 I Gr. hemi, half ..o Intermediate stage of decomposition.
[ [T Gr. hiStOS, tISSUE ... Presence of organic materials.
HUM e L. humus, €arth ........ccccoovvieve i Presence of organic matter.
Orth .o Gr. OrthOS, TIUE ..o The common ones.

Per ..o L. per, throughout in time..........ccccvevvevievin v Perudic moisture regime.
Psamm .......cccoveunee Gr. PSAMMOS, SAN .....civeiiieiereereeee e Sandy texture.
Rend.....ccooevvviennnne Modified from Rendzina........cccccocvveevvvievevescene s High carbonate content.

Sal o L. base of sal, SAlt ..o Presence of a salic horizon.
5 o] (O (CTANC=To g0 1S NN (011 (= o IR Most decomposed stage.

Lo L. torridus, hot and dry .......ccccevvevievieniene e Torric moisture regime.

TUrb e, L. turbidus, disturbed .........ccocviviviriininn e Presence of cryoturbation.

L0]o [ L. udus, humid........cceoeeiriireresere e Udic moisture regime.

U5 L. USEUS, BUMNL ... Ustic moisture regime.

LY/ { G L. VItrum, glasS ....cceoeeeeererese e Presence of glass.

) (- G (T (0 ST o | Y Xeric moisture regime.

Meaningsin the Names

The Jocity and Youngston series shown in the table
“Example of Names of Taxa” are two members of the fine-
loamy, mixed, superactive, calcareous, mesic family of Typic
Torrifluvents. The meaning of each of these terms is defined as
follows:

Fine-loamy means that from a depth of 25 to 100 cm there
is no marked contrast in particle-size class, the content of clay
is between 18 and 35 percent, 15 percent or more of the
material is coarser than 0.1 mm in diameter (fine sand to very
coarse sand plus gravel), but less than 35 percent of the
material, by volume, is rock fragments 2.0 mm or more in
diameter (less than about 50 percent by weight). The average
texture, then, islikely to be loam, clay loam, or sandy clay
loam.

Mixed indicates a mixed mineralogy, that is, there is less
than 40 percent any one mineral other than quartz in the
fraction between 0.02 and 2.0 mm in diameter, less than 20

percent (by weight) glauconitic pellets in the fine-earth
fraction, atotal of 5 percent or lessiron plus gibbsite (by
weight) in the fine-earth fraction, and a fine-earth fraction that
has at least one of the following: free carbonates, pH of a
suspension of 1 g soil in 50 ml 1 M NaF of 8.4 or less after 2
minutes, or aratio of 1500 kPa water to measured clay of 0.6
or less.

Superactive means that the cation-exchange capacity
divided by the percent clay is 0.60 or more.

Calcareous means that the soils have free carbonates in all
parts from a depth of 25 to 50 cm and that, in this setting, they
probably are calcareous throughout.

Mesic indicates a mesic temperature regime, that is, the
mean annual soil temperature is between 8 and 15 °C (47 and
59 °F) and the soil temperature fluctuates more than 8 °C
between summer and winter. In other words, the soils are
somewhere in the midlatitudes, summer is warm or hot, and
winter is cool or cold.

No term for soil depth isincluded in the family name of
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Formative Elementsin Names of Great Groups

Formative element Derivation Connotation
ACK e, Modified from Gr. arkos, at theend ........cccoecvvvvvveennene Extreme weathering.
Al e Modified from auminum ..........cccceevvievievernrececeeeee, High auminum, low iron.
AlD e L. albus, White ......ccooeiriiirire e Presence of an albic horizon.
Anhy ..o, Gr. anydros, Waterl€SS .....cvevvvveeeiceee e Very dry.
ANthr .o Modified from Gr. anthropos, human.........cc.ccccceevvenee. An anthropic epipedon.
AQU oo, (= To 0 TV = Aquic conditions.
PN (| I Modified from argillic horizon; L. argilla, white clay ... Presence of an argillic horizon.
Cdlci, cac ... L. calCis, lIME ..t A calcic horizon.
(©F A (T V(o TN T VAo o o Cald.
DU e L. durus, hard .......cccoeeeeeeeereeesesese e A duripan.
Dystr, dyS....ccccveenene Modified from Gr. dys, ill; dystrophic, infertile ............. Low base saturation.
[ S50 (o J Gr. endon, endo, Within......cccceveeineencercse e Implying a ground water table.
o [ Gr. €pi, 0N, BD0OVE .....c.ocvvciveceeeeee e Implying a perched water table.
| STU){ G Modified from Gr. eu, good; eutrophic, fertile ............... High base saturation.
Ferr e, L. fErrum, irON ..o Presence of iron.
(=] o] S L. fibra, fiDer ...cccveeeeee e L east decomposed stage.
FIUV e L. fIUVIUS, FIVEN oo Flood plain.
FOl i L. foOli@, 1€8f ..oeoveeeeiieeiee e Mass of leaves.
Fragi coooocevevenceeennnne Modified from L. fragilis, brittle .......cccoovevervierereee Presence of afragipan.
Fragloss .....ccccvvenene Compound of fra(g) and gloSS.......ccccvveveveieeienieveniennieens See the formative elements “frag” and “gloss.”
FUIV e L. fulvus, dull brownish yellow ..........cccceevevvivvcecenennenn, Dark brown color, presence of organic carbon.
(€1 o L. glacialis, ICY .evvevvereeeeeeeeeeeeee e Ice lenses or wedges.
(€3] o/ T [0V 1S U g 01V 0 S0 o Presence of a gypsic horizon.
GlOSS .. Gr. gloSSa, tONQUE....c..ceereeeeeeeeeereeeseese e e re e seens Presence of a glossic horizon.
Hal e Gr. hals, Salt.......ccooeei Salty.
Hapl oo Gr. haplous, SIMPIE ....cocvveceiecer e Minimum horizon development.
Hem o Gr. hemi, half ..o Intermediate stage of decomposition.
[ [T Gr. iStOS, tISSUE .....ocveveecieiecie e Presence of organic materials.
HUM e L. humus, €arth .........ccccevvvvreneiesceereeee e Presence of organic matter.
[ )Y/0 | G LT 1Yo (o QT (= SO Presence of water.
Kand, kan .......c........ Modified from kandite.........ccccceveveiererercereeeeeee, 1:1 layer silicate clays.
LUV i Gr. [0UO, O WESH ... luvial.
Melan......ccocevvrennne Gr. melasanos, black ........ccccceveveirieececrc Black, presence of organic carbon.
1Ko | R L. MOILIS, SOft e Presence of a mollic epipedon.
[N\F |1 G Modified from natrium, Sodium .........c.ccccvevrenrieneiennens Presence of a natric horizon.
Pae ..., [ o= 11= oS o S Excessive development.
Petr ... Gr. comb. form of petra, rock .......cccceevvevvvriererecrieeenen A cemented horizon.
Plac .o Gr. base of plax, flat Stone.......ccceveeeeeevcivcvrcec e Presence of athin pan.
(= F='o T I Modified from Ger. plaggen, sod ........c.ccocvevvivrievereeneene Presence of a plaggen epipedon.
Plinth ..o Gr. plinthos, BricK ......cccovirerereeereeece e Presence of plinthite.
Psamm .....ccccoocvvenene Gr. PSAMMOS, SANA.......ccveiereeeeeeeeeeerese e seens Sandy texture.
Quartz ......ceeeveeeeenene GEY. QUAIZ, QUAIMZ ...eveeeeeeeseeeeeeeeeseese et see s High quartz content.
Rhod ......ccccovveviinnne Gr. base of rhodon, rOSE ........cccveirenerenrerre e Dark red color.
Sal o L. base of sal, SaAlt ... Presence of a salic horizon.
5 o] (O (CTANSTo oIS NN (011 (= o [ Most decomposed stage.
SOMD .. F. sombre, dark ..o Presence of a sombric horizon.
Sphagn......cccccveeeeee Gr. phagnos, bog ......cccvvvvvrirerereeereee e Presence of sphagnum.
SUlf e, L. SUlfUr, SUIFUF .o Presence of sulfides or their oxidation products.

o] G L. torridus, hot and dry .......ccccevvvevievieninne e Torric moisture regime.
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Formative Elements in Names of Great Groups--Continued

Formative element Derivation Connotation
Ud e L. udus, humid........cceoeirirereeece e e Udic moisture regime.
umbr ..o, L. umbra, shade ......ccoceoveieeececceceeecr e Presence of an umbric epipedon.
U5 L. USEUS, BUMNL ... Ustic moisture regime.
VEM e L. base of vermes, Worms .........cccceeeeevereeseeseseseeeeenenns Wormy or mixed by animals.
LY/ { G L. VItrum, glasS ....cceoeeeeererese e Presence of glass.
) (- G (T (0 ST o | Y Xeric moisture regime.

these Typic Torrifluvents, indicating that the soils are 50 cm or
more deep.

The meaning of Typic varies with the great group. Torri
indicates a torric (dry) moisture regime. Fluv indicates that the
sediments are probably alluvial rather than eolian because fresh
eolian sediments may be sandy, silty, or clayey but are rarely
fine-loamy. Ent, the final syllable, indicates that the soils are
Entisols. As such, they have no fragipan, duripan, permafrost,
or cambic, argillic, calcic, petrocalcic, gypsic, oxic,
petrogypsic, placic, salic, or spodic horizon within 100 cm of
the mineral soil surface; have no sulfuric horizon within 150
cm of the mineral soil surface; and have no histic, mollic,
plaggen, or umbric epipedon.

The terms describing these Typic Torrifluvents allow us to
visualize soils on flood plains or aluvia fansin an arid,
temperate climate. Although the soils may be a bit salty, they
cannot be extremely salty. They probably have stratification but
have no severe limitation for irrigation. Under irrigation, iron
chlorosis may be a problem in sensitive plants. Unless
irrigated, the soils can be used only for limited grazing.

Forming Names

Names of Orders, Suborders, and Great Groups

The names of the orders, suborders, and great groups that
are currently recognized are shown in the table “Names of
Orders, Suborders, Great Groups, and Subgroups.” The
formative elements used in these names are shown in the tables
“Formative Elements in Names of Soil Orders,” “Formative
Elements in Names of Suborders,” and “Formative Elementsin
Names of Great Groups.”

Names of Subgroups

The name of a subgroup consists of the name of a great
group modified by one or more adjectives. As was explained
earlier, the adjective Typic is used for the subgroup that is
thought to typify the central concept of the great group or for

soils that fail to meet the criteria of the other subgroups defined
for agreat group.

Intergrade subgroups that have, in addition to the properties
of their great group, some properties of another taxon carry the
name of the other taxon in the form of an adjective. The names
of orders, suborders, or great groups or any of the prior (first)
formative elements of those names may be used in the form of
an adjective in subgroup names. A few soils may have aberrant
properties of two great groups that belong in different orders or
suborders. For these, it is necessary to use two names of taxa as
adjectives in the subgroup name.

The names of extragrade subgroups include one or more
special descriptive adjectives that modify the name of the great
group and connote the nature of aberrant properties.

Names of Intergrades Toward Other Great Groupsin the
Same Suborder

If the aberrant property of a soil isone that is characteristic
of another great group in the same suborder, only the
distinctive formative element of the great group nameis used
to indicate the aberrant property. Thus, a Typic Argidurid is
defined in part as having an indurated or very strongly
cemented duripan. If the only aberrant feature of an Argidic
Argidurid is that the duripan is strongly cemented or less
cemented throughout, the soil is considered to intergrade
toward Argids. The name, however, is Argidic Argidurids, not
Haplargidic Argidurids. Only the prior (first) formative
element is used in adjectival form if the two great groups arein
the same suborder.

Names of I ntergrades Toward a Great Group in the Same
Order but in a Different Suborder

Two kinds of names have been chosen to indicate
intergrades toward a great group in the same order but in a
different suborder. If the only aberrant features are color and
moisture regime and hue is too yellow or chroma is too high or
too low for the Typic subgroup, the adjectives Aeric and Aquic
are used.

If an Epiaguult has chroma too high for the Typic subgroup
but has no other aberrant feature, it is assigned to an Aeric
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Names of Orders, Suborders, Great Groups, and Subgroups

Soil Taxonomy

Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Alfisols ........ Aqualfs........ Cryaqudfs........ Typic. Arenic,
Plinthaqualfs .... Typic. Grossarenic,
Duragualfs........ Typic. Aeric Umbric,
Natraqualfs....... Vertic, Udoallic,
Vermic, Aeric,
Albic Glossic, Mollic,
Albic, Umbiric,
Glossic, Typic.
Mollic, Endoagualfs...... Aquandic,
Typic. Chromic Vertic,
Fragiagualfs ..... Vermic, Vertic,
Aeric, Aeric Fragic,
Plinthic, Fragic,
Humic, Arenic,
Typic. Grossarenic,
Kandiaqualfs..... Arenic, Udoallic,
Grossarenic, Aeric Umbric,
Plinthic, Aeric,
Aeric Umbric, Mollic,
Aeric, Umbiric,
Umbric, Typic.
Typic. Crydfs....... Palecrydlfs....... Andic,
Vermagualfs ..... Natric, Vitrandic,
Typic. Aquic,
Albagualfs........ Arenic, Oxyaquic,
Aeric Vertic, Xeric,
Chromic Vertic, Ustic,
Vertic, Mollic,
Udoallic, Umbiric,
Aeric, Typic.
Aquandic, Glossocryalfs.... Lithic,
Mollic, Vertic,
Umbiric, Andic,
Typic. Vitrandic,
Glossaqualfs..... Histic, Aquic,
Arenic, Oxyaquic,
Aeric Fragic, Fragic,
Fragic, Xerallic,
Aeric, Umbric Xeric,
Mollic, Ustallic,
Typic. Xeric,
Epiagualfs ........ Aeric Chromic Ustic,
Vertic, Mollic,
Aeric Vertic, Umbiric,
Chromic Vertic, Eutric,
Vertic, Typic.
Aquandic, Haplocryalfs ..... Lithic,
Aeric Fragic, Vertic,
Fragic, Andic,
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Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Vitrandic, Oxyaquic Vertic,
Aquic, Udertic,
Oxyaquic, Vertic,
Lamellic, Aquic Arenic,
Psammentic, Aquic,
Inceptic, Oxyaquic,
Xerallic, Lamellic,
Umbric Xeric, Psammentic,
Ustallic, Arenic Aridic,
Xeric, Grossarenic,
Ustic, Arenic,
Mollic, Plinthic,
Umbric, Petrocalcic,
Eutric, Calcidic,
Typic. Aridic,
Udtalfs...... Durustdfs........... Typic. Kandic,
Plinthustalfs ...... Typic. Rhodic,
Natrustafs......... Salidic, Ultic,
Leptic Torrertic, Udic,
Torrertic, Typic.
Aquertic, Rhodustalfs...... Lithic,
Aridic Leptic, Kanhaplic,
Vertic, Udic,
Aquic Arenic, Typic.
Aquic, Haplustalfs ...... Lithic,
Arenic, Aquertic,
Petrocalcic, Oxyaquic Vertic,
Leptic, Torrertic,
Haplargdic, Udertic,
Aridic, Vertic,
Mollic, Aquic Arenic,
Typic. Aquultic,
Kandiustafs ...... Grossarenic, Aquic,
Aquic Arenic, Oxyaquic,
Plinthic, Vitrandic,
Aquic, Lamellic,
Arenic Aridic, Psammentic,
Arenic, Arenic Aridic,
Aridic, Arenic,
Udic, Calcidic,
Rhodic, Aridic,
Typic. Kanhaplic,
Kanhaplustalfs .. Lithic, Inceptic,
Aquic, Calcic Udic,
Aridic, Ultic,
Udic, Cdlcic,
Rhodic, Udic,
Typic. Typic.
Paleustafs.......... Aquertic, Xerdfs ...... Durixeralfs ....... Natric,



132

Soil Taxonomy

Names of Orders, Suborders, Great Groups, and Subgroups--Continued

Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Durixeralfs Fragiaquic,
(continued) ..... Vertic, Aquultic,

Aquic, Aquic,
Abruptic Haplic, Natric,
Abruptic, Fragic,
Haplic, Lamellic,
Typic. Psammentic,
Natrixerafs ...... Vertic, Plinthic,
Aquic, Cdlcic,
Typic. Inceptic,
Fragixeralfs...... Andic, Ultic,
Vitrandic, Mollic,
Mollic, Typic.
Aquic, uddfs.......... Natrudafs......... Vertic,
Inceptic, Glossaquic,
Typic. Aquic,
Plinthoxeralfs... Typic. Typic.
Rhodoxeralfs .... Lithic, Ferrudafs......... Aquic,
Vertic, Typic.
Petrocalcic, Fraglossudalfs .. Andic,
Cdlcic, Vitrandic,
Inceptic, Aquic,
Typic. Oxyaquic,
Palexerdfs........ Vertic, Typic.
Aquandic, Fragiudalfs........ Andic,
Andic, Vitrandic,
Vitrandic, Aquic,
Fragiaquic, Oxyaquic,
Aquic, Typic.
Petrocalcic, Kandiudafs...... Plinthaquic,
Lamellic, Aquic,
Psammentic, Oxyaquic,
Arenic, Arenic Plinthic,
Natric, Grossarenic
Fragic, Plinthic,
Cdlcic, Arenic,
Plinthic, Grossarenic,
Ultic, Plinthic,
Haplic, Rhodic,
Mollic, Mollic,
Typic. Typic.
Haploxeralfs..... Lithic Mallic, Kanhapludalfs.. Lithic,
Lithic Ruptic- Aquic,
Inceptic, Oxyaquic,
Lithic, Rhodic,
Vertic, Typic.
Aquandic, Paleuddfs......... Vertic,
Andic, Andic,
Vitrandic, Vitrandic,



Nomenclature 133
Names of Orders, Suborders, Great Groups, and Subgroups--Continued
Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup

Fragiaquic, Aquultic,

Plinthaquic, Aquoallic,

Glossaquic, Aquic,

Albaquic, Anthraquic,

Aquic, Oxyaquic,

Anthraquic, Fragic,

Oxyaquic, Lamellic,

Fragic, Psammentic,

Arenic Plinthic, Arenic,

Grossarenic Glossic,

Plinthic, Inceptic,

Lamellic, Ultic,

Psammentic, Mollic,

Arenic, Typic.

Grossarenic, Andisols....... Aquands......Cryaquands ...... Lithic,

Plinthic, Histic,

Glossic, Thaptic,

Rhodic, Typic.

Mollic, Placaguands ..... Lithic,

Typic. Duric Histic,
Rhodudalfs....... Typic. Duric,
Glossudalfs...... Aquertic, Histic,

Oxyaquic Vertic, Thaptic,

Vertic, Typic.

Aquandic, Duraguands ...... Histic,

Andic, Acraguoxic,

Vitrandic, Thaptic,

Fragiaquic, Typic.

Aquic, Vitraguands...... Lithic,

Oxyaguic, Duric,

Fragic, Histic,

Arenic, Thaptic,

Haplic, Typic.

Typic. Melanaguands.. Lithic,
Hapludalfs....... Lithic, Acraguoxic,

Aquertic Hydric Pachic,

Chromic, Hydric,

Aquertic, Pachic,

Oxyaquic Vertic, Thaptic,

Chromic Vertic, Typic.

Vertic, Epiaquands....... Duric,

Andic, Histic,

Vitrandic, Alic,

Fragiaquic, Hydric,

Fragic Oxyaquic, Thaptic,

Aquic Arenic, Typic.

Albaquultic, Endoaguands.... Lithic,

Albaquic, Duric,

Glossaquic, Histic,
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Soil Taxonomy

Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Endoaguands Xerands..... Vitrixerands....... Lithic,
(continued) ..... Alic, Aquic,
Hydric, Thaptic,
Thaptic, Alfic Humic,
Typic. Ultic,
Cryands....... Duricryands...... Aquic, Alfic,
Typic. Humic,
Hydrocryands .... Lithic, Typic.
Placic, Melanoxerands .. Pachic,
Aquic, Typic.
Thaptic, Haploxerands..... Lithic,
Typic. Aquic,
Melanocryands .. Lithic, Thaptic,
Vitric, Cdlcic,
Typic. Ultic,
Fulvicryands...... Lithic, Alfic Humic,
Pachic, Alfic,
Vitric, Humic,
Typic. Typic.
Vitricryands....... Lithic, Vitrands .... Ustivitrands....... Lithic,
Aquic, Aquic,
Oxyaquic, Thaptic,
Thaptic, Cdlcic,
Humic Xeric, Humic,
Xeric, Typic.
Ultic, Udivitrands........ Lithic,
Alfic, Aquic,
Humic, Thaptic,
Typic. Ultic,
Haplocryands..... Lithic, Alfic,
Alic, Humic,
Aquic, Typic.
Acrudoxic, Ustands ..... Durustands ........ Aquic,
Vitric, Thaptic,
Thaptic, Humic,
Xeric, Typic.
Typic. Haplustands....... Lithic,
Torrands.... Duritorrands...... Petrocalcic, Aquic,
Vitric, Dystric Vitric,
Typic. Vitric,
Vitritorrands...... Lithic, Pachic,
Duric, Thaptic,
Aquic, Cdlcic,
Cdlcic, Dystric,
Typic. Oxic,
Haplotorrands.... Lithic, Ultic,
Duric, Alfic,
Cadlcic, Humic,
Typic. Typic.
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Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Udands...... Pacudands ........ Lithic, Duric,
Aquic, Alic,
Acrudoxic, Aquic,
Hydric, Acrudoxic
Typic. Hydric,
Durudands........ Aquic, Acrudoxic
Acrudoxic, Thaptic,
Hydric, Acrudoxic Ultic,
Pachic, Acrudoxic,
Typic. Vitric,
Melanudands.... Lithic, Hydric Thaptic,
Anthraquic, Hydric,
Aquic, Eutric Thaptic,
Acrudoxic Vitric, Thaptic,
Acrudoxic Eutric,
Hydric, Oxic,
Acrudoxic, Ultic,
Pachic Vitric, Alfic,
Vitric, Typic.
Hydric Pachic, Aridisols Cryids........ Sdicryids.......... Aquic,
Pachic, Typic.
Hydric, Petrocryids........ Xereptic,
Thaptic, Duric Xeric,
Ultic, Duric,
Eutric, Petrogypsic,
Typic. Xeric,
Hydrudands....... Lithic, Ustic,
Aquic, Typic.
Acrudoxic Gypsicryids....... Cdlcic,
Thaptic, Vitrixerandic,
Acrudoxic, Vitrandic,
Thaptic, Typic.
Eutric, Argicryids......... Lithic,
Ultic, Vertic,
Typic. Natric,
Fulvudands....... Eutric Lithic, Vitrixerandic,
Lithic, Vitrandic,
Aquic, Xeric,
Hydric, Ustic,
Acrudoxic, Typic.
Ultic, Calcicryids ....... Lithic,
Eutric Pachic, Vitrixerandic,
Eutric, Vitrandic,
Pachic, Xeric,
Thaptic, Ustic,
Typic. Typic.
Hapludands ...... Lithic, Haplocryids ...... Lithic,
Anthraquic, Vertic,
Aquic Duiric, Vitrixerandic,
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Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Haplocryids Typic.
(continued) ..... Vitrandic, Natrigypsids ..... Lithic,
Xeric, Vertic,
Ustic, Petronodic,
Typic. Vitrixerandic,
SHids .......... Aquisdlids ........ Gypsic, Vitrandic,
Cdlcic, Xeric,
Typic. Ustic,
Haplosalids....... Duric, Typic.
Petrogypsic, Argigypsids....... Lithic,
Gypsic, Vertic,
Cdlcic, Cdlcic,
Typic. Petronaodic,
Durids.......... Natridurids........ Vertic, Vitrixerandic,
Aquic Vitrandic,
Natrargidic, Xeric,
Aquic, Ustic,
Natrixeralfic, Typic.
Natrargidic, Calcigypsids..... Lithic,
Vitrixerandic, Petronodic,
Vitrandic, Vitrixerandic,
Xeric, Vitrandic,
Typic. Xeric,
Argidurids......... Vertic, Ustic,
Aquic, Typic.
Abruptic Xeric, Haplogypsids.... Lithic,
Abruptic, Leptic,
Haploxeralfic, Sodic,
Argidic, Petronaodic,
Vitrixerandic, Vitrixerandic,
Vitrandic, Vitrandic,
Xeric, Xeric,
Ustic, Ustic,
Typic. Typic.
Haplodurids...... Aquicambidic, Argids ......... Petroargids ....... Petrogypsic Ustic,
Aquic, Petrogypsic,
Xereptic, Duric Xeric,
Cambidic, Duric,
Vitrixerandic, Natric,
Vitrandic, Xeric,
Xeric, Ustic,
Ustic, Typic.
Typic. Natrargids ........ Lithic Xeric,
Gypsids ....... Petrogypsids ..... Petrocalcic, Lithic Ustic,
Cadlcic, Lithic,
Vitrixerandic, Vertic,
Vitrandic, Aquic,
Xeric, Durinodic Xeric,
Ustic, Durinodic,
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Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Petronaodic, Haplargids......... Lithic Ruptic-
Glossic Ustic, Entic,

Haplic Ustic, Lithic Xeric,

Haploxeralfic, Lithic Ustic,

Haplic, Lithic,

Vitrixerandic, Xerertic,

Vitrandic, Ustertic,

Xeric, Vertic,

Ustic, Aquic,

Glossic, Arenic Ustic,

Typic. Arenic,
Paeargids......... Vertic, Durinodic Xeric,

Aquic, Durinodic,

Arenic Ustic, Petronodic Ustic,

Arenic, Petronaodic,

Cdlcic, Vitrixerandic,

Durinodic Xeric, Vitrandic,

Durinodic, Xeric,

Petronodic Ustic, Ustic,

Petronaodic, Typic.

Vitrixerandic, Calcids......... Petrocalcids...... Aquic,

Vitrandic, Natric,

Xeric, Xerdfic,

Ustic, Ustdlfic,

Typic. Argic,
Gypsiargids ...... Aquic, Calcic Lithic,

Durinodic, Cdlcic,

Vitrixerandic, Xeric,

Vitrandic, Ustic,

Xeric, Typic.

Ustic, Haplocalcids..... Lithic Xeric,

Typic. Lithic Ustic,
Calciargids........ Lithic, Lithic,

Xerertic, Vertic,

Ustertic, Aquic Durinodic,

Vertic, Aquic,

Aquic, Duric Xeric,

Arenic Ustic, Duric,

Arenic, Durinodic Xeric,

Durinodic Xeric, Durinodic,

Durinodic, Petronodic Xeric,

Petronodic Xeric,
Petronodic Ustic,
Petronodic,
Vitrixerandic,
Vitrandic,

Xeric,

Ustic,

Typic.

Petronodic Ustic,
Petronodic,
Sodic Xeric,
Sodic Ustic,
Sodic,
Vitrixerandic,
Vitrandic,

Xeric,
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Haplocalcids Typic.
(continued) ..... Ustic, Cryaguents......... Aquandic,
Typic. Typic.
Cambids......Aquicambids .... Sodic, Psammaguents... Lithic,
Durinodic Xeric, Sodic,
Durinodic, Spodic,
Petronaodic, Humagqueptic,
Vitrixerandic, Mollic,
Vitrandic, Typic.
Fluventic, Fluvaguents ....... Sulfic,
Xeric, Vertic,
Ustic, Thapto-Histic,
Typic. Aquandic,
Petrocambids..... Sodic, Aeric,
Vitrixerandic, Humagqueptic,
Vitrandic, Mollic,
Xeric, Typic.
Ustic, Epiaquents......... Aeric,
Typic. Humagqueptic,
Anthracambids .. Typic. Mollic,
Haplocambids.... Lithic Xeric, Typic.
Lithic Ustic, Endoaguents..... Sulfic,
Lithic, Lithic,
Xerertic, Sodic,
Ustertic, Aeric,
Vertic, Humagqueptic,
Durinodic Xeric, Mollic,
Durinodic, Typic.
Petronodic Xeric, Arents ......... Ustarents .......... Haplic.
Petronodic Ustic, Xerarents.......... Sodic,
Petronodic, Duric,
Sodic Xeric, Alfic,
Sodic Ustic, Haplic
Sodic, Torriarents........ Sodic,
Vitrixerandic, Duric,
Vitrandic, Haplic.
Xerofluventic, Udarents............ Alfic,
Ustifluventic, Ultic,
Fluventic, Mollic,
Xeric, Haplic.
Ustic, Psamments..Cryo-
Typic. psamments ..... Lithic,
Entisols..... Aquents..... Sulfaguents...... Haplic, Aquic,
Histic, Oxyaquic,
Thapto-Histic, Vitrandic,
Typic. Spodic,
Hydraguents ..... Sulfic, Lamellic,
Sodic, Typic.

Thaptic-Histic,
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Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Torri- Vitrandic,
psamments ..... Lithic, Aquic,
Vitrandic, Oxyaquic,
Haploduridic, Mollic,
Ustic, Typic.
Xeric, Xerofluvents..... Vertic,
Rhodic, Aquandic,
Typic. Andic,
Quartzi- Vitrandic,
psamments ..... Lithic, Aquic,
Aquodic, Oxyaquic,
Aquic, Durinodic,
Oxyaquic, Mollic,
Ustoxic, Typic.
Udoxic, Udtifluvents ...... Aquertic,
Plinthic, Torrertic,
Lamellic Ustic, Vertic,
Lamellic, Anthraquic,
Ustic, Aquic,
Xeric, Oxyaquic,
Spodic, Aridic,
Typic. Udic,
Usti- Mollic,
psamments ..... Lithic, Typic.
Aquic, Torrifluvents..... Ustertic,
Oxyaquic, Vertic,
Aridic, Vitrixerandic,
Lamellic, Vitrandic,
Rhodic, Aquic,
Typic. Oxyaquic,
Xero- Duric Xeric,
psamments ..... Lithic, Duric,
Aquic Durinodic, Ustic,
Aquic, Xeric,
Oxyaquic, Anthropic,
Vitrandic, Typic.
Durinodic, Udifluvents...... Aquertic,
Lamellic, Vertic,
Dystric, Andic,
Typic. Vitrandic,
Udi- Aquic,
psamments ..... Lithic, Oxyaquic,
Aquic, Mollic,
Oxyaquic, Typic.
Spodic, Orthents.......Cryorthents ----- Lithic,
Lamellic, Vitrandic,
Plagganthreptic, Aquic,
Typic. Oxyaquic,
Fluvents ...... Cryofluvents..... Andic, Lamellic,



140 Soil Taxonomy
Names of Orders, Quborders, Great Groups, and Subgroups--Continued
Order Suborder | Great Group Subgroup Order Suborder Great Group Subgroup
Cryorthents Terric,
(continued) ..... Typic. Fluvaguentic,
Torriorthents .... Lithic Ustic, Sphagnic,
Lithic Xeric, Typic.
Lithic, Hemigtels........... Lithic,
Xerertic, Terric,
Ustertic, Fluvaguentic,
Vertic, Typic.
Vitrandic, Sapristels........... Lithic,
Aquic, Terric,
Oxyaquic, Fluvaguentic,
Duric, Typic.
Ustic, Turbels....... Histoturbels ....... Lithic,
Xeric, Glacic,
Typic. Ruptic,
Xerorthents ...... Lithic, Typic.
Vitrandic, Aquiturbels........ Lithic,
Aquic, Glacic,
Oxyaquic, Sulfuric,
Durinodic, Ruptic-Histic,
Dystric, Psammentic,
Typic. Typic.
Ustorthents....... Aridic Lithic, Anhyturbels....... Lithic,
Lithic, Glacic,
Torrertic, Petrogypsic,
Vertic, Gypsic,
Anthraquic, Nitric,
Aquic, Sdlic,
Oxyaquic, Calcic,
Durinodic, Typic.
Vitritorrandic, Molliturbels....... Lithic,
Vitrandic, Glacic,
Aridic, Vertic,
Udic, Andic,
Vermic, Vitrandic,
Typic. Cumulic,
Udorthents........ Lithic, Aquic,
Vitrandic, Typic.
Aquic, Umbriturbels ..... Lithic,
Oxyaquic, Glacic,
Vermic, Vertic,
Typic. Andic,
Gelisols........ Histels ......... Folistels............. Lithic, Vitrandic,
Glacic, Cumulic,
Typic. Aquic,
Glacistels.......... Hemic, Typic.
Sapric, Psammoturbels.. Lithic,
Typic. Glacic,
Fibristels........... Lithic, Spodic,
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Typic. Typic.
Haploturbels..... Lithic, Haplorthels....... Lithic,

Glacic, Glacic,

Aquic, Aquic,

Typic. Typic.

Orthels ........ Historthels........ Lithic, Histosols ...... Folists.......... Cryofolists......... Lithic,

Glacic, Typic.

Ruptic, Torrifolists........ Lithic,

Typic. Typic.
Aquorthels........ Lithic, Udtifalists ......... Lithic,

Glacic, Typic.

Sulfuric, Udifalists........... Lithic,

Ruptic-Histic, Typic.

Andic, Fibrists ........ Cryofibrigts....... Hydric,

Vitrandic, Lithic,

Salic, Terric,

Psammentic, Fluvaguentic,

Typic. Sphagnic,
Anhyorthels...... Lithic, Typic.

Glacic, Sphagno-

Petrogypsic, fibrists............. Hydric,

Gypsic, Lithic,

Nitric, Limnic,

Salic, Terric,

Cdlcic, Fluvaguentic,

Typic. Hemic,
Mollorthels....... Lithic, Typic.

Glacic, Haplofibrists..... Hydric,

Vertic, Lithic,

Andic, Limnic,

Vitrandic, Terric,

Cumulic, Fluvaguentic,

Aquic, Hemic,

Typic. Typic.
Umbrorthels ..... Lithic, Saprists ....... Sulfosaprists...... Typic.

Glacic, Sulfisaprists...... Terric,

Vertic, Typic.

Andic, Cryosaprists...... Lithic,

Vitrandic, Terric,

Cumulic, Fluvaguentic,

Aquic, Typic.

Typic. Haplosaprists.... Lithic,
Argiorthels....... Lithic, Limnic,

Glacic, Halic Terric,

Natric, Halic,

Typic. Terric,
Psammorthels... Lithic, Fluvaguentic,

Glacic, Hemic,

Spodic, Typic.
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Hemists ....... Sulfohemists..... Typic. Fluvaguentic,
Sulfihemists...... Terric, Aeric,
Typic. Typic.
Luvihemists...... Typic. Epiaguepts........ Vertic,
Cryohemists ..... Hydric, Aquandic,
Lithic, Fluvaguentic,
Terric, Fragic,
Fluvaguentic, Aeric,
Typic. Humic,
Haplohemists.... Hydric, Mollic,
Lithic, Typic.
Limnic, Endoaguepts..... Sulfic,
Terric, Lithic,
Fluvaguentic, Vertic,
Fibric, Aquandic,
Sapric, Fluvaguentic,
Typic. Fragic,
Inceptisols.... Aquepts....... Sulfaquepts....... Sdlidic, Aeric,
Hydraquentic, Humic,
Typic. Mollic,
Petraquepts....... Histic Placic, Typic.
Placic, Anthrepts ... Plagg-
Plinthic, anthrepts......... Typic.
Typic. Haplanthrepts... Typic.
Halaquepts........ Vertic, Cryepts........ Eutrocryepts ..... Humic Lithic,
Aquandic, Lithic,
Duric, Andic,
Aeric, Vitrandic,
Typic. Aquic,
Fragiaguepts..... Aeric, Oxyaquic,
Humic, Lamellic,
Typic. Xeric,
Cryaquepts ....... Sulfic, Ustic,
Histic Lithic, Humic,
Lithic, Typic.
Vertic, Dystrocryepts.... Humic Lithic,
Histic, Lithic,
Aquandic, Andic,
Fluvaguentic, Vitrandic,
Aeric Humic, Aquic,
Aeric, Oxyaquic,
Humic, Lamellic,
Typic. Spodic,
Vermaguepts..... Sodic, Xeric,
Typic. Ustic,
Humaquepts ..... Hydraquentic, Humic,
Histic, Typic.
Aquandic, Ustepts ........ Durustepts ........ Typic.
Cumulic, Calciustepts...... Lithic Petrocalcic,



Nomenclature 143
Names of Orders, Quborders, Great Groups, and Subgroups--Continued
Order Suborder | Great Group Subgroup Order Suborder | Great Group Subgroup
Lithic, Sodic,
Torrertic, Vitrandic,
Vertic, Aquic,
Petrocalcic, Typic.
Gypsic, Fragixerepts ..... Andic,
Aquic, Vitrandic,
Aridic, Aquic,
Udic, Humic,
Typic. Typic.
Dystrustepts...... Lithic, Dystroxerepts ... Humic Lithic,
Andic, Lithic,
Vitrandic, Aquandic,
Aquic, Andic,
Fluventic, Vitrandic,
Oxic, Fragiaquic,
Humic, Fluvaguentic,
Typic. Aquic,
Haplustepts....... Aridic Lithic, Oxyaquic,
Lithic, Fragic,
Udertic, Fluventic Humic,
Torrertic, Fluventic,
Vertic, Humic,
Andic, Typic.
Vitrandic, Haploxerepts .... Humic Lithic,
Anthraquic, Lithic,
Aquic, Vertic,
Oxyaguic, Aquandic,
Oxic, Andic,
Lamellic, Vitrandic,
Torrifluventic, Gypsic,
Udifluventic, Aquic,
Fluventic, Lamellic,
Gypsic, Fragic,
Haplocalcidic, Fluventic,
Calcic Udic, Cdlcic,
Cdlcic, Humic,
Aridic, Typic.
Dystric, Udepts....... Sulfudepts........ Typic.
Udic, Durudepts........ Aquandic,
Typic. Andic,
Xerepts...... Durixerepts....... Aquandic, Vitrandic,
Andic, Aquic,
Vitrandic, Typic.
Aquic, Fragiudepts...... Andic,
Entic, Vitrandic,
Typic. Aquic,
Calcixerepts...... Lithic, Humic,
Vertic, Typic.
Petrocalcic, Eutrudepts........ Humic Lithic,
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Eutrudepts Vertic,
(continued) ..... Lithic, Argiaquic Xeric,
Aquertic, Argiaquic,
Vertic, Xeric,
Andic, Aquandic,
Vitrandic, Typic.
Anthraquic, Aquoalls...... Cryaqudlls......... Vertic,
Fragiaquic, Histic,
Fluvaguentic, Thapto-Histic,
Aquic Dystric, Aquandic,
Aquic, Argic,
Oxyaquic, Cdlcic,
Fragic, Cumulic,
Lamellic, Typic.
Dystric Fluventic, Duragualls........ Natric,
Fluventic, Vertic,
Arenic, Argic,
Dystric, Typic.
Rendallic, Natraqualls....... Vertic,
Humic, Typic.
Ruptic-Alfic, Calciagualls...... Petrocalcic,
Typic. Aeric,
Dystrudepts ...... Humic Lithic, Typic.
Lithic, Argiaqualls....... Arenic,
Vertic, Grossarenic,
Aquandic, Vertic,
Andic, Abruptic,
Vitrandic, Typic.
Fragiaquic, Epiaguolls ........ Cumulic Vertic,
Fluvaguentic, Fluvaguentic
Aquic Humic, Vertic,
Aquic, Vertic,
Oxyaguic, Histic,
Fragic, Thapto-Histic,
Lamellic, Aquandic,
Humic Duric,
Psammentic, Cumulic,
Fluventic Humic, Fluvaguentic,
Fluventic, Typic.
Spodic, Endoaguolls ..... Lithic,
Oxic, Cumulic Vertic,
Humic Pachic, Fluvaguentic
Humic, Vertic,
Ruptic-Alfic, Vertic,
Ruptic-Ultic, Histic,
Typic. Thapto-Histic,
Mollisols...... Alballs....... Natralbolls........ Leptic, Aquandic,
Typic. Duric,
Argiaballs........ Xerertic, Cumulic,
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Fluvaguentic, Cdlcic,
Typic. Ustic,
Rendolls......Cryrendalls....... Lithic, Xeric,
Typic. Typic.
Haprendalls...... Lithic, Xeralls ........ Durixeralls....... Vertic,
Vertic, Vitritorrandic,
Inceptic, Vitrandic,
Entic, Aquic,
Typic. Paleargidic,
Cryalls......... Duricryolls ....... Argic, Abruptic
Typic. Argiduridic,
Natricryalls ...... Typic. Cambidic,
Palecryralls....... Aquic, Haploduridic,
Oxyaquic, Argidic,
Abruptic, Argiduridic,
Pachic, Haplic
Ustic, Palexerallic,
Xeric, Palexerallic,
Typic. Haplic
Argicryalls........ Lithic, Haploxerallic,
Vertic, Haploxerallic,
Andic, Haplic,
Vitrandic, Typic.
Abruptic, Natrixerolls ..... Vertic,
Aquic, Aquic Duiric,
Oxyaguic, Aquic,
Pachic, Aridic,
Alfic, Duric,
Ustic, Typic.
Xeric, Palexeralls....... Vertic,
Typic. Vitrandic,
Célcicryalls....... Lithic, Aquic,
Petrocalcic, Pachic,
Pachic, Petrocalcidic,
Ustic, Duric,
Xeric, Aridic,
Typic. Petrocalcic,
Haplocryolls ..... Lithic, Ultic,
Vertic, Haplic,
Andic, Typic.
Vitrandic, Calcixeradlls..... Lithic,
Aquic Cumulic, Vertic,
Cumulic, Aquic,
Fluvaguentic, Oxyaquic,
Aquic, Pachic,
Oxyaquic, Vitrandic,
Calcic Pachic, Aridic,
Pachic, Vermic,
Fluventic, Typic.
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Argixerolls ...... Lithic Ultic, Entic Ultic,
Lithic, Ultic,
Torrertic, Entic,
Vertic, Typic.
Andic, Ustdlls......... Durustolls......... Natric,
Vitritorrandic, Haploduridic,
Vitrandic, Argiduridic,
Aquultic, Entic,
Aquic, Haplic,
Oxyaquic, Typic.
Alfic, Natrustolls........ Leptic Torrertic,
Calcic Pachic, Torrertic,
Pachic Ultic, Leptic Vertic,
Pachic, Glossic Vertic,
Argiduridic, Vertic,
Duric, Aridic Leptic,
Calciargidic, Leptic,
Aridic, Aquic,
Cdlcic, Aridic,
Ultic, Duric,
Typic. Glossic,

Haploxeralls..... Lithic Ultic, Typic.
Lithic, Calciustalls....... Salidic,
Torrertic, Lithic
Vertic, Petrocalcic,
Vitritorrandic, Lithic,
Vitrandic, Torrertic,
Aquic Cumulic, Udertic,
Cumulic Ultic, Vertic,
Cumulic, Petrocalcic,
Fluvaguentic, Gypsic,
Aquic Duiric, Pachic,
Aquultic, Aquic,
Aquic, Oxyaquic,
Oxyaguic, Aridic,
Calcic Pachic, Udic,
Pachic Ultic, Typic.
Pachic, Paleustalls ........ Torrertic,
Torrifluventic, Udertic,
Duridic, Vertic,
Cdlcidic, Pachic,
Torripsammentic, Aquic,
Torriorthentic, Petrocalcic,
Aridic, Cdlcidic,
Duric, Aridic,
Psammentic, Udic,
Fluventic, Cdlcic,
Vermic, Entic,
Cdlcic, Typic.
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Argiustalls........ Aridic Lithic, Entic,
Alfic Lithic, Typic.
Lithic, Uddlls........ Natrudolls......... Petrocalcic,
Torrertic, Leptic Vertic,
Udertic, Glossic Vertic,
Vertic, Vertic,
Andic, Leptic,
Vitritorrandic, Glossic,
Vitrandic, Cdlcic,
Pachic, Typic.
Aquic, Calciuddlls ....... Lithic,
Oxyaquic, Vertic,
Alfic, Aquic,
Calcidic, Fluventic,
Aridic, Typic.
Udic, Paleudoalls......... Vertic,
Duric, Petrocalcic,
Typic. Aquic,

Vermustalls ...... Lithic, Pachic,
Aquic, Oxyaquic,
Pachic, Cdlcic,
Entic, Typic.
Typic. Argiudolls ........ Lithic,

Haplustalls ....... Salidic, Aquertic,
Ruptic-Lithic, Oxyaquic Vertic,
Lithic, Pachic Vertic,
Torrertic, Alfic Vertic,
Pachic Udertic, Vertic,
Udertic, Andic,
Vertic, Vitrandic,
Torroxic, Aquic,
Oxic, Pachic,
Andic, Oxyaquic,
Vitritorrandic, Lamellic,
Vitrandic, Psammentic,
Aquic Cumulic, Arenic,
Cumulic, Abruptic,
Anthraquic, Alfic,
Fluvaguentic, Oxic,
Pachic, Cdlcic,
Aquic, Typic.
Oxyaguic, Vermudalls........ Lithic,
Torrifluventic, Haplic,
Torriorthentic, Typic.
Aridic, Hapludalls........ Lithic,
Fluventic, Aquertic,
Duric, Vertic,
Udorthentic, Andic,
Udic, Vitrandic,
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Hapludolls Humic Rhodic,
(continued) ..... Aquic Cumulic, Humic Xanthic,
Cumulic, Humic,
Fluvaguentic, Rhodic,
Aquic, Xanthic,
Pachic, Typic.
Oxyaquic, Eutrustox ......... Aquic Petroferric,
Fluventic, Petroferric,
Vermic, Aquic Lithic,
Cdlcic, Lithic,
Entic, Plinthaquic,
Typic. Plinthic,
Oxisols......... AQuox ....... Acraguox .......... Plinthic, Aquic,
Aeric, Kandiustalfic,
Typic. Humic Inceptic,
Plinthaquox ...... Aeric, Inceptic,
Typic. Humic Rhodic,
Eutraquox ......... Histic, Humic Xanthic,
Plinthic, Humic,
Aeric, Rhodic,
Humic, Xanthic,
Typic. Typic.
Haplaguox ........ Histic, Kandiustox ...... Aquic Petroferric,
Plinthic, Petroferric,
Aeric, Aquic Lithic,
Humic, Lithic,
Typic. Plinthaquic,
Torrox ....... Acrotorrox........ Petroferric, Plinthic,
Lithic, Aquic,
Typic. Humic Rhodic,
Eutrotorrox ....... Petroferric, Humic Xanthic,
Lithic, Humic,
Typic. Rhodic,
Haplotorrox ...... Petroferric, Xanthic,
Lithic, Typic.
Typic. Haplustox ........ Aquic Petroferric,
UStox ......... Sombriustox ..... Petroferric, Petroferric,
Lithic, Aquic Lithic,
Humic, Lithic,
Typic. Plinthaquic,
ACIUSLOX ........... Aquic Petroferric, Plinthic,
Petroferric, Aqueptic,
Aquic Lithic, Aquic,
Lithic, Oxyaquic,
Anionic Aquic, Inceptic,
Anionic, Humic Rhodic,
Plinthic, Humic Xanthic,
Aquic, Humic,
Eutric, Rhodic,
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Xanthic, Haploperox ...... Aquic Petroferric,
Typic. Petroferric,
Perox ........... Sombriperox ..... Petroferric, Aquic Lithic,
Lithic, Lithic,
Humic, Plinthaquic,
Typic. Plinthic,
ACroperox......... Aquic Petroferric, Aquic,
Petroferric, Andic,
Aquic Lithic, Humic Rhodic,
Lithic, Humic Xanthic,
Anionic, Humic,
Plinthic, Rhodic,
Aquic, Xanthic,
Humic Rhodic, Typic.
Humic Xanthic, Udox.......... Sombriudox ..... Petroferric,
Humic, Lithic,
Rhodic, Humic,
Xanthic, Typic.
Typic. Acrudox ........... Aquic Petroferric,
Eutroperox ........ Aquic Petroferric, Petroferric,
Petroferric, Aquic Lithic,
Aquic Lithic, Lithic,
Lithic, Anionic Aquic,
Plinthaquic, Anionic,
Plinthic, Plinthic,
Aquic, Aquic,
Kandiudalfic, Eutric,
Humic Inceptic, Humic Rhodic,
Inceptic, Humic Xanthic,
Humic Rhodic, Humic,
Humic Xanthic, Rhodic,
Humic, Xanthic,
Rhodic, Typic.
Xanthic, Eutrudox........... Aquic Petroferric,
Typic. Petroferric,
Kandiperox....... Aquic Petroferric, Aquic Lithic,
Petroferric, Lithic,
Aquic Lithic, Plinthaquic,
Lithic, Plinthic,
Plinthaquic, Aquic,
Plinthic, Kandiudalfic,
Aquic, Humic Inceptic,
Andic, Inceptic,
Humic Rhodic, Humic Rhodic,
Humic Xanthic, Humic Xanthic,
Humic, Humic,
Rhodic, Rhodic,
Xanthic, Xanthic,
Typic. Typic.
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Kandiudox........ Aquic Petroferric, Argic,
Petroferric, Typic.
Aquic Lithic, Placaquods ....... Andic,
Lithic, Typic.
Plinthaquic, Duraguods......... Histic,
Plinthic, Andic,
Aquic, Typic.
Andic, Epiaquods......... Lithic,
Humic Rhodic, Histic,
Humic Xanthic, Andic,
Humic, Alfic,
Rhodic, Ultic,
Xanthic, Umbric,
Typic. Typic.

Hapludox .......... Aquic Petroferric, Endoaguods...... Lithic,
Petroferric, Histic,
Aquic Lithic, Andic,
Lithic, Argic,
Plinthaquic, Umbric,
Plinthic, Typic.
Aquic, Cryods......... Pacocryods ...... Andic,
Inceptic, Humic,
Andic, Typic.
Humic Rhodic, Duricryods........ Aquandic,
Humic Xanthic, Andic,
Humic, Aquic,
Rhodic, Oxyaquic,
Xanthic, Humic,
Typic. Typic.

Spodosols..... Aquods........ Cryaquods ........ Lithic, Humicryods ...... Lithic,

Placic, Aquandic,
Duric, Andic,
Andic, Aquic,
Entic, Oxyaquic,
Typic. Typic.

Alaquods .......... Lithic, Haplocryads...... Lithic,
Duric, Aquandic,
Histic, Andic,
Alfic Arenic, Aquic,
Arenic Ultic, Oxyaquic,
Arenic Umbric, Entic,
Arenic, Typic.
Grossarenic, Humods....... Placohumods .... Andic,
Alfic, Typic.
Ultic, Durihumods ..... Andic,
Aeric, Typic.
Typic. Fragihumods .... Typic.

Fragiaquods...... Histic,
Plagganthreptic,

Haplohumods ... Lithic,
Andic,
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Plagganthreptic, Typic.
Typic. Kandiaquults .... Acraguoxic,
Orthods ....... Placorthods....... Typic. Arenic Plinthic,
Durorthods ....... Andic, Arenic Umbric,
Typic. Arenic,
Fragiorthods ..... Aquic, Grossarenic,
Alfic Oxyaquic, Plinthic,
Oxyaquic, Aeric,
Plagganthreptic, Umbric,
Alfic, Typic.
Ultic, Kanhapl-
Entic, aguults............ Aquandic,
Typic. Plinthic,
Alorthods.......... Oxyaquic, Aeric Umbric,
Arenic Ultic, Aeric,
Arenic, Umbric,
Entic Typic.
Grossarenic, Paleaquults....... Vertic,
Entic, Arenic Plinthic,
Grossarenic, Arenic Umbric,
Plagganthreptic, Arenic,
Alfic, Grossarenic,
Ultic, Plinthic,
Typic. Aeric,
Haplorthods...... Entic Lithic, Umbric,
Lithic, Typic.
Fragiaquic, Umbraguults..... Plinthic,
Aqualfic, Typic.
Aquentic, Epiaguults ........ Vertic,
Aquic, Aeric Fragic,
Alfic Oxyaquic, Arenic,
Oxyaquic Ultic, Grossarenic,
Fragic, Fragic,
Lamellic, Aeric,
Oxyaguic, Typic.
Andic, Endoaguults ..... Arenic,
Alfic, Grossarenic,
Ultic, Aeric,
Entic, Typic.
Typic. Humults ...... Sombri-
Ultisals......... Aquults ....... Plinthaquults .... Kandic, humults........... Typic.
Typic. Plintho-
Fragiaguults ..... Aeric, humults........... Typic.
Plinthic, Kandihumults... Andic
Umbric, Ombroaquic,
Typic. Ustandic,
Albaguults........ Vertic, Andic,
Kandic, Aquic,
Aeric, Ombroaquic,
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Kandihumults Grossarenic
(continued) ..... Plinthic, Plinthic,
Ustic, Grossarenic,
Xeric, Acrudoxic
Anthropic, Plinthic,
Typic. Acrudoxic,
Kanhaplo- Plinthaquic,
humults........... Lithic, Aquandic,
Ustandic, Andic,
Andic, Aquic,
Aquic, Plinthic,
Ombroaquic, Ombroaquic,
Ustic, Oxyaquic,
Xeric, Sombric,
Anthropic, Rhodic,
Typic. Typic.
Palehumults...... Aquandic, Kanhapludults.. Lithic,
Andic, Plinthaquic,
Aquic, Arenic Plinthic,
Plinthic, Arenic,
Oxyaquic, Acrudoxic,
Ustic, Fragiaquic,
Xeric, Andic,
Typic. Aquic,
Haplohumuilts... Lithic, Ombroaquic,
Aquandic, Oxyaguic,
Aquic, Plinthic,
Andic, Fragic,
Plinthic, Rhodic,
Oxyaquic, Typic.
Ustic, Paleudults.......... Vertic,
Xeric, Spodic,
Typic. Arenic
Udults.......... Plinthudults...... Typic. Plinthaquic,
Fragiudults....... Arenic, Aquic Arenic,
Plinthaquic, Plinthaquic,
Glossaquic, Fragiaquic,
Aquic, Aquic,
Plinthic, Anthraquic,
Glossic, Oxyaquic,
Humic, Lamellic,
Typic. Arenic Plinthic,
Kandiudults...... Arenic Psammentic,
Plinthaquic, Grossarenic
Aquic Arenic, Plinthic,
Arenic Plinthic, Plinthic,
Arenic Rhodic, Arenic Rhodic,
Arenic, Arenic,
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Grossarenic, Paleustults ....... Typic.
Fragic, Rhodustults ..... Lithic,
Rhodic, Psammentic,
Typic. Typic.
Rhodudults ....... Lithic, Haplustults ..... Lithic,
Psammentic, Petroferric,
Typic. Aquic,
Hapludults......... Lithic Ruptic- Arenic,
Entic, Ombroaquic,
Lithic, Plinthic,
Vertic, Kanhaplic,
Fragiaquic, Typic.
Aquic Arenic, Xerults ........ Palexerults....... Aquandic,
Aquic, Aquic,
Fragic, Andic,
Oxyaquic, Typic.
Lamellic, Haploxerults..... Lithic Ruptic-
Psammentic, Inceptic,
Arenic, Lithic,
Grossarenic, Aquic,
Inceptic, Andic,
Humic, Lamellic,
Typic. Psammentic,
Ustults......... Plinthustults ..... Haplic, Arenic,
Typic. Grossarenic,
Kandiustults...... Acrustoxic, Typic.
Aquic, Vertisols....... Aquerts........ Salaguerts........ Aridic,
Arenic Plinthic, Ustic,
Arenic, Leptic,
Udandic, Entic,
Andic, Chromic,
Plinthic, Typic.
Aridic, Duraguerts....... Aridic,
Udic, Xeric,
Rhodic, Ustic,
Typic. Aeric,
Kanhapl- Chromic,
ustults.............. Lithic, Typic.
Acrustoxic, Natraquerts...... Typic.
Aquic, Calciaguerts ..... Aeric,
Arenic, Typic.
Udandic, Dystraguerts ..... Sulfaqueptic,
Andic, Aridic,
Plinthic, Ustic,
Ombroaquic, Aeric,
Aridic, Leptic,
Udic, Entic,
Rhodic, Chromic,
Typic. Typic.
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Epiagquerts ........ Halic, Typic.
Sodic, Torrerts ... Sdlitorrerts........ Aquic,
Aridic, Leptic,
Xeric, Entic,
Ustic, Chromic,
Aeric, Typic.
Leptic, Gypsitorrerts ... Chromic,
Entic, Typic.
Chromic, Calcitorrerts ..... Petrocalcic,
Typic. Leptic,

Endoaguerts ..... Halic, Entic,
Sodic, Chromic,
Aridic, Typic.
Xeric, Haplotorrerts .... Halic,
Ustic, Sodic,
Aeric, Leptic,
Leptic, Entic,
Entic, Chromic,
Chromic, Typic.
Typic. Usterts.......... Dystrusterts ...... Lithic,

Cryerts ........ Humicryerts...... Sodic, Aquic,

Typic. Aridic,

Haplocryerts ..... Sodic, Udic,
Chromic, Leptic,
Typic. Entic,

Xererts ........ Durixererts....... Halic, Chromic,

Sodic, Typic.
Aquic, Sausterts......... Lithic,
Aridic, Sodic,
Udic, Aquic,
Haplic, Aridic,
Chromic, Leptic,
Typic. Entic,

Calcixererts...... Lithic, Chromic,
Petrocalcic, Typic.
Aridic, Gypsiugterts...... Lithic,
Leptic, Halic,
Entic, Sodic,
Chromic, Aridic,
Typic. Udic,

Haploxererts...... Lithic, Leptic,
Halic, Entic,
Sodic, Chromic,
Aridic, Typic.
Aquic, Calciusterts....... Lithic,
Udic, Halic,
Leptic, Sodic,
Entic, Petrocalcic,
Chromic,

Aridic,
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Names of Orders, Suborders, Great Groups,
and Subgroups--Continued

Order Suborder | Great Group Subgroup

Udic,
Leptic,
Entic,
Chromic,
Typic.
Haplusterts ....... Lithic,
Halic,
Sodic,
Petrocalcic,
Gypsic,
Cdlcic,
Aridic Leptic,
Aridic,
Leptic Udic,
Entic Udic,
Chromic Udic,
Udic,
Leptic,
Entic,
Chromic,
Typic.
Uderts.......... Dystruderts........ Aquic,
Oxyaquic,
Leptic,
Entic,
Chromic,
Typic.
Hapluderts........ Lithic,
Aquic,
Oxyaquic,
Leptic,
Entic,
Chromic,

Typic.

subgroup. Using an adjective taken from the suborder (“Udic”)
would not suggest that the difference is one of aeration alone.

If the only aberrant feature of aHapludult isredoximorphic
features that are too shallow for a Typic Hapludult, the
adjective Aquic is used in the subgroup name. If redox
depletions (accompanied by aquic conditions unless the soils
areartificially drained) appear within the upper 60 cm of the
argillic horizon, the soil is called an Aquic Hapludult, not an
Aquultic Hapludult.

In other instances, the adjective in the subgroup nameis
made from the first two formative elements of the appropriate
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great group namein that suborder. For example, if aPaleudult
has both shall ow redoximorphic features and some plinthite, it
iscalled aPlinthaquic Paleudult, not a Plinthaquultic

Paleudult. Note that the formative element for the order isnot
repeated in the adjective if the two great groups arein the same
order.

Namesof I ntergrades Toward Great Groupsin Other
Orders

If aHapludalf has a surface horizon that istoo dark for a
Typic subgroup and approaches the properties of the surface
horizons of Mollisols, the soil is considered to intergrade to
one of the great groups of Mallisols. If the only aberrant feature
is the nature of the surface horizon, the soil is called aMoallic
Hapludalf. This soil has the feature that is common to all
Mollisols, and only the prior formative element of the order
name is used. If, in addition, the soil has gray redox depletions
in the upper part of the argillic horizon, it is considered an
intergrade toward Aquolls and is called an Aquollic Hapludalf.
Note that this name is smpler than “Aquic Mollic Hapludalf.”
The general ruleis that the simplest possible name is used. If
there are several aberrant features, the adjectival forms of one
or more great group names may be required. An exception is
the adjective Argic when used in great groups of Aquods.
Rather than intergrading to one specific taxon, Argic
subgroups intergrade to orders that have argillic horizons,
specifically Alfisols and Ultisols.

Names of Subgroups not I ntergrading Toward Any Known
Kind of Soil (Extragrades)

Some soils have aberrant properties that are not
characteristic of aclassin a higher category of any order,
suborder, or great group. One example might be taken from the
concave pedons that are at the base of slopes, in depressions, or
in other areas where new soil material accumulates slowly on
the surface. In these soils material is added to the A horizon.
The presence of an overthickened A horizon is not used to
define any great group, but the soils lie outside the range of the
Typic subgroup and there is no class toward which they
intergrade. Hence, a descriptive adjective is required. For this
particular situation, the adjective Cumulic (L. cumulus, heap,
plusic, Gr. ikos) is used to form the subgroup names. Pachic is
used to indicate an overthickened epipedon if there is no
evidence of new material at the surface.

Other soils lie outside the range of Typic subgroupsin an
opposite direction. Such soils are, in effect, truncated by hard
rock and are shallow or are intermittent between rock outcrops.
They are, in effect, intergrades to nonsoil and are called Lithic
subgroups. The names of formative elements in groups of this
sort, which are called extragrades, are listed together with their
derivation in thetable “ Adjectivesin Names of Extragradesand

Their Meaning.”
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Adjectives in Names of Extragrades and Their Meaning

Adjective Derivation Connotation
Abruptic......cccceennne L. abruptus, torn off .........cceeeeeeeerr e Abrupt textural change.
AErict e GF. @EITOS, @IF .o Aeration.
AIDIC o L. albus, White ......ccooeireiriie e Presence of an albic horizon.
AlC i, Modified from auminum ........cccccceeevevererereeeeceeeee High Al** status.
ANIONIC ...ccocvvrvreennns LT 31T o [ Positively charged colloid.
Anthraquic............... Modified from Gr. anthropos, human, and

I To (- MR VIV (= S Controlled flooding.

Anthropic................. Modified from Gr. anthropos, human..........c.cccccecvvenee. An anthropic epipedon.
Arenic ....ccceveeeeeenen. L. arena, SANA ......ccccovveeereresese e Sandy material between 50 and 100 cm thick.
CalCiC.uveiririien L. calis, HME....ceriiririeeeee e Presence of a calcic horizon.
Chromic .....ccceevevenee. Gr. Chroma, COION ......ccvieiereie e High chroma.
Cumulic ....ccovvvennee. L. cUMUIUS, DEAPD .....cveeeieeeecee e Thickened epipedon.
Durinodic................. L. durus, hard .........ccceoeveerenineseeee e Presence of durinodes.
EULFIC oo Modified from Gr. eu, good; eutrophic, fertile ............... High base status.
Fragic...cccoevvviveennnne Modified from L. fragilis, brittle .......cccooevvvvicevcrcnne Presence of fragic properties.
(C1F- o [ [0 = Tor - T sV A Presence of ice lenses or wedges.
(€105 T Gr. gl0SSa, tONQUE....c.cceeeeeeeeeeieeeeeeseese e ste e see e seeseens Tongued horizon boundaries.
Grossarenic.............. L. grossus, thick, and L. arena, sand ..........ccccoeevvevviennnne Thick sandy layer.
(€Y oS oI [0V o1 U g 01V 00 o Presence of a gypsic horizon.
Halic oo Gr. hals, SaAlt.....cccoeiciceccc e Salty.
HUMIC .o L. humus, €arth ........cccoevvieviiesec e Presence of organic matter.
Hydric .o Gr. hydor, Water ......cccvvevieerereeeeee e Presence of water.
Kandic ....ccoevvvvnnnne Modified from kandite.........cccccevvvvervenierinie s Presence of 1:1 layer silicate clays.
Lamellic.....ccovuennee. L. lamella, dim ... Presence of lamellae.
(= o ([ Gr. 1eptos, thin ... A thin sail.
Limnic ...ccceveveeene Modified from Gr. limn, [aKe .......cccceevvievivvvnene e Presence of alimnic layer.
LithiC .ccovevriiine, Gr. lIthOS, SEONE ..o e Presence of a shallow lithic contact.
N ] o Modified from natrium, Sodium .........c.ccccvevrvnrinenennn Presence of sodium.
NItHC .o Modified from NItroN ... Presence of nitrate salts.
Ombroaquic ............. Gr. ombras, rain, and aqUIC.......ccceeeerererreeererereseseneens Surface wethess.
OXyaqUIiC.....cvrveeenene Oxy, representing oxygen, and aquUIiC ........ccccevereeeeeenenn. Aerated.
PachicC .....ccccvevrnnnnne Gr. pachys, thiCK .......ccccceivieiirene e A thick epipedon.
Petrocalcic ............... Gr. petra, rock, and calcic from calcium ..........cccceevenene. Presence of a petrocalcic horizon.
Petroferric ... Gr. petra, rock, and L. ferrum, iron .........cccceeevvevevveenene. Presence of a petroferric contact (ironstone).
PetrogypsiC ........c..... Gr. petra, rock, and L. gypsum, gypsuM........cccceeereereenes Presence of a petrogypsic horizon.
Petronodic................ Modified from petra, rock, and nodulus, a little knot .... Presence of concretions and/or nodules.
PlaciC .coooovvvviienne Gr. base of plax, flat Stone.......ccceeveveeceeceeeceeee e Presence of athin pan (placic horizon).
Plinthic ....cccccovvvene Modified from Gr. plinthos, brick .........cccceevvivvivienennne Presence of plinthite.
Rhodic.......ccccovuenenne. Gr. base of rhodon, rOSE ........cccveierenrenre e Dark red color.
Rupticl ..o L. ruptum, BroKeN ........cccovveveenieneie e Intermittent or broken horizons.
SOdiC ..o Modified from SOdiUuM ........ccoeirreneirere e Presence of sodium salts.
SombIiC....cccveereennn F. sombre, dark ... Presence of a sombric horizon.
SUIfiC..ciieicereceeen L. SUlfur, SUIFUF ....eeeeceeeeeeee e Presence of sulfides or their oxidation products.
TEITIC v L. terra, €arth ..o A mineral substratum.
Thapto(ic)!............... Gr. thapto, buried..........ccooeieeceecce e A buried sail.
Umbric...cccceeeeveenene L. base of umbra, shade........cccccvvvvivrievievie v Presence of an umbric epipedon.
Xanthic ......ccccvunee. Gl XANTNOS ... e Yellow.

1 Not strictly an extragrade. Name used to indicate aspecia departure from the Typic subgroup.
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Namesof M ultiple Subgroups| nter grading Between Two Given
Great Groups

Two or more subgroups in a given great group may be
intergrades to the same class of soil or even to nonsoil. In one
area, for example, the horizons may be continuous; in another,
discontinuous; and in a third, buried. Also, the properties of
two classes may be mixed in a single horizon in one area but
may be in separate horizonsin another area. A soil of class X
may be developing from or toward class Y, producing subgroups
that have different properties.

If the intergrade is one in which horizons are intermittent,
the adjective Ruptic (L. ruptum, broken) is used in the
subgroup name. The substantive in the name is the one for the
kind of soil having the greatest area in the pedon; the
adjectives are formed from the names of the kinds that have the
lesser area, preceded by the adjective Ruptic and connected by
hyphens. Thus, if X isdominant and Y is minor, the soil is
named Ruptic-Yic X. For example, Ruptic-Lithic Haplustolls
have a lithic contact only in part of each pedon. If the entire
pedon were lithic and the argillic horizon of the Haploxerult
were intermittent, the name would be Lithic Ruptic-Inceptic
Haploxerults. The general rule is that modifiers are hyphenated
if they apply to only part of the pedon. No hyphens are used if
the modifier applies to the entire pedon.

If the subgroup is one in which a buried soil is an important
part of the present soil, the name includes Thapto (Gr. thapto,
buried) as a modifier of the name of the buried soil. Hyphens
are used to connect Thapto with the name of the buried soil,
except in the order Andisols, where the name of the buried soil
is omitted. In Thaptic subgroups of Andisols, the buried soil is
normally an Andisol. Thus, soil X that includes a buried soil,
Y, is called Thapto-Yic X. A Humaquept that has a histic
epipedon is called a Histic Humaquept, but a Fluvaquent in
which a Histosol or Histic epipedon has been buried is called a
Thapto-Histic Fluvaquent.

Arrangement of modifiers—Modifiers are arranged
alphabetically, for example, Aquic Arenic Hapludults.

Names of Families

Each family requires one or more names. The technical
family name consists of a series of descriptive terms modifying
the subgroup name. For these terms we take the class names
that are given in for particle-size class, mineralogy,
and so on, in family differentiae. The descriptive termsin the
names of families are given in a consistent order, which is as
follows: particle-size class, mineralogy class, cation-exchange
activity class, calcareous and reaction class, soil temperature
class, soil depth class, rupture resistance class, classes of
coatings, and classes of cracks.

Redundancy in the names of families should be avoided.
Particle-size class and temperature classes should not be used
in the family name if they are specified above the family level.
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Psamments, by definition, all have asand or loamy sand texture
and are in asandy particle-size class, unlessthey are ashy. It is
therefore redundant to specify a particle-size classfor
Psamments, unless they are ashy.

Rules of Nomenclature

For uniformity, certain rulesarefollowed.

First, the names are considered to be modern vernacular
nouns. They are treated as masculine nouns in languages that
have grammatical gender. While only the names of the orders
have a suffix meaning “soil,” this meaning is understood to be
included in al names. Thus, the names are not to be converted
to adjectives that modify the word “soil.” The prior (first)
formative elements of the names of suborders and great groups
can be converted to adjectives that modify the name of the
category. Thus, one may speak of Aquic great groups, referring
to all taxa of that rank with names that include the formative
element aqu.

Second, plural forms of the nouns conform to the rules of
the language in which the names are used. If afinal vowel or
suffix allows the name to fit better into a particular language, it
can be added as needed.

Third, adjectives are formed by adding the suffix ikos (Gr.),
shortened or adapted to the modern vernaculars according to
the rules of the language used. For example, in English the
ending isic; in French, ique; and in German, isch. Adjectival
forms are placed in the position that is normal for the language
in which they are used.

Fourth, the names of the orders, suborders, and great groups
are treated as proper nouns, and the first letter is capitalized.
The adjectival forms of these names may be capitalized or not,
depending on the conventions of printing in the language in
which they are used. In the United States, each word in a
subgroup name is capitalized.

Fifth, pronunciation of the names follows the rules of the
modern vernacular in the language in which the words are
used.

Use of Single Formative Elements

The namesin thetables* Formative Elementsin Names of Sail
Orders,” “ Formative Elementsin Names of Suborders,” and
“Formative Elementsin Names of Great Groups” are not theonly
possible names or uses of the formative elements. Thereis
considerable repetition in the use of anumber of formative
elements. Aqu, for example, isthe prior (first) formative element
in the names of nine suborders. In this position, it implies that
the soils are compl etely saturated with water at some season and
that they show the effects of permanent or periodic reduction of
iron to the ferrous state. If one wishesto specify all mineral soils
that are permanently or periodically wet, one may usethe
appropriate formative element to modify the name of a category
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and speak of Aquic suborders or Aquic great groups. Such a
use of Aquicis equivalent to creating an order with all these
suborders.

It is necessary, however, to specify the categoric level of the
taxa. Aquic also is used to define subgroups of soils that are not
in Aquic suborders but that have shallow ground water at some
period and have the required redox criteriaat adepth generally
of more than 50 cm. Aquic subgroups are not so wet as Aquic
suborders. One should not speak of aquic soilsif one means
Aquic suborders or Aquic subgroups.

If it serves on€e's purpose, many formative elements that are
repeated in the names of taxa can be used to alter the hierarchy
for the moment and to call to mind all the soils with the
property one wishes to consider. The soils in the Cryic suborder

and Gelisol order bring together al the cold soils. Calcic great
groups bring together al the soils that have a horizon of
appreciable accumulation of carbonates, and so on. The
nomenclature permits a flexible classification in which
emphasis can be shifted as needed to any of a number of
important properties that are subordinated in the arrangement
shown in the table “Names of Orders, Suborders, Great
Groups, and Subgroups.”
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| dentification of the Taxonomic Class of a Solil

he taxonomic class of a specific soil can be determined

by using the keys that follow in this and other chapters.
It is assumed that the reader is familiar with the definitions of
diagnostic horizons and properties that are given in
of this publication and with the meanings of the terms
used for describing soils given in the Soil Survey Manual. The
Index at the back of this publication indicates the pages on
which definitions of terms are given.

Standard 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 does so when moist or dry or both moist and
dry.

All of the keys in this taxonomy are designed in such a way
that the user can determine the correct classification of a soil
by going through the keys systematically. The user must start at
the beginning of the “Key to Soil Orders’ and eliminate, one
by one, all classes that include criteria that do not fit the soil in
question. The soil belongs to the first class listed for which it
meets all the required criteria.

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 that, 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 the user systematically goes through
the key to identify the suborder that includes the sail, i.e., the
first in the list for which it meets all the required criteria. The
same procedure is used to find the great group class of the soil
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. can be used, as
one would use other keys in this taxonomy, to determine which
components are part of the family. The family, however,

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 afamily must be used to determine the
control section before use of the keys to classes.

The descriptions and definitions of individual soil seriesare
not included in this text. Definitions of the series and of the
control section and examples of the application are given in
The classification of the series and the list of
families and their included series for the soils of the 50 States,
Puerto Rico, and the Virgin Islands are given in another
publication (Soil Series of the United States, Including Puerto
Rico and the Virgin Islands: Their Taxonomic Classification).
That publication does not include the descriptions or
definitions of the series, but descriptions of specific series are
available on request from the Natural Resources Conservation
Service. No one publication includes descriptions of all the
series.

In the “Key to Soil 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 on the basis of whether or not
the soil meets the meaning of the term givenin
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 aguic conditions), any andic or vitrandic
properties, and family criteria.

If asoil profile includes a buried soil, the present soil
surface is used to determine soil moisture and temperature as
well as depth to and thickness of diagnostic horizons and other
diagnostic soil characteristics. Diagnostic horizons of the
buried soil are not considered 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 soil are not considered, but organic
carbon if of Holocene age, andic soil properties, base
saturation, and all properties used to determine family and
series placement are considered.
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KeytoSoil Orders

A. Soilsthat have:
1. Permafrost within 100 cm of the soil surface; or

2. Gelicmaterialswithin 100 cm of the soil surfaceand
permafrost within 200 cm of the soil surface.

Gelisols| p. 445

B. Other soils that:

1. Do not have andic soil propertiesin 60 percent or more
of the thickness between the soil surface and either a depth

of 60 cm or a densic, lithic, 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, have a densic, lithic, or paralithic contact;

or

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

c. Constitute two-thirds or more of the total thickness
of the soil to adensic, lithic, or paralithic contact and
have no mineral horizons or have mineral horizons with
atotal thickness of 10 cm or less; or

d. Are saturated with water for 30 days or more per
year in normal years (or are artificially drained), have an
upper boundary within 40 cm 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 g/cm®; or

(2) 40 cm or moreif they consist either of sapric or
hemic materials, or of fibric materials with less than
three-fourths (by volume) moss fibers and a bulk

density, moist, of 0.1 g/cm® or more.
p. 473

C. Other soils that do not have a plaggen epipedon or an
argillic or kandic horizon above a spodic horizon, and have
one or more of the following:

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

1 Materialsthat meet the definition of cindery, fragmental, or pumiceous but have more
than 10 percent, by volume, voidsthat arefilled with organic soil materialsare considered to be
organic soil materials.

Soil Taxonomy

2. AnAp horizon containing 85 percent or more spodic
materials; or

3. A spodic horizon with all of the following
characteristics:

a. Oneor more of the following:
(1) A thickness of 10 cm or more; or
(2) Anoverlying Ap horizon; or

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

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

(5) A cryic temperature regime in the soil; and

b. An upper boundary within the following depths from
the mineral soil surface: either

(1) Lessthan 50 cm; or

(2) Lessthan 200 cm if the soil has a sandy
particle-size classin at least some part between
the mineral soil surface and the spodic horizon;
and

c. A lower boundary asfollows:

(1) Either at adepth 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 petroferric
contact, whichever is shallowest; or

(2) At any depth,

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

(b) If the soil has a cryic temperature regime;
and

d. Either:

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

(2) Noandic soil propertiesin 60 percent or more of
the thickness either:

(8 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 thereis
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 andic soil properties,
whichever is shallower, and a densic, lithic, or
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paralithic contact, aduripan, or apetrocalcic

horizon.
p. 695

D. Other soils that have andic soil propertiesin 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 paraithic contact, a

duripan, or a petrocalcic horizon.
p. 271

E. Other soils that 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.
p. 655

F. Other soils that have:

1. A layer 25 cm or more thick, with an upper boundary
within 100 cm of the mineral soil surface, that has either
dlickensides or wedge-shaped peds that 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 cm 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, a
duripan, or a petrocalcic horizon if shallower; and

3. Cracks? that open and close periodically.
p. 783

G. Other soils that:

2 A crack isaseparation between gross polyhedrons. If the surfaceis strongly self-
mulching, i.e., amassof granules, or if the soil iscultivated while cracks are open, the cracks
may befilled mainly by granular materialsfrom the surface, but they are open in the sensethat
the polyhedrons are separated. A crack isregarded asopenif it controlstheinfiltration and
percolation of water inadry, clayey soil.
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1. Have
a.  Anaridic soil moistureregime; and
b. An ochric or anthropic epipedon; and

c. Oneor more of thefollowing with the upper
boundary within 100 cm of the soil surface: acambic
horizon with alower depth of 25 cm or more; acryic
temperature regime and acambic horizon; acalcic,
gypsic, petrocalcic, petrogypsic, or salic horizon; or a
duripan; or

d. Anargillicor natric horizon; or
2. Haveasdlichorizon; and

a. Saturation with water in one or more layers within
100 cm of the soil surface for 1 month or more during a
normal year; and

b. A moisture control section that is dry in some or all
parts at some time during normal years; and

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

p. 329

H. Other soils that have either:

1. Anargillic 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 class throughout, either:

(1) 125 cm below the upper boundary of the argillic
horizon (but no deeper than 200 cm below the mineral
soil surface) or 180 cm below the mineral soil surface,
whichever is deeper; or

(2) At adensic, 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 adensic, 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:
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(1) 75cm below the upper boundary of the fragipan;
or

(2) 200 cm below themineral soil surface; or

(3) Atadensic, lithic, pardlithic, or petroferric

contact.
p.721

Other soilsthat have both of the following:

1. Either:

a. A mollic epipedon; or

b. Both asurface horizon that meetsall the
requirementsfor amollic epipedon except thickness after
the soil has been mixed to adepth of 18 cmand a
subhorizon more than 7.5 cm thick, within the upper part
of anargillic, kandic, or natric horizon, that meetsthe
color, organic-carbon content, base saturation, and
structure requirements of amollic epipedon but is
separated from the surface horizon by an albic horizon;
and

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, lithic, or paralithic contact, whichever depth is
shallowest.

p. 555

J.  Other soils that do not have a plaggen epipedon and that
have either:

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

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

p. 163

K. Other soils that have either:

1. Oneor more of the following:

a. A cambic horizon with its upper boundary within
100 cm of the mineral soil surface and its lower boundary

at adepth of 25 cm or more below the mineral soil surface;
or

b. A calcic, petrocalcic, gypsic, petrogypsic, or
placic horizon or aduripan with an upper boundary within
adepth of 100 cm of the mineral soil surface; or

c. A fragipan or anoxic, sombric, or spodic horizon with
an upper boundary within 200 cm of the mineral soil
surface; or

d. A sulfuric horizon that has its upper boundary within
150 cm of the mineral soil surface; or

e. A cryictemperatureregimeand acambic horizon; or

2. Nosulfidic materia swithin 50 cm of the minera soil
surface; and both:

a Inone or more horizons between 20 and 50 cm
below the minera soil surface, either an n value of 0.7 or
less or less than 8 percent clay in the fine-earth fraction;
and

b. Oneor both of the following:

(1) A sdlic horizon or a histic, mallic, plaggen, or
umbric epipedon; or

(2) In 50 percent or more of the layers between the
mineral soil surface and a depth of 50 cm, an
exchangeabl e 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 cm of the mineral soil
surface at some time during the year when the soil is

not frozen in any part.
p. 489

L. Other soils.

p. 389
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CHAPTER 9
Alfisols
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he central concept of Alfisolsisthat of soilsthat have

an ochric epipedon, an argillic horizon, and moderate to
high base saturation and in which water is held at less than
1500 kPa tension during at least 3 months each year when the
soils are warm enough for plants to grow. Alfisols may also
have a fragipan, a duripan, a kandic horizon, a natric horizon,
a petrocalcic horizon, plinthite, or other features, and these
features are used in defining the great groups within the order.
A very few Alfisols that are very wet during part of the year
have an umbric epipedon.

Alfisols that have a thermic or warmer soil temperature
regime tend to form a belt between the Aridisols of arid regions
and the Inceptisols, Ultisols, and Oxisols in areas of warm,
humid climates. Where the soil temperature regime is mesic or
cooler, the Alfisolsin the United States tend to form a belt
between the Mollisols of the grasslands and the Spodosols and
Inceptisols in areas of very humid climates.

In regions of mesic and frigid soil temperature regimes,
Alfisols are mostly on late-Pleistocene deposits or surfaces. In
warmer regions, they are on late-Pleistocene or older surfaces if
there are only infrequent years when the soils lose bases by
leaching or if there is an external source of bases, such as
calcareous dust from a desert.

Most Alfisols have a udic, ustic, or xeric moisture regime,
and many have aquic conditions. Alfisols are not known to
have a perudic moisture regime. Leaching of bases from the
soils may occur almost every year or may be infrequent.

Definition of Alfisolsand Limits Between
Alfisols and Soils of Other Orders

The definition of Alfisols must provide criteria that separate
Alfisols from all other orders. The aggregate of these criteria
defines the limits of Alfisolsin relation to all other known
soils.

Alfisols are mineral soilsthat meet all of the following:

1. Unlike Histosols, Alfisols do not 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

1 Materialsthat meet the definition of cindery, fragmental, or pumiceous but have more
than 10 percent, by volume, voidsthat arefilled with organic soil materialsare considered to be
organic soil materials.

materials have either a densic, lithic, or paralithic contact;
or

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

c. Constitute two-thirds or more of the total thickness of
the soil to adensic, lithic, or paralithic contact and have no
mineral horizons or have mineral horizons with a total
thickness of 10 cm or less; or

d. Are saturated with water for 30 days or more in normal
years (or are artificially drained), have an upper boundary
within 40 cm of the soil surface, and have atotal 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 g/cm®; or

(2) 40 cm or moreif they consist either of sapric or
hemic materials, or of fibric materials with less than
three-fourths (by volume) moss fibers and a bulk density,
moist, of 0.1 g/cm?® or more;

2. Unlike Spodosols, Alfisols do not have a spodic horizon or
an Ap horizon containing 85 percent or more spodic materials
above the argillic, kandic, or natric horizon and do not have
one or more of the following:

a. An albic horizon in 50 percent or more of each pedon
and a cryic soil temperature regime; or

b. A spodic horizon with all of the following
characteristics:

(1) Oneor more of the following:
(8 A thickness of 10 cm or more; or
(b) Anoverlying Ap horizon; or

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

(d) A coarse-loamy, loamy-skeletal, or finer
particle-size class and a frigid soil temperature
regime; or

(e) A cryic soil temperature regime;
and
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(2) An upper boundary within the following depths
from the mineral soil surface: either

(8 Lessthan 50 cm; or

(b) Lessthan 200 cm if the soil has a sandy particle-
size class between the mineral soil surface and the
spodic horizon; and

(3) A lower boundary asfollows:

(a) Either at adepth 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 petroferric
contact, whichever is shallowest; or

(b) At any depth if the spodic horizon has a coarse-
loamy, loamy-skeletal, or finer particle-size class and
the soil has a frigid temperature regime, or if the soil
has a cryic temperature regime;

3. Unlike Andisols, Alfisols have andic soil propertiesin less
than 60 percent of the thickness either:

a Within 60 cm of either 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 andic soil properties, whichever is
shallower, and a densic, lithic, or paraithic contact, a
duripan, or a petrocalcic horizon;

Unlike Gelisols, Alfisols do not have:
a  Permafrost within 100 cm of the soil surface; or

b. Gelic materials within 100 cm of the soil surface and
permafrost within 200 cm of the soil surface;

Unlike Oxisols, Alfisols do not have:

a.  An oxic horizon that has its upper boundary within 150
cm of the mineral soil surface, unless the soil also has both
an argillic or kandic horizon that has its upper boundary
within that depth and less than 40 percent (by weight) clay
in the fine-earth fraction between the mineral soil surface
and a depth of 18 cm (after mixing) or more than 10 percent
weatherable minerals; and

b. Both of the following: (1) a kandic horizon that has less
than 10 percent weatherable minerals and has an upper
boundary within 150 cm of the mineral soil surface and (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);

6. Unlike Vertisols, Alfisols do not have all of the following:

a. A layer 25 cm or more thick, with an upper boundary
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within 100 cm of the mineral soil surface, that has either
dlickensides close enough to intersect or wedge-shaped
aggregates that have their long axes tilted 10 to 60 degrees
from the horizontal; and

b. 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 cm 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, a
duripan, or a petrocalcic horizon if shallower; and

c. Cracks? that open and close periodically;

7. Unlike Aridisols, Alfisols do not have an aridic soil
moisture regime;

8. Unlike Ultisols, Alfisols have either:

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

(1) Inan epipedon that has a sandy or sandy-skeletal
particle-size class throughout, either:

(8 125 cm below the upper boundary of the argillic
or kandic horizon (but no deeper than 200 cm below
the mineral soil surface) or 180 cm below the mineral
soil surface, whichever is deeper; or

(b) At adensic, lithic, paralithic, or petroferric
contact if shallower; or

(2) The shallowest of the following depths:

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

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

(c) Atadensic, lithic, paraithic, or petroferric
contact; or

b. A fragipan and a base saturation (by sum of cations) of
35 percent or more at the shallowest of the following
depths:

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

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

(3) At adensic, lithic, paralithic, or petroferric contact;
9. Unlike Mollisols, Alfisols do not have both:

a. A mollic epipedon or both a surface horizon that meets

2 A crack isaseparation between gross polyhedrons. If the surfaceis strongly self-
mulching, i.e., amassof granules, or if the soil iscultivated while cracks are open, the cracks
may befilled mainly by granular materialsfrom the surface, but they are open in the sensethat
the polyhedrons are separated. A crack isregarded asopenif it controlstheinfiltration and
percolation of water inadry, clayey soil.
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all of therequirementsfor amollic epipedon except thickness
after the surface soil has been mixed to a

depth of 18 cm, and a subhorizon more than 7.5 cm thick,
within the upper part of an argillic, kandic, or 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 abic
horizon; and

b. 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, lithic, or paralithic contact, whichever depth is
shallowest;

10. Unlike Inceptisols and Entisols, Alfisols have either:
a. An argillic, kandic, or natric horizon; or

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

Representative Pedon and Data

Following is a description of a representative Alfisol. Data
for the pedon identified in this description are given in the
table " Characterization Datafor an Alfisol.”

Classification: Fine, mixed, semiactive, isohyperthermic Typic
Haplustal f

Site identification number: 90P0621

Location: Killikulam Agriculture College, India

Latitude: 09 degrees, 00 minutes 00 seconds N.

Longitude: 78 degrees 00 minutes 00 seconds E.

Landscape: Plains

Microrelief: Land leveled or smooth

Sope: Plane

Elevation: 23 m above m.sl.

Permeability class: Moderate

Drainage class: Well drained

Land use: Cropland

Vegetation: Foxtail millet

Hazard of erosion or deposition: Slight

Parent material: Alluvium derived from igneous material over
igneous rock

Diagnostic horizons: An ochric epipedon from a depth of 0 to
23 cm and an argillic horizon from a depth of 23 to 115
cm

Described by: M. Janakiraman, S. Ramu, and R.J. Engel

In the following pedon description, colors are for dry soil
unless otherwise indicated.

Ap—oO0 to 13 cm; yellowish red (5Y R 5/6) sandy clay loam,
yellowish red (5Y R 4/6) moist; weak fine subangular
blocky structure; hard, firm, sticky and plastic; common
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fine roots throughout; many very fine and fine interstitial
and tubular pores; common medium rounded iron-
manganese concretions; 5 percent igneous pebbles; clear
smooth boundary.

BAt—13to 23 cm; red (2.5YR 4/6) gravelly sandy clay loam,
dark red (2.5YR 3/6) moist; moderate fine subangular
blocky structure; dightly hard, friable, sticky and plastic;
few fine roots throughout; many fine and medium
interstitial and tubular pores; few faint clay films on faces
of peds and in pores; common medium rounded iron-
manganese concretions; 30 percent igneous pebbles;
abrupt smooth boundary.

Bt1—23 to 36 cm; dark reddish brown (2.5Y R 3/4) sandy clay,
dark reddish brown (2.5YR 3/4) moist; strong fine
subangular blocky structure; friable, very sticky and
plastic; few fine roots throughout; common fine interstitial
and tubular pores; few faint clay films on faces of peds and
in pores; common medium rounded iron-manganese
concretions; 5 percent igneous pebbles; clear wavy
boundary.

Bt2—36 to 48 cm; dark reddish brown (2.5Y R 3/4) sandy clay,
dark red (2.5YR 3/6) moist; strong medium angular blocky
structure; very friable, very sticky and plastic; few fine
roots throughout; common fine interstitial and tubular
pores; few faint clay films on faces of pedsand in pores;
common medium rounded iron-manganese concretions; 10
percent igneous pebbles; clear smooth boundary.

Bt3—48 to 81 cm; dark reddish brown (2.5Y R 3/4) very
gravelly sandy clay, dark red (2.5YR 3/6) moist; strong
medium subangular blocky structure; friable, very sticky
and plastic; few fine roots throughout; common fine and
medium interstitial and tubular pores; few faint clay films
on faces of peds and in pores; common medium rounded
iron-manganese concretions; 40 percent igneous pebbles;
gradual broken boundary.

BCt—=81 to 115 cm; yellowish red (5Y R 5/6) extremely
gravelly sandy clay and weathered bedrock, 50 percent
yellowish red (5YR 4/6) and 50 percent reddish yellow
(5YR 6/8) moist; moderate fine subangular blocky
structure; very friable, very sticky and plastic; few fine
roots throughout; common fine and medium interstitial
and tubular pores; few faint clay films on faces of peds and
in pores; common medium rounded iron-manganese
concretions; 65 percent igneous pebbles; clear broken
boundary.

Cr—115 to 130 cm; reddish yellow (5YR 6/8), moist,
weathered bedrock; massive.

Key to Suborders

JA. Alfisols that have, in one or more horizons within 50 cm
of the mineral soil surface, aquic conditions (other than
anthraquic conditions) for some time in normal years (or
artificial drainage) and have one or both of the following:
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Characterization Data for an Alfisol

SI TE | DENTI FI CATION NQ :  90P0621
CLASS FI CATICN FINE, M XED, SEM ACTI VE,
CGENERAL METHCDS: 1B1A, 2Al1, 2B

| SCHYPERTHERM C TYPI C HAPLUSTALF

-1- -2- -3 - 4- -5- - 6- -7- - 8- -9- -10- -11- -12- -13- -14- -15- -16- -17- -18- -19- -20-
(- - -TOTAL - - -)(- -CLAY- -)(- -SILT- -)(- - - - - -SAND - - - - -)(-COARSE FRACTI ONS(nm) -) (>2nmm)
CLAY SILT SAND FINE QO3 FINE COARSE VF F M C VC - - - - VWEIGH - - - - Wr
SAMPLE DEPTH  HORI ZON LT .002 .05 LT LT .002 .02 .05 .10 .25 .5 1 2 5 20 .1- PCT OF
NO. (cm .002 -.05 -2 .0002 .002 -.02 -.05 -.10 -.25 -.50 -1 -2 -5 -20 -75 75 WHOLE
< - - - - - - - - - - - Pct of <27m (3A1) - - - - - - - - - - - - -> < Pct of <75m{3B1)-> SAL
90P3691 0- 13 Ap 28.0 12.3 59.7 21.4 6.6 5.7 12.5 158 12.4 11.5 7.5 8 TR -- 51 8
90P3692 13- 23 BAt 17.9 8.6 73.5 12.8 3.4 5.2 11.6 18.5 14.9 14.3 14.2 13 TR -- 67 13
90P3693 23- 36 Btl 36.9 8.5 54.6 28.1 3.5 50 7.4 13.6 12.4 11.7 9.5 6 TR -- 50 6
90P3694  36- 48 Bt2 48.2 9.1 42.7 39.5 4.8 4.3 7.3 100 9.1 7.9 84 8 1 -- 41 9
90P3695 48- 81 Bt3 44.7 9.7 45.6 35.3 5.3 44 7.0 82 7.4 7.7 15.3 24 2 -- 55 26
90P3696 81-115 BC 45.5 12.6 41.9 30.5 7.3 53 6.4 9.4 6.2 55 14.4 32 20 1 70 53
90P3697 115-130 Cr1 16.9 13.3 69.8 10.2 6.9 6.4 155 24.3 13.9 8.7 7.4 11 2 -- 60 13
ORGN TOTAL EXTR TOTAL (- - DITHC T - -)(RATI O CLAY) (ATTERBERG ) (- BULK DENSITY -) COLE (- - -WATER CONTENT - -) WRD
C N P S EXTRACTABLE 15 - LIMTS - FIELD 1/3 OVEN WHOLE FIELD 1/10 1/3 15 WHOLE
DEPTH Fe A M CEC BAR LL PI MO ST BAR DRY SOL MOST BAR BAR BAR SOL
(cm 6Alc 6B3a 6S3 6R3a 6C2b 6G7a 6D2a 8D1 8D1 A4F1 4F 4A3a 4A1d 4Alh 4Dl 4B4  4Blc 4Blc 4B2a 4Cl
Pct <2mm ppm<- Percent of <2mm--> Pct <0.4mm <- - g/cc - - ->cmcm <- - -Pct of <2nm- -> cnmicm
0- 13 0.68 0.60 0.37 1.62 1.77 0.028 15.7 10.4 0.08
13- 23 0.15 0.40 0.37 1.67 1.77 0.018 13.2 6.7 0.10
23- 36 0.23 0.35 0.33 1.63 1.73 0.019 15.3 12.3 0.05
36- 48 0.22 0.35 0.34 1.59 1.77 0.034 20.5 16.3 0.06
48- 81 0.13 0.39 0.32 14. 3
81-115 0.09 0.50 0.37 1.58 1.70 0.015 19.1 16.7 0.02
115- 130 0.02 1.24 0.63 1.70 1.78 0.014 15.6 10.6 0.08
(- NHOAc EXTRACTABLE BASES -) ACID- EXTR (- - - -CEC - - -) A - BASE SAT- CO3 AS RES. COND. (- - - -PH- - -)
Ca My Na K SuM ITY A SUM  NHg- BASES SAT SUM  NHy CaCOz ohns mhos Cad, HO
DEPTH 5B5a 5B5a 5B5a 5B5a BASES CATS CQAc + A QAc <2mMm /cm /cm .01M
(cm 6N2e 62d 6P2b 6Qb 6Hba 6&b 5A3a 5A8b 5A3b 5GL 5C3 5C1 6Elg 8E1l 8l 8Clf 8Cif
< - - - - =--=-=---=-meq/ 100g-----------> < - - - -Pct - - - -> 1:2 1:1
0- 13 1225 55 0.2 0.6 18.8 2.5 21.3 16.8 88 100 TR 0.22 7.1 7.7
13- 23 58 2.3 0.2 0.2 85 1.4 9.9 7.2 86 100 TR 0.14 7.1 7.8
23- 36 10.0 4.1 0.4 0.2 147 2.5 17.2 12.9 85 100 TR 0.11 7.0 7.5
36- 48 13.1 6.3 0.6 0.3 20.3 2.7 23.0 16.7 88 100 -- 0.17 7.1 7.8
48- 81 1225 6.3 0.6 0.3 19.7 2.3 22.0 17.6 90 100 TR 0.16 7.0 7.7
81-115 15,3 8.2 0.7 0.5 247 3.0 27.7 22.8 89 100 0.16 6.8 7.5
115-130 16.9 6.1 0.5 0.2 23.7 21 25.8 20.9 92 100 0.11 6.8 7.7
< - - - - - - - - - - - - - - - - - - - - - - CLAY MNERALOGY (<.002mm) - - - - - - - - - - - - - - - o - o oo e e >
FRAG < - - - - - XXRAY - - - - - -> - - - THERVAL - - - ->< - - - - - - - ELEMENTAL - - - - - - - ->< - -> EGVE | NTER
SAMPLE TION < >< - DTA- ->< - TA - -> S0 A,03 FesO3 MJO CaO KO NayO < > RETN PRETA-
<- - - - - TA2i - - - - - ->< - TA6 - > - TMb - >< - - - - - - - - - T7C3 - - - - - - - - ->< > 7D2 TION
NUMBER <- - > - - - - Peak size - - - - -> - - - Percent - - - -> - - - - - - - - Percent - - - - - - - -> - ->ny/g>< - ->
90P3693 TCLY KK3 M 1 GE1 HE1 29.0 13.3 0.9
90P3695 TCLY KK4 M2 GE2 M1 HE1 26.0 11.4 1.0
The chenical data are based on the fraction less than 2 nmin size.
Fraction interpretation: TCLY, total clay, <0.002 mm
M neral interpretation: KK, kaolinite; M, nica;, GE goethite; HE hematite; MI, nontnorillonite.

Rel ative peak size: 5, very large; 4, small; 1, very small; 6, no peaks.

Pedon m neral ogy based on clay: M xed.
Fam |y mineral ogy: M xed.

large; 3, nmedium 2,
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1. Redoximorphicfeaturesinall layersbetween 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 cm; and one of the following within the upper 12.5 cm of
the argillic, natric, glossic, or kandic horizon:

a. 50 percent or moreredox depletionswith chromaof 2
or less on faces of peds and redox concentrations within
peds; or

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

c. 50 percent or more redox depletions with chroma of
1 or less on faces of peds or in the matrix, or both; or

2. Inthe horizons that have aquic conditions, enough
active ferrous iron to give a positive reaction to apha,apha
dipyridyl at atimewhen the soil isnot being irrigated.

Aqualfs, p. 167
JB. Other Alfisols that have a cryic or isofrigid temperature
regime.
Cryalfs, p. 189

JC. Other Alfisolsthat have an ustic moistureregime.

Ugtalfs, p. 228
JD. Other Alfisolsthat have axeric moistureregime.

Xerdfs, p. 253
JE. Other Alfisols.

Udalfs, p. 200

Aqualfs

Aqualfs are the Alfisols that have aguic conditions for some
time in normal years (or artificial drainage) at or near the soil
surface. Their appearance is normally controlled by gray redox
depletions and higher chroma redox concentrations. In some of
these soils, ground water is near the surface during a
considerable part of the year but drops to depths below the
argillic or kandic horizon in another part of the year. In others,
the ground water may be deep most of the year but horizons
that have low hydraulic conductivity restrict the downward
movement of water and extend the period of saturation.

Aqualfs occur in many parts of the world, mostly in small
areas of late-Pleistocene deposits. In either of these situations,
the fluctuating water table that seems essentia to the genesis of
Aqualfs does not occur. The wetness of afew Aqualfsisthe
result of seepage.

Most Aqualfs, except for those that have afrigid or cryic
temperature regime, have some artificial drainage or other
water control and are cultivated. Rice is a common crop on the
Aqualfs that have a thermic or warmer temperature regime.
Before they were cultivated, some of the Aqualfs were under
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forest vegetation and others were under grass. Nearly all
Aqualfs are believed to have supported forest vegetation at
some time in the past.

Definition

Aqualfsarethe Alfisolsthat have, within 50 cm of the
mineral soil surface, aquic conditionsfor sometimein normal
years (or artificial drainage) and have one or both of the
following:

1. Redoximorphicfeaturesinall layersbetween either the lower
boundary of an Ap horizon or adepth of 25 cm below the
mineral soil surface, whichever is deeper, and a depth of 40 cm
or more; and one of the following:

a. 50 percent or more redox depletions with chroma of 2
or less on faces of peds, and redox concentrations within
peds, of the argillic, natric, or kandic horizon; or

b. 50 percent or more redox depletions with chroma of 2
or less, and redox concentrations, in the matrix of the
argillic, natric, or kandic horizon; or

c. 50 percent or more redox depletions with chroma of 1
or less either on faces of peds or in the matrix of the argillic,
natric, or kandic horizon; or

2. Inthe horizons that have aguic conditions, enough active
ferrousiron to give a positive reaction to al pha,al pha-dipyridyl
at atime when the soil is not being irrigated.

Key to Great Groups

JAA. Agquafsthat have acryictemperature regime.
Cryagualfs, p. 171

JAB. Other Aqualfs that have one or more horizons, at a
depth between 30 and 150 cm from the mineral soil surface, in
which plinthite either forms a continuous phase or constitutes
one-half or more of thevolume.

Plinthagualfs, p. 188

JAC. Other Aqualfsthat have aduripan.
Duraqualfs, p. 171

JAD. Other Aqualfsthat have anatric horizon.
Natragualfs, p. 186

JAE. Other Aqualfs that have a fragipan with an upper
boundary within 100 cm of the mineral soil surface.

Fragiagualfs, p. 181

JAF. Other Aqualfsthat have akandic horizon.
Kandiagualfs, p. 184

JAG. Other Aqualfsthat have one or morelayers, at least 25
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cmthick (cumulative) within 100 cm of the mineral soil surface,
that have 50 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts.

Vermagualfs, p. 188

JAH. Other Aqualfsthat have an abrupt textural change
between the ochric epipedon or the albic horizon and the
argillic horizon and have a moderately low or lower saturated
hydraulic conductivity in theargillic horizon.

Albagualfs, p. 168

JAl. Other Aqualfsthat have aglossic horizon.
Glossagualfs, p. 182

JAJ. Other Aqualfsthat have episaturation.
Epiagualfs, p. 175

JAK. Other Aqualfs.
Endoagualfs, p. 171

Albaqualfs

These are the Aqualfs with ground water seasonally perched
above a slowly permeable argillic horizon. Commonly, an abic
horizon rests abruptly on the argillic horizon, with virtually no
transitional horizon between the two. The soil temperature
regime is frigid, isomesic, mesic, or warmer. Albagualfs do not
have a kandic horizon, a natric horizon, a fragipan, or a
duripan. They have no horizon at a depth between 30 and 150
cm from the mineral soil surface in which plinthite either
forms a continuous phase or constitutes one-half or more of the
volume. Recognizable bioturbation, such as filled animal
burrows, wormholes, or casts, is less than 50 percent (by
volume) in all layers at least 25 cm thick (cumulative) within
100 cm of the mineral soil surface. In the United States, most
Albagualfs have a mesic, thermic, or hyperthermic temperature
regime and, unless the soils are irrigated, the albic horizon is
dry for short periods in summer in normal years. The dryness
seems essential to the genesis. Thus, Aqualfs in which the abic
horizon is rarely dry are in great groups other than Albaqualfs.

Definition
Albagualfs are the Aqualfs that:

1. Have an abrupt textural change between an ochric
epipedon or, more commonly, an albic horizon and the argillic
horizon and have moderately low or lower saturated hydraulic
conductivity in the argillic horizon;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Have no fragipan, no duripan, no kandic horizon, and no
natric horizon;

4. Do not have one or more layers, at least 25 cm thick
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(cumulative) within 100 cm of the mineral soil surface, that
have 50 percent or more (by volume) recognizable
bioturbation, such asfilled animal burrows, wormholes, or
casts;

5. Have, inall horizonsat adepth between 30 and 150 cm from
the mineral soil surface, lessthan 50 percent (by volume)
plinthite.

Key to Subgroups

JAHA. Albaqualfsthat 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 cm or more below the mineral soil surface.

Arenic Albaqualfs

JAHB. Other Albagualfs that have both of the following:
1. Oneor both:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Chromaof 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

JAHC. Other Albagualfs that have both of the following:
1. Oneor both:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. An Ap horizon or materials between the minera soil
surface and a depth of 18 cm that, after mixing, have one or
more of the following:

a A color value, moist, of 4 or more; or

b. A color value, dry, of 6 or more; or
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c. Chromaof 4 or more.
Chromic Vertic Albaqualfs

JAHD. Other Albaqualfs that 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Albaqualfs

JAHE. Other Albaqualfs that have both:

1. Chromaof 3 or morein 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. A mollic epipedon, an Ap horizon that meets all of 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.

Udoallic Albaqualfs

JAHF. Other Albagualfs that have chroma of 3 or morein 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

JAHG. Other Albagualfs that have, throughout one or more
horizons with atotal thickness of 18 cm 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
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus Y2 Fe percentages (by ammonium oxalate) totaling
more than 1.0; or

2. Morethan 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Albaqualfs
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JAHH. Other Albagualfsthat have amollic epipedon, an
Ap horizon that meetsall of the requirementsfor amollic
epipedon except thickness, or materials between the soil
surface and a depth of 18 cm that meet these requirements
after mixing.
Mollic Albaqualfs

JAHI. Other Albaqualfs that have an umbric epipedon, an Ap
horizon that meets all of 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 Albaqualfs

JAHJ. Other Albaqualfs.
Typic Albaqualfs

Definition of Typic Albaqualfs
Typic Albagualfs are the Albaqualfs that:

1. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

2. Have chromaof 2 or lessin 60 percent or more of the mass
between the bottom of the A or Ap horizon and a depth of 75
cm;

3. Do not have either:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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;

4. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density of 1.0 g/lcm?® or less, measured at 33 kPa
water retention, in the fraction less than 2.0 mm in size and
acid-oxal ate-extractable aluminum plus Y/2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and
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(2) [(Al plusY/zFe, percent extracted by ammonium
oxalate) times 60] plusthe volcanic glass (percent) isequal
to 30 or more; and

5. Do not have amollic or umbric epipedon, an Ap horizon
that meetsall of the requirementsfor amollic or umbric
epipedon except thickness, or materials between the soil
surface and a depth of 18 cm that meet these requirements
after mixing.

Description of Subgroups

Typic Albaqualfs—The central concept or Typic subgroup of
Albagualfsisfixed on soilsthat have dominantly low chroma
throughout the upper part to a depth of 75 cm or more; that have
relatively high color valuein the plow layer, too high for amollic
epipedon; that do not have a thick epipedon with a sandy or
sandy-skeletal particle-size class throughout; and that do not
have dlickensides, wedge-shaped aggregates, a high linear
extensibility, or wide cracks. Chromaof 3 or more, if dominantin
the horizons directly below the A or Ap horizon, indicates
saturation with water for only short periods and is adefining
feature for Aeric Albaqualfs and other subgroups that
intergrade to freely drained soils.

An Ap horizon that has the color of a mollic epipedon and
similar upper horizons that would be mixed by plowing are
associated in some parts of the United States with a native
prairie vegetation. Horizons with such colors are used to define
intergrades to the Moallisols. Soils that have slickensides,
wedge-shaped aggregates, a high linear extensibility, or wide
cracks are assigned to Vertic or combination Vertic subgroups
because these properties are shared with Vertisols. Typic
Albagualfs do not have a surface mantle or layer in the upper
75 cm that has both alow bulk density and a high content of
weakly crystalline minerals or that consists of sightly or
moderately weathered pyroclastic materials because these
properties are shared with Andisols. Typic Albagualfs are
extensive in parts of the Mississippi Valley in Illinais,
Missouri, Arkansas, and Louisiana and in part of Oregon and
Florida. They are uncommon elsewhere in the United States.
These soils are nearly level and are difficult to drain. Some are
cultivated, but many are used as pasture or are in forests.

Aeric Albaqualfs—Chroma in these soils is more than 2 in
more than 40 percent of the mass between the bottom of the A
or Ap horizon and a depth of 75 cm. Most commonly, the
chroma in the matrix of the argillic horizon is 3 or more. The
period of saturation with water in these soils is shorter than the
one characteristic of Typic Albaqualfs. Aeric Albagualfs are
intergrades between Albagualfs and Hapludalfs. They generally
are steep enough for water to run off the surface rather than
stand on the surface. They genarally are either cultivated or
used as pasture. If they are cultivated, erosion is commonly a
problem. These soils are not extensive. They occur mostly in
Louisiana and Missouri.

AericVertic Albaqualfs—Thesesoilsarelike Typic
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Albagualfs, but they are high in content of expanding clays and
have cracks 5 mm or morewide, slickensides, wedge-shaped
aggregates, or alinear extensibility of 6.0 cm or more between
the mineral soil surface and either adepth of 100 cmor a
densic, lithic, or paralithic contact, whichever is shallower.
These soils a so have chroma of more than 2 in more than 40
percent of the mass between the bottom of the A or Ap horizon
and adepth of 75 cm. Most commonly, the chromain the
matrix of theargillic horizonis3 or more. These soilsare
permitted, but not required, to have upper horizons that have a
color value of 3 or less, moist, and 5 or less, dry, or have these
colors after mixing to adepth of 15 cm. The period of

saturation with water in these soils is shorter than the one
characteristic of Typic Albaqualfs. Aeric Vertic Albaqualfsare
considered to be transitional to Uderts and are not extensivein
the United States.

Aquandic Albaqualfs—Thesesoilsarelike Typic Albagualfs,
but they have a surface mantle or layer in the upper 75 cm that
has both alow bulk density and a high content of weakly
crystalline minerals or that consists of dightly or moderately
weathered pyroclastic materials. These soils are not known to
occur in the United States.

Arenic Albaqualfs—Arenic Albaqualfs 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 cm or more below the mineral soil surface. They
may have chroma of more than 2 in more than 40 percent of
the mass between the A or Ap horizon and a depth of 75 cm.
They may aso either have an Ap horizon in which the color
value, moist, is less than 4 and the value, dry, is less than 6
after the soils have been crushed and smoothed or, if not
disturbed, have these colors to a depth of 18 cm, after mixing.
These soils are not extensive. They are most common in
Florida

Chromic Vertic Albaqualfs—These soils are like Typic
Albagualfs, but they are high in content of expanding clays and
have cracks 5 mm or more wide, dlickensides, wedge-shaped
aggregates, or 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.
These soils are one kind of intergrade between Albagualfs and
Aquerts. Chromic Vertic Albaqualfs are not extensive.

Mollic Albaqualfs—These soils are like Typic Albaqualfs,
but they have either a mollic epipedon or an Ap horizon that
meets all of the requirements for a mollic epipedon except
thickness or have materials between the soil surface and a
depth of 18 cm that meet these requirements after mixing.
Many of these soils had a prairie vegetation before they were
cultivated. Mallic Albaqualfs are intergrades between
Albagualfs and Argialbolls or Argiaquolls. They are nearly
level and cannot be easily drained. They are most extensive in
Florida and are rare elsewhere in the United States. Most of
them are cultivated.

Udallic Albaqualfs—These soilsarelike Typic Albagqualfs,
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but they have either amollic epipedon or an Ap horizon that
meetsall of the requirementsfor amollic epipedon except
thickness or have materials between the soil surface and a
depth of 18 cm that meet these requirements after mixing.
These soils a so have chroma of more than 2 in more than 40
percent of the mass between the bottom of the A or Ap horizon
and adepth of 75 cm. Most commonly, the chromain the
matrix of theargillic horizonis 3 or more. The period of
saturation with water in these soils is shorter than the one
characteristic of Typic Albaqualfs. Udollic Albagualfsare
intergrades between Albaqualfs and Argiudolls and are of
very small extent in the United States.

Umbric Albaqualfs—Thesesoilsarelike Typic
Albagualfs, but they have either an umbric epipedon or an Ap
horizon that meetsall of the requirementsfor an umbric
epipedon except thickness or have material s between the soil
surface and a depth of 18 cm that meet these requirements after
mixing. They are nearly level and cannot be easily drained.
They are most common in Floridaand arerare elsewherein the
United States.

Vertic Albaqualfs—These soilsarelike Typic Albagqualfs,
but they are high in content of expanding clays and have
cracks 5 mm or more wide, slickensides, wedge-shaped
aggregates, or 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.
They also have upper horizons that have a color value of 3 or
less, moist, and 5 or less, dry, or have these colors after mixing
to a depth of 15 cm. These soils are one kind of intergrade
between Albaqualfs and Aquerts. Vertic Albaqualfs are mostly
in the central part of the United States and are common in
parts of Illinois and Missouri. Their slopes are gentle. Most of
these soils have been cleared and are used as cropland. Some of
the soils are used as woodland or pasture.

Cryaqualfs

Cryaqualfs are the Aqualfsthat have a cryic or isofrigid
temperature regime. These soils are not known to occur in the
United States. The group has been proposed for other
countries, but definitions of subgroups have not been
suggested.

Key to Subgroups

JAAA. All Cryagqualfs (provisionally).
TypicCryaqualfs

Duraqualfs

Duragualfs are the Aqualfs that have a duripan and afrigid,
mesic, isomesic, or warmer temperature regime. These soils
have no horizon at a depth between 30 and 150 cm from the
mineral soil surface in which plinthite either forms a
continuous phase or constitutes one-half or more of the volume.
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Duragualfs are not known to occur in the United States. The
group has been proposed for other countries, but definitions of
subgroups have not been suggested.

Keyto Subgroups

JACA. All Duraguafs(provisionally).
TypicDuraqualfs

Endoaqualfs

Endoagualfs are the Aqualfs that have an epipedon that rests
on an argillic horizon without an abrupt textural change
if the argillic horizon has moderately low or lower saturated
hydraulic conductivity. These soils do not have a kandic
horizon, a natric horizon, a fragipan, or a duripan. The soil
temperature regime is frigid, isomesic, mesic, or warmer.
Endoagualfs have no horizon at a depth between 30 and 150
cm from the mineral soil surface in which plinthite either
forms a continuous phase or constitutes one-half or more of
the volume. Recognizable bioturbation, such as filled animal
burrows, wormholes, or casts, is less than 50 percent (by
volume) in al layers at least 25 cm thick (cumulative)
within 100 cm of the mineral soil surface. Endoaqualfs
are characterized by endoaquic saturation. The ground
water fluctuates from alevel near the soil surface to below
the argillic horizon and is sometimes below a depth of
200 cm.

Before cultivation, most Endoaqualfs supported either a
deciduous broadleaf or a coniferous forest. Generally,
Endoagualfs are nearly level, and their parent materials are
typically late-Pleistocene sediments.

Definition
Endoagualfs are the Aqualfs that:

1. Have endosaturation and a frigid, mesic, isomesic, or
warmer soil temperature regime; and

2. Do not have aglossic, kandic, or natric horizon or a
duripan; and

3. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface; and

4. Do not have an abrupt textural change between the albic
and argillic horizons if the saturated hydraulic conductivity of
the argillic horizon is moderately low or lower; and

5. Do not have one or more layers, at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface, that
have 50 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts; and

6. Have, in all horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite.
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Keyto Subgroups

JAKA. Endoaguafsthat have, throughout one or more
horizons with atotal thickness of 18 cm 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
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus 2 Fe percentages (by ammonium oxalate) totaling
more than 1.0; or

2. Morethan 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Endoaqualfs

JAKB. Other Endoaqualfs that have both of the following:
1. Oneor both:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. An Ap horizon or materials between the mineral soil
surface and a depth of 18 cm that, after mixing, have one or
more of the following:

a. A color value, moist, of 4 or more; or
b. A color value, dry, of 6 or more; or
c. Chromaof 4 or more.
Chromic Vertic Endoaqualfs
JAKC. Other Endoaqualfs that have one or both of the
following:

1. Crackswithin 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 normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
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that hasits 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 Endoaqualfs

JAKD. Other Endoaqualfs that have:
1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm
or more thick; and

2. Inone 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. Hueof 7.5YR or redder in 50 percent or more of the
matrix; and

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

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

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

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

(2) Chromaof 2 or moreif there are no redox
concentrations.
Aeric Fragic Endoaqualfs

JAKE. Other Endoaqualfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Endoaqualfs

JAKF. Other Endoaqualfs that have a sandy or sandy-skel etal
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 below the mineral soil surface.

Arenic Endoaqualfs

JAKG. Other Endoagualfsthat have a sandy or sandy-
skeletal particle-size classthroughout alayer extending from
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the mineral soil surfaceto thetop of an argillic horizon at a depth
of 100 cm or more below the mineral soil surface.
Grossarenic Endoaqualfs

JAKH. Other Endoaqualfs that have both:

1. A mollic epipedon, an Ap horizon that meets all of 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. Inone 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. Hueof 7.5YR or redder in 50 percent or more of the
matrix; and

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

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

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

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more; or

(2) Chromaof 2 or moreif there are no redox
concentrations.
Udollic Endoaqualfs

JAKI. Other Endoaqualfs that have both:

1. Anumbric epipedon, an Ap horizon that meets al of
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; and

2. Inone 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. Hueof 7.5YR or redder in 50 percent or more of the
matrix; and

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

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

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

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more; or
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(2) Chromaof 2 or moreif thereare no redox
concentrations.
Aeric Umbric Endoaqualfs

JAKJ. 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. Hueof 7.5YR or redder; and

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

b. If pedsare absent, chroma of 2 or more (both moist
and dry); or

2. Hueof 10YR or yellower and either:

a. Both acolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or

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

JAKK. Other Endoaqualfs that have a mollic epipedon, an
Ap horizon that meets all of 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 Endoaqualfs

JAKL. Other Endoagualfs that have an umbric epipedon, an
Ap horizon that meets all of the requirements for an umbric
epipedon except thickness, or material s between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Umbric Endoaqualfs

JAKM. Other Endoagualfs.
Typic Endoaqualfs

Definition of Typic Endoaqualfs
Typic Endoaqualfs are the Endoaqualfs that:

1. Do not have, in any 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: either

a Hueof 7.5YR or redder; and

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

b. Hueof 10YR or yellower and either:

(1) Bothacolor vaueof 3 or more (moist) and chromaof
3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and no
redox concentrations;

2. Do not have, throughout one or more horizons with a total
thickness of 18 cm or more within 75 cm of the mineral soil
surface, any of the following:

a. A fine-earth fraction with both a bulk density of 1.0
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus 2 Fe percentages (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 is cinders,
pumice, and pumicelike fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

3. Do not have either:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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;

4. Do not have amollic or umbric epipedon, an Ap horizon
that meets all of the requirements for a mollic or umbric
epipedon except thickness, or materials between the mineral
soil surface and a depth of 18 cm that meet these requirements
after mixing;

5. Do not 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 cm or more;

6. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

Soil Taxonomy

b. Inlessthan 60 percent of the volume of all layers15cm
or more thick.

Description of Subgroups

Typic Endoaqualfs.—The Typic subgroup of Endoaqualfs
is fixed on soils that have dominantly low chroma throughout
the upper part to a depth of 75 cm or more; that have relatively
high color value in the plow layer, too high for a mollic or
umbric epipedon; that do not have athick epipedon with a
sandy or sandy-skeletal particle-size class throughout; and that
do not have slickensides, wedge-shaped aggregates, a high
linear extensibility, or wide cracks. Chroma of 3 or more, if
dominant in the horizons directly below the A or Ap horizon,
indicates saturation with water for only short periods and is a
defining feature for Aeric Endoaqualfs and other subgroups
that intergrade to freely drained soils.

Soils with a mollic or umbric epipedon, or an Ap horizon
and similar upper horizons that, when mixed, have the color of
amollic or umbric epipedon, are associated in some parts of
the United States with a native prairie vegetation. Horizons
with such colors are used to define intergrades to Mollisols and
to define Umbric extragrades. Soils that have slickensides,
wedge-shaped aggregates, a high linear extensibility, or wide
cracks are assigned to Vertic or combination Vertic subgroups
because these properties are shared with Vertisols. Soils that
have fragic soil properties in a significant volume are assigned
to Fragic or combination Fragic subgroups because these
properties are shared with Fragiagualfs and Fragiudalfs. Typic
Endoagualfs do not have a surface mantle or layer in the upper
75 cm that has both alow bulk density and a high content of
weakly crystalline minerals or that consists of dightly or
moderately weathered pyroclastic materials because these
properties are shared with Andisols. A thick layer of sand or
loamy sand, starting at the mineral soil surface, is the basis for
defining the Arenic and Grossarenic subgroups. Typic
Endoagualfs are moderately extensive. They are not extensive
in any one State but occur throughout a large part of the
Eastern United States and in Oregon and Washington. These
soils are nearly level. Most have been cleared and are used as
cropland, but some are used as pasture or are in forests.

Aeric Endoaqualfs.—Below the A or Ap horizon, these
soils have chroma that is too high for the Typic subgroup, but
they are otherwise like Typic Endoaqualfs in their defined
properties and in most other properties. The high chroma
commonly occurs in the matrix of the pedsin the argillic
horizon. Aeric Endoaqualfs are moderately extensive in the
north-central part of the United States, which was covered by
Wisconsinan glaciers and their valley trains. Nearly al of the
soils have been cleared and are used as cropland.

Aeric Fragic Endoaqualfs—These soils have fragic soil
properties in a significant volume but do not have a fragipan
unless it has its upper boundary at a depth of more than 100
cm below the mineral soil surface. Below the A or Ap horizon,
these soils have chromathat is too high for the Typic subgroup.
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The high chroma commonly occursin the matrix of the pedsin
the argillic horizon. The soils are otherwise like Typic
Endoagualfs in their defined properties and in most other
properties. Aeric Fragic Endoaqualfs are rare in the United
States.

Aeric Umbric Endoaqualfs—These soils have an umbric
epipedon or a surface horizon that meets al of the
requirements for an umbric epipedon except thickness. Below
the A or Ap horizon, these soils have chroma that is too high
for the Typic subgroup. The high chroma commonly occursin
the matrix of the peds in the argillic horizon. The soils are
otherwise like Typic Endoaqualfs in their defined properties
and in most other properties. Aeric Umbric Endoaqualfs are
rare in the United States.

Aquandic Endoaqualfs—These soils are like Typic
Endoagualfs, but they have a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic materials. These
soils are rare in the United States and are known to occur only
in the Pacific Northwest. They are in forests or have been
cleared and are used as cropland or pasture.

Arenic Endoaqualfs—These soils 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 below the mineral soil surface. The
upper part of the argillic horizon or the lower part of the
epipedon is permitted to have, in 50 percent or more of the
matrix, chroma that is too high for Typic Endoaqualfs. Arenic
Endoagualfs may also have either 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, if undisturbed, materials
between the soil surface and a depth of 18 cm that have these
colors after mixing. These soils are otherwise like those of the
Typic subgroup in their defined properties, but their argillic
horizon generally is sandier than that of the Typic
Endoagualfs. In the United States, Arenic Endoaqualfs occur
principally in Florida. Many have been cleared and drained
and are used as cropland.

Chromic Vertic Endoaqualfs—These soils are like Typic
Endoagualfs, but they are high in content of expanding clays
and have cracks 5 mm or more wide, slickensides, wedge-
shaped aggregates, or a high linear extensibility. These soils
may also have a somewhat higher chroma in the upper part of
the argillic horizon than Typic Endoagualfs. Chromic Vertic
Endoagualfs are rare in the United States.

Fragic Endoaqualfs.—These soils have fragic soil
properties in a significant volume but do not have a fragipan
unless it has its upper boundary at a depth of more than 100
cm below the mineral soil surface. The soils are otherwise like
Typic Endoaqualfs in their defined properties and in most other
properties. Fragic Endoagualfs are rare in the United States.

Grossarenic Endoaqualfs—The sandy or sandy-skeletal
layer is thicker in these soils than in Arenic Endoaqualfs.
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Grossarenic Endoaqualfs are not known to occur in the United
States.

Mollic Endoaqualfs—These soils have a mollic epipedon
or a surface horizon that meets all of the requirements for a
mollic epipedon except thickness but have a base saturation of
less than 50 percent (by NH,OAc) in some part of the argillic
horizon. In the United States, the dark colored surface horizon
generaly istoo thin to be a mollic epipedon. These soils are
intergrades between Endoagualfs and Argiaquolls. They are
extensive in the glaciated parts of the United States. Most of
them have been cleared and drained and are used as cropland.

Udollic Endoaqualfs—These soils are like Typic
Endoaqualfs, but they have chroma in the upper part of the
argillic horizon that is too high for the Typic subgroup and
have a mollic epipedon or a surface horizon that meets all of
the requirements for a mollic epipedon except thickness. The
high chroma commonly occurs in the matrix of the pedsin the
argillic horizon. Udollic Endoaqualfs are widely scattered in
the glaciated parts of the United States, particularly in the
north-central region. Most of them have been cleared and
drained and are used as cropland.

Umbric Endoaqualfs—These soils are like Typic
Endoagualfs, but they have an umbric epipedon or a surface
horizon that meets all of the requirements for an umbric
epipedon except thickness. These soils are rare in the United
States.

Vertic Endoaqualfs—These soilsarelike Typic
Endoagualfs, but they are high in content of expanding clays
and have cracks 5 mm or morewide, dlickensides, wedge-
shaped aggregates, or ahigh linear extensibility. In addition,
because Vertisols can have amollic epipedon, the soilsin this
subgroup may have either an Ap horizon with acolor value,
moist, of 3 or lessand acolor value, dry, of 5or lessor, if
undisturbed, materials between the mineral soil surfaceand a
depth of 18 cm that have these color values after mixing. A
mollic epipedon ispermitted if some subhorizon of theargillic
horizon has a base saturation of less than 50 percent (by
NH,OAc). Vertic Endoagualfs may also have asomewhat higher
chromathan Typic Endoaqualfs.

Epiaqualfs

Epiagualfs are the Aqualfs that have an epipedon that rests
on an argillic horizon without an abrupt textural change if the
argillic horizon has low saturated hydraulic conductivity. These
soils do not have a kandic horizon, a natric horizon, a
fragipan, or a duripan. The soil temperature regime is frigid,
isomesic, mesic, or warmer. The soils have no horizon at a
depth between 30 and 150 cm from the mineral soil surface in
which plinthite either forms a continuous phase or constitutes
one-half or more of the volume. Recognizable bioturbation,
such asfilled animal burrows, wormholes, or casts, is less than
50 percent (by volume) in al layers at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface. The
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soils have epiaquic saturation during some part of the year.
Ground water iscommonly perched on horizons bel ow the
argillic horizon. It fluctuates from alevel near the soil surfaceto
below the argillic horizon and sometimesis not evident.

Before cultivation, most Epiaqualfs supported either a
deciduous broadleaf or a coniferous forest. Generally,
Epiagualfs are nearly level, and their parent materials are
typically late-Pleistocene sediments.

Definition
Epiagualfs are the Aqualfs that:

1. Have episaturation and afrigid, mesic, isomesic, or
warmer temperature regime;

2. Do not have aglossic, kandic, or natric horizon or a
duripan;

3. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface;

4. Do not have an abrupt textural change between the albic
and argillic horizons if the saturated hydraulic conductivity of
the argillic horizon is moderately low or lower;

5. Do not have one or more layers, at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface, that
have 50 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts; and

6. Have, in all horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite.

Key to Subgroups
JAJA. Epiaqualfsthat have all of the following:
1. Oneor 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 normal 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. Inone 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 Hueof 7.5YR or redder; and

Soil Taxonomy

(1) If pedsarepresent, chromaof 2 or more (both
moist and dry) on 50 percent or more of ped exteriors or
no redox depletionswith chromaof 2 or less (both
moist and dry) in ped interiors; or

(2) If peds are absent, chroma of 2 or more (both
moist and dry); or

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and
no redox concentrations; and

3. An Ap horizon or materials between the mineral soil
surface and a depth of 18 cm that, after mixing, have one or
more of the following:

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

c. Chromaof 4 or more.
Aeric Chromic Vertic Epiaqualfs

JAJB. Other Epiaqualfs that have both of the following:
1. Oneor 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 normal 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. Inone 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 Hueof 7.5YR or redder; and

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

(2) If peds are absent, chroma of 2 or more (both
moist and dry); or

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or
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(2) Chromaof 2 or more (both moist and dry) and no
redox concentrations.
AericVerticEpiaqualfs

JAJC. Other Epiaqualfs that have both of the following:
1. Oneor both:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. An Ap horizon or materials between the mineral soil
surface and a depth of 18 cm that, after mixing, have one or
more of the following:

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

c. Chromaof 4 or more.
Chromic Vertic Epiaqualfs

JAJD. Other Epiagualfs that have one or both of the
following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Epiaqualfs

JAJE. Other Epiagualfs that have, throughout one or more
horizons with atotal thickness of 18 cm 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
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus ¥/2 Fe percentages (by ammonium oxalate) totaling
more than 1.0; or

2. Morethan 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments; or
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3. Afine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

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

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Epiaqualfs

JAJF. Other Epiaqualfs that have:
1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm
or more thick; and

2. Inone 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 Hueof 7.5YR or redder; and

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

(2) If peds are absent, chroma of 2 or more (both
moist and dry); or

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

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

JAJG. Other Epiagualfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Epiaqualfs

JAJH. Other Epiagualfs 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 below the mineral soil surface.

Arenic Epiaqualfs
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JAJI. Other Epiaqualfs 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 below the mineral soil surface.

Grossarenic Epiaqualfs

JAJ). Other Epiaqualfs that have:

1. Anumbric epipedon, an Ap horizon that meets all of
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; and

2. Inone 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 Hueof 7.5YR or redder; and

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

(2) If peds are absent, chroma of 2 or more (both
moist and dry); or

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

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

JAJK. Other Epiaqualfs that have both:

1. A mollic epipedon, an Ap horizon that meets all of 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 75 cm
below the mineral soil surface, one or a combination of the
following colors:

a Hueof 7.5YR or redder; and

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

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

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more; or

Soil Taxonomy

(2) Chromaof 2 or moreif thereare no redox
concentrations.
Udoallic Epiaqualfs

JAJL. Other Epiagualfs 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. Hueof 7.5YR or redder; and

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

b. If pedsare absent, chroma of 2 or more (both moist
and dry); or

2. Hueof 10YR or yellower and either:

a. Both acolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or

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

JAIM. Other Epiaqualfs that have a mollic epipedon, an Ap
horizon that meets all of 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

JAIN. Other Epiagualfs that have an umbric epipedon, an Ap
horizon that meets all of 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 Epiaqualfs

JAJO. Other Epiaqualfs.
Typic Epiaqualfs

Definition of Typic Epiaqualfs
Typic Epiagualfs are the Epiaqualfs that:

1. Do not have, in any 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: either

a Hueof 7.5YR or redder; and

(1) If peds are present, either chroma of 2 or more
on 50 percent or more of ped exteriors or no redox
depletions with chroma of 2 or lessin ped interiors;
or
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(2) If pedsareabsent, chromaof 2 or morein 50 percent
or more of the matrix; or

b. Hueof 10YR or yellower and either:

(1) Bothacolor valueof 3 or more (moist) and chromaof
3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and no
redox concentrations;

2. Do not have, throughout one or more horizons with a total
thickness of 18 cm or more within 75 cm of the mineral soil
surface, any of the following:

a. A fine-earth fraction with both a bulk density of 1.0
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus ¥/2 Fe percentages (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 is cinders,
pumice, and pumicelike fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plusY2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

3. Do not have a mollic or umbric epipedon, an Ap horizon
that meets all of the requirements for a mollic or umbric
epipedon except thickness, or materials between the mineral
soil surface and a depth of 18 cm that meet these requirements
after mixing;

4. Do not 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 cm or more;

5. Do not have either:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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

6. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
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or morethick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers15cm
or more thick.

Description of Subgroups

Typic Epiaqualfs—The central concept or Typic subgroup
of Epiagualfsisfixed on soils that (1) have dominantly low
chroma between the A or Ap horizon and a depth of 75 cm or
more from the mineral soil surface; (2) have a lighter color
value, moist, in the plow layer, or in comparable horizons if
undisturbed, than in a mollic epipedon; and (3) do not have a
thick epipedon with a sandy or sandy-skeletal particle-size
class throughout. In addition, the soils have no surface mantle
affected by pyroclastic materials, have no cracks and
dlickensides or wedge-shaped aggregates, and do not have a
linear extensibility of 6.0 cm or more to a depth of 100 cm
from the mineral soil surface.

Chroma higher than that of Typic Epiaqualfsis
characteristic of soils that are saturated for shorter periods and
serves to define intergrades to freely drained soils. Soils that
have dlickensides, wedge-shaped aggregates, a high linear
extensibility, or wide cracks are assigned to Vertic or
combination Vertic subgroups because these properties are
shared with Vertisols. Soils that have fragic soil propertiesin a
significant volume are assigned to Fragic or combination
Fragic subgroups because these properties are shared with
Fragiaqualfs and Fragiudalfs. Typic Epiaqualfs do not have a
surface mantle or layer in the upper 75 cm that has both a low
bulk density and a high content of weakly crystalline minerals
or that consists of slightly or moderately weathered pyroclastic
materials because these properties are shared with Andisols.
Color values, moist, of 2 or 3in aplow layer indicate a higher-
than-normal content of organic matter and form the basis for
defining intergrades to other great groups. A thick layer of
sand or loamy sand, starting at the mineral soil surface, isthe
basis for defining the Arenic subgroup. Typic Epiagualfs are
moderately extensive. They are not extensive in any one State
but occur throughout a large part of the Eastern United States
and in California and Texas. These soils are nearly level. Most
have been cleared and are used as cropland, but some are used
as pasture or are in forests.

Aeric Chromic Vertic Epiaqualfs—These soils are like
Typic Epiagualfs, but they are high in content of expanding
clays and have cracks 5 mm or more wide, slickensides,
wedge-shaped aggregates, or a high linear extensibility. Below
the A or Ap horizon, they have higher chroma than that in
Typic Epiagualfs. The high chroma commonly occurs in the
matrix of the peds in the argillic horizon. Aeric Chromic Vertic
Epiagualfs are rare in the United States.

Aeric Epiaqualfs—Below the A or Ap horizon, these soils
have chromathat is too high for the Typic subgroup, but they
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areotherwiselike Typic Epiagualfsin their defined properties
and in most other properties. The high chroma commonly
occurs in the matrix of the peds in the argillic horizon. In the
United States, Aeric Epiaqualfs are extensive in the north-
central region, which was covered by Wisconsinan glaciers, but
are of small extent elsewhere. Nearly all have been cleared and
are used as cropland, but some are used as pasture or are in
forests.

Aeric Fragic Epiaqualfs—These soils have fragic soil
properties in a significant volume but do not have a fragipan
unless it has its upper boundary at a depth of more than 100
cm below the mineral soil surface. Below the A or Ap horizon,
these soils have chromathat is too high for the Typic subgroup.
The high chroma commonly occurs in the matrix of the pedsin
the argillic horizon. The soils are otherwise like Typic
Epiagualfs in their defined properties and in most other
properties. Aeric Fragic Epiagualfs are rare in the United
States.

Aeric Umbric Epiaqualfs—These soils have an umbric
epipedon or a surface horizon that meets al of the
requirements for an umbric epipedon except thickness. Below
the A or Ap horizon, these soils have chroma that is too high
for the Typic subgroup. The high chroma commonly occursin
the matrix of the peds in the argillic horizon. The soils are
otherwise like Typic Epiaqualfs in their defined properties and
in most other properties. Aeric Umbric Epiaqualfs are rare in
the United States.

Aeric Vertic Epiaqualfs—These soils are like Typic
Epiagualfs, but they are high in content of expanding clays and
have cracks 5 mm or more wide, dlickensides, wedge-shaped
aggregates, or a high linear extensibility. Below the A or Ap
horizon, these soils have chromathat is too high for the Typic
subgroup. The high chroma commonly occurs in the matrix of
the peds in the argillic horizon. Aeric Vertic Epiaqualfs are
rare in the United States.

Aquandic Epiaqualfs—These soils are like Typic
Epiagualfs, but they have a surface mantle or layer in the upper
75 cm that has both alow bulk density and a high content of
weakly crystalline minerals or that consists of dightly or
moderately weathered pyroclastic materials. These soils are
rare in the United States and are known to occur only in the
Pacific Northwest. They are in forests or have been cleared and
are used as cropland or pasture.

Arenic Epiaqualfs—These soils 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 below the mineral soil surface. The
upper part of the argillic horizon or the lower part of the
epipedon is permitted to have, in 50 percent or more of the
matrix, chromathat is too high for Typic Epiaqualfs. Arenic
Epiagualfs may also have either 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, if undisturbed, materials
between the soil surface and a depth of 18 cm that have these
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colors after mixing. These soils are otherwise like those of the
Typic subgroup in their defined properties. They are of small
extent in the United States and occur principally in Minnesota.

Chromic Vertic Epiaqualfs—These soils are like Typic
Epiaqualfs, but they are high in content of expanding clays and
have cracks 5 mm or more wide, dlickensides, wedge-shaped
aggregates, or a high linear extensibility. In the upper part of
the argillic horizon, they may also have somewhat higher
chroma than that in Typic Epiaqualfs. Chromic Vertic
Epiagualfs are rare in the United States.

Fragic Epiaqualfs—These soils have fragic soil properties
in a significant volume but do not have a fragipan unless it has
its upper boundary at a depth of more than 100 cm below the
mineral soil surface. The soils are otherwise like Typic
Epiagualfs in their defined properties and in most other
properties. Fragic Epiaqualfs are rare in the United States.

Grossar enic Epiaqualfs—These soils 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 below the mineral soil surface.
These soils are not known to occur in the United States.

Mollic Epiaqualfs—These soils have a mollic epipedon or
a surface horizon that meets all of the requirements for a
mollic epipedon except thickness. Soils with a mollic epipedon
have a base saturation of less than 50 percent (by NH,OAc) in
some part of the argillic horizon. In the United States, the dark
colored surface horizon of these soils generally is too thin to be
amollic epipedon. These soils are intergrades between
Epiagualfs and Argiaquolls. They are moderately extensive in
the Great Lakes region of the United States. Most of them have
been cleared and drained and are used as cropland, but some
are used as pasture or are in forests.

Udoallic Epiaqualfs—These soils are like Typic Epiaqualfs,
but they have (1) in 50 percent or more of the matrix of some
horizon between the A or Ap horizon and a depth of 75 cm
from the mineral soil surface, chromathat is too high for Typic
Epiagualfs, and (2) either a mollic epipedon or a surface
horizon that meets all of the requirements for a mollic
epipedon except thickness. A mollic epipedon is permitted in
this subgroup only if the base saturation in some part of the
argillic horizon is less than 50 percent (by NH,OAc).

Udollic Epiagualfs are moderately extensive in the Great
Lakes region of the United States. Most of them have been
cleared and drained and are used as cropland, but some are
used as pasture or are in forests.

Umbric Epiaqualfs—These soils are like Typic Epiaqualfs,
but they have either an umbric epipedon, an Ap horizon that
meets al of 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. These soils
arerare in the United States.

Vertic Epiaqualfs—These soils are like Typic Epiagualfs,
but they are high in content of expanding clays and have
cracks 5 mm or more wide, slickensides, wedge-shaped
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aggregates, or ahigh linear extensibility. In addition, because
Typic Vertisols have a dark colored epipedon, Vertic Epiaqualfs
have either an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less or, if undisturbed,
materials between the mineral soil surface and a depth of 18
cm that have these color values after mixing. A mollic
epipedon is permitted if some subhorizon of the argillic

horizon has a base saturation of less than 50 percent (by
NH,OAc).

Vertic Epiagualfsare moderately extensive. They are most
extensive in the Midwest but occur throughout a large part of
the Eastern United States. These soils are nearly level. Most
have been cleared and are used as cropland, but some are used
as pasture or arein forests.

Fragiaqualfs

Fragiagualfs are the Aqualfsthat have afragipan within 100
cm of the mineral soil surface. Most of them have ground water
that is perched above a fragipan at some period and saturates
the soils at another period. These soils have no duripan or
natric horizon and do not have plinthite that forms a
continuous phase or constitutes more than one-half of the
matrix within some subhorizon at a depth between 30 and 150
cm from the soil surface. The soil temperature regime is frigid,
isomesic, mesic, or warmer. In the United States, the soils
generaly have frigid to thermic temperature regimes. In
normal years, the albic horizon generally does not become dry,
but the ground water drops below the base of the fragipan
during summer and the soil moisture content is below field
capacity at some period. Most Fragiaqualfs in the United States
formed in Wisconsinan deposits of late-Pleistocene age and had
abroadleaf deciduous forest vegetation before they were
cultivated. Most of the soils are nearly level. Fragiaqualfs as a
group have lower base saturation than other Aqualfs.

Definition
Fragiagualfs are the Aqualfs that:

1. Have afragipan with an upper boundary within 100 cm of
the mineral soil surface;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Have no duripan or natric horizon;

4. Have, in al horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite.

Key to Subgroups

JAEA. Fragiaqualfsthat have one or morelayers, at least 25
cm thick (cumulative) within 100 cm of the mineral soil
surface, that have 25 percent or more (by volume) recognizable

181

bioturbation, such asfilled animal burrows, wormholes, or
casts.
Vermic Fragiaqualfs

JAEB. Other Fragiaqualfs that have, between the A or Ap
horizon and a fragipan, a horizon with 50 percent or more
chromaof 3 or more if hue is 10YR or redder or of 4 or more if
hueis 2.5Y or yellower.

Aeric Fragiaqualfs

JAEC. Other Fragiaqualfs that have 5 percent or more (by
volume) plinthite in one or more horizons within 150 cm of the
mineral soil surface.

Plinthic Fragiaqualfs

JAED. Other Fragiagualfs 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 that have these color values
after mixing.

Humic Fragiaqualfs

JAEE. Other Fragiagualfs.
Typic Fragiaqualfs

Definition of Typic Fragiaqualfs
Typic Fragiaqualfs are the Fragiaqualfs that:

1. Have, inall horizons between the A or Ap horizon and
the fragipan, more than 50 percent chroma of 2 or less if
hueis 10YR or redder or of 3 or lessif hueis2.5Y or
yellower;

2. Havelessthan 5 percent (by volume) plinthite in all
subhorizons within 150 cm of the mineral soil surface;

3. Have an Ap horizon that has either or both a color value,
moist, of 4 or more or a color value, dry, of 6 or more after the
soil has been crushed and smoothed or have these color values
in the upper 18 cm after mixing; and

4. Do not have one or more layers, at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface, that
have 25 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts.

Description of Subgroups

Typic Fragiaqualfs—The central concept or Typic
subgroup of Fragiagualfsisfixed on soils that have dominantly
low chromain al horizons between the fragipan and the plow
layer, if one occurs, and that have a color value in the plow
layer that islighter than that of an umbric epipedon. Typic
Fragiagualfs have lessthan 5 percent (by volume) plinthitein
all subhorizonswithin 150 cm of themineral soil surfaceand
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have less than 25 percent (by volume) recognizabl e bioturbation,
such asfilled animal burrows, wormholes, or casts, in all
subhorizonsat least 25 cm thick (cumulative) within 100 cm of
the mineral soil surface. These soilsare nearly level and are
saturated for long periods in winter and early spring. Most Typic
Fragiagualfsin the United States arein the Central and
Northeastern States. Typic Fragiaqualfs are of moderate extent.
Most of them have been cleared and are used as cropland.
Artificial drainageisdifficult, however, and some of the soilsare
used as pasture or are in forests.

AericFragiaqualfs—These soilsarelike Typic Fragiaqualfs,
but, in some subhorizon between the A or Ap horizon and the
fragipan, they have chromaof 3 or moreif hueis10Y R or redder
or chromaof 4 or moreif hueis2.5Y or yellower. The period of
saturation with water in these soils is shorter than that in the
Typic subgroup. In most areas the slope is slightly greater in
areas of Aeric Fragiaqualfsthan in areas of Typic Fragiagualfs.
Aeric Fragiagualfs are considered intergrades between
Fragiaqualfsand Fragiudalfs.

Aeric Fragiagualfs generally are steep enough for water to
run off the surface rather than stand on the surface. They are
extensive locally in the glaciated areas of the north-central
region of the United States but are rare elsewhere in the United
States. Most Aeric Fragiaqualfs in the United States have been
cleared and are used as cropland, but some are used as pasture
or are in forests.

Plinthic Fragiaqualfs—These soils have 5 percent or more
(by volume) plinthite in one or more horizons within 150 cm of
the mineral soil surface. These soils are not known to occur in
the United States.

Humic Fragiaqualfs—These soils have a mollic or umbric
epipedon or a plow layer or A horizon that meets all of the
requirements for a mollic or umbric epipedon except thickness.
These soils are known to occur only in Missouri. They had a
prairie vegetation before they were cultivated. Most of them are
now used as cropland.

Vermic Fragiaqualfs—These soilshave one or more
layers, at least 25 cmthick (cumulative) within 100 cm of the
mineral soil surface, that have 25 percent or more (by volume)
recognizable bioturbation, such asfilled animal burrows,
wormholes, or casts. These soils are known to occur only in
Texas.

Glossaqualfs

Glossaquafs are the Aqualfsthat have afrigid, mesic,
isomesic, or warmer temperature regime and have a glossic
horizon. These soils do not have a fragipan, a duripan, a
kandic horizon, or a natric horizon. Plinthite constitutes less
than one-half of the volume of the matrix in all subhorizons at
a depth between 30 and 150 cm from the soil surface. The
glossic horizon is interpreted as evidence that the argillic
horizon has been partly destroyed. Tubular intrusions of albic
materials into the argillic horizon may be formed by filling of
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burrows made by crayfish or of traces of taproots. Light colored
krotovinas or filled root channels should be considered albic
materials only if they have no fine stratifications and no
lamellag, if al sealing along krotovina walls has been
destroyed, and if these intrusions have, after deposition, been
leached of some free iron oxides and/or clay.

Characterigtically, these soils have the most humid climates
of the Alfisols and the most water passing through the profile
and have arelatively low base saturation for soils of this order.
Before the soils were cultivated, the vegetation was mostly
deciduous hardwood forest. The parent materials are largely
basic or calcareous sediments of |ate-Pleistocene age. Slopes
are nearly level or concave.

Glossagualfs are mostly in the most northern and southern
parts of the range of Aqualfs. They generally are in the Great
Lakes area and on the gulf coast. A few are in the Pacific
Northwest. Except where the temperature regime is frigid,
most of these soils have been drained and are used for
cultivated crops.

Definition
Glossaqualfs are the Aqualfs that:
1. Haveadglossic horizon;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Have, in al horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite;

4. Do not have a fragipan, a duripan, a kandic horizon, or a
natric horizon;

5. Do not have one or more layers, at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface, that
have 50 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts;

6. Do not have both an abrupt textural change between the
ochric epipedon or albic horizon and the argillic horizon and a
moderately low or lower saturated hydraulic conductivity in the
argillic horizon.

Key to Subgroups

JAIA. Glossaqualfs that have a histic epipedon.
Histic Glossaqualfs

JAIB. Other Glossagqualfs 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 cm or more below the mineral soil surface.

Arenic Glossaqualfs

JAIC. Other Glossaqualfs that have:
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1. Fragicsoil properties:

a.  In30 percent or more of thevolume of alayer 15cmor
more thick that hasits upper boundary within 100 cm of
themineral soil surface; or

b. In60 percent or more of the volume of alayer 15 cm or
morethick; and

2. Inoneor 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. Hueof 7.5YR or redder in 50 percent or more of the
matrix; and

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

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

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

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

(2) Chromaof 2 or moreif there are no redox
concentrations.
Aeric Fragic Glossaqualfs

JAID. Other Glossagualfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Glossaqualfs

JAIE. Other Glossaqualfs 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. Hueof 7.5YR or redder; and

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

b. If pedsare absent, chroma of 2 or more (both moist
and dry); or

2. Hueof 10YR or yellower and either:

a. Both acolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or
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b. Chromaof 2 or more (both moist and dry) and no
redox concentrations.
Aeric Glossaqualfs

JAIF. Other Glossagualfs that have a mollic epipedon, an Ap
horizon that meets all of 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 Glossaqualfs

JAIG. Other Glossaqualfs.
Typic Glossaqualfs
Definition of Typic Glossaqualfs
Typic Glossaqualfs are the Glossaqual fs that:
1. Do not have a histic epipedon;

2. Do not have, in any 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: either

a Hueof 7.5YR or redder; and

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

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

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and no
redox concentrations;

3. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

4. Do not have a mollic epipedon, an Ap horizon that meets
all of 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;

5. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers 15 cm
or more thick.

Description of Subgroups

Typic Glossaqualfs—The central concept or Typic
subgroup of Glossaqualfsisfixed on soils that have dominantly
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low chroma throughout the horizons below the A or Ap
horizon, to adepth of 75 cm or more. These soils do not have a
mollic epipedon, nor do they have a plow layer or an
equivalent horizon that meetsall of the requirementsfor a
mollic epipedon except thickness. Soilsthat have athick
epipedon with a sandy or sandy-skeletal particle-size class
throughout are assigned to the Arenic subgroup. Soils that
have fragic soil propertiesin asignificant volume are assigned
to Fragic or combination Fragic subgroups because these
properties are shared with Fragiaqualfs and Fragiudalfs. Typic
Glossagualfs are the wettest Glossaqualfs.

Higher chromathan that of Typic Glossaqualfsis
characteristic of the somewhat better drained Glossaqualfs and
is used to define the Aeric subgroup, which consists of
intergrades to Glossudalfs. Typic Glossaqualfs occur
throughout the areas of Glossaqualfs in the United States. Most
of them are cultivated.

Aeric Fragic Glossaqualfs—These soils have fragic soil
properties in a significant volume but do not have a fragipan
unless it has its upper boundary at a depth of more than 100
cm below the mineral soil surface. Below the A or Ap horizon,
these soils have chromathat is too high for the Typic subgroup.
The high chroma commonly occurs in the matrix of the pedsin
the argillic horizon. The soils are otherwise like Typic
Glossagualfs in their defined properties and in most other
properties. Aeric Fragic Glossagualfs are rare in the United
States.

Aeric Glossaqualfs—These soils have some subhorizon
between the A or Ap horizon and a depth of 75 cm that has
chroma that is too high for Typic Glossaqualfs. The period of
saturation is somewhat shorter than that in soils of the Typic
subgroup. Aeric Glossagualfs occur throughout the areas of
Glossagualfs in the United States. Most of them are cultivated.

Arenic Glossaqualfs—These soils have a sandy or sandy-
skeletal layer, starting at the mineral soil surface, that is 50 cm
or more thick. The epipedon overlies an argillic horizon. The
chroma may or may not be higher than that in the Typic
subgroup. These soils occur in Florida but are not extensive in
the United States.

Fragic Glossaqualfs—These soils have fragic soil
properties in a significant volume but do not have a fragipan
unless it has its upper boundary at a depth of more than 100
cm below the mineral soil surface. The soils are otherwise like
Typic Glossaqualfs in their defined properties and in most
other properties. Fragic Glossaqualfs are rare in the United
States.

Histic Glossaqualfs.—These soils have a Histic epipedon.
They occur near sea level and are thought to have had alower
water table at the time the argillic horizon formed than they
have now. They are known to occur only in Floridain the
United States.

Mollic Glossaqualfs—These soils have amollic epipedon or
aplow layer or itsequivalent, if not plowed, that meetsall of the
requirements for amollic epipedon except thickness. These
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soils are known to occur only in Minnesotain the United
States.

Kandiaqualfs

These are the Aqualfsthat have afrigid, mesic, isomesic, or
warmer temperature regime and a kandic horizon. These soils
do not have a fragipan, a duripan, or a natric horizon. Plinthite
constitutes less than half of the volume of the matrix in all
subhorizons at a depth between 30 and 150 cm from the soil
surface. The soils are alowed, but not required, to have a
glossic horizon. Characterigtically, they have the most warm
and humid climates of the Aqualfs and the most water passing
through the profile and have a relatively low base saturation for
soils of this order. The vegetation is mostly tropical or
subtropical hardwood forest. Slopes are nearly level or concave.

Kandiaqualfs are mostly in tropical and subtropical aress.
They are rare in the United States.

Definition
Kandiaqualfs are the Aqualfs that:
1. Have akandic horizon;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Do not have a natric horizon or a duripan;

4. Have, in al horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite;

5. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface.

Key to Subgroups

JAFA. Kandiaguafs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of a kandic horizon at a depth of
50 to 100 cm below the mineral soil surface.

Arenic Kandiaqualfs

JAFB. 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 a kandic horizon at a
depth of 100 cm or more below the mineral soil surface.
Grossarenic Kandiaqualfs

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

Plinthic Kandiaqualfs

JAFD. Other Kandiaqualfs that have both:

1. An Ap horizon with a color value, moist, of 3 or less
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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 that have these color values after mixing; and

2. Inoneor 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 Hueof 7.5YR or redder; and

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

(2) If peds are absent, chroma of 2 or more (both
moist and dry); or

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and
chroma of 3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and
no redox concentrations.
Aeric Umbric Kandiaqualfs

JAFE. Other Kandiagualfs 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. Hueof 7.5YR or redder; and

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

b. If pedsare absent, chroma of 2 or more (both moist
and dry); or

2. Hueof 10YR or yellower and either:

a. Both acolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or

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

JAFF. Other Kandiaqualfs that have an umbric epipedon, an
Ap horizon that meets all of 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 Kandiaqualfs

JAFG. Other Kandiagualfs.
Typic Kandiaqualfs
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Definition of Typic Kandiaqualfs
Typic Kandiaqualfs are the Kandiaqualfs that:

1. Do not have, in any 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: either

a Hueof 7.5YR or redder; and

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

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

b. Hueof 10YR or yellower and either:

(1) Bothacolor value of 3 or more (moist) and chroma
of 3 or more (moist and dry); or

(2) Chromaof 2 or more (both moist and dry) and no
redox concentrations;

2. Have an Ap horizon that has either a color value, moist, of
4 or more or acolor value, dry, of 6 or more after the soil has
been crushed or have these color valuesin the upper 18 cm
after mixing;

3. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

4. Do not have a horizon within 150 cm of the soil surface
that has 5 percent or more plinthite, by volume.

Description of Subgroups

Typic Kandiaqualfs—The central concept or Typic
subgroup of Kandiaqualfsis fixed on soils that (1) have
dominantly low chroma between the A or Ap horizon and a
depth of 75 cm or more from the mineral soil surface; (2) have
alighter color value, moist, in the plow layer, or in comparable
horizons if undisturbed, than in an umbric epipedon; and (3)
do not have a thick epipedon with a sandy or sandy-skeletal
particle-size class throughout.

Chroma higher than that of Typic Kandiagualfsis
characteristic of soils that are saturated for shorter periods and
serves to define intergrades to freely drained soils. Color
values, moist, of 2 or 3 in aplow layer indicate a higher-than-
normal content of organic matter and form the basis for
defining intergrades to other great groups. A thick layer of
sand or loamy sand, starting at the mineral soil surface, isthe
basis for defining the Arenic and Grossarenic subgroups. Typic
Kandiaqualfs are not known to occur in the United States.

Aeric Kandiaqualfs—Below the A or Ap horizon, these
soils have chromathat is too high for the Typic subgroup, but
they are otherwise like Typic Kandiagualfs in their defined
properties and in most other properties. Aeric Kandiaqualfs are
not known to occur in the United States.
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AericUmbric Kandiagualfs—These soilshave an umbric
epipedon or a surface horizon that meets al of the
requirements for an umbric epipedon except thickness. Below
the A or Ap horizon, these soils have chromathat istoo high for
the Typic subgroup. They are otherwise like Typic Kandiaqualfs
in their defined properties and in most other properties. Aeric
Umbric Kandiagualfs are not known to occur in the United
States.

Arenic Kandiaqualfs—These soils have a sandy or sandy-
skeletal particle-size class throughout a layer extending from
the mineral soil surface to the top of akandic horizon at a
depth of 50 to 100 cm below the mineral soil surface. The
upper part of the kandic horizon or the lower part of the
epipedon is permitted to have, in 50 percent or more of the
matrix, chromathat is too high for Typic Kandiaqualfs. Arenic
Kandiaqualfs may also have either 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, if undisturbed, materials
between the soil surface and a depth of 18 cm that have these
colors after mixing. These soils are otherwise like those of the
Typic subgroup in their defined properties. Arenic
Kandiaqualfs are not known to occur in the United States.

Grossarenic Kandiaqualfs—These soils have a sandy or
sandy-skeletal particle-size class throughout a layer extending
from the mineral soil surface to the top of a kandic horizon at a
depth of 100 cm or more below the mineral soil surface. These
soils are not known to occur in the United States.

Plinthic Kandiaqualfs—These soils have 5 percent or
more (by volume) plinthite in one or more horizons within 150
cm of the mineral soil surface. These soils are not known to
occur in the United States.

Umbric K andiaqualfs—These soilshave an umbric
epipedon or aplow layer or its equivalent, if not plowed, that
meetsall of the requirementsfor an umbric epipedon except
thickness. These soils are not known to occur in the United
States.

Natraqualfs

Natraqualfs are the Aqualfs that have a natric horizon and
have a frigid, mesic, isomesic, or warmer temperature regime.
These soils do not have a duripan, and plinthite constitutes less
than one-half of the volume of the matrix in all subhorizons at
a depth between 30 and 150 cm from the soil surface.
Typically, ground water perches above the natric horizon at one
period and saturates the soils at another period. Natraqualfs are
allowed, but not required, to have a glossic horizon. In the
United States, most of these soils have a mesic, thermic, or
hyperthermic temperature regime, but a few are frigid. If
undisturbed, Natraqualfs commonly have a thin A horizon
overlying a thin albic horizon that, in turn, overlies the natric
horizon. If the soils are plowed, the two upper horizons and
part of the natric horizon or only part of the two upper
horizons may be mixed.

Soil Taxonomy

In the United States, the vegetation on Natragualfs before
cultivation most commonly was grass or mixed grass and
drought-tolerant trees. In humid regions where the precipitation
is100 cm or more, the presence of sodium generally isattributed
to very slow permeability in the natric horizon. The permeability
is so slow that there is thought to
be less leaching of sodium than there is release of sodium by
the weathering of feldspars. Many Natraqualfs in the United
States formed in loess or alluvium of Wisconsinan age.

Some Natraqualfs are in basins or on lowlands and are
subject to flooding, and the sodium in them may be supplied by
salty ground water or sea water. Characteristically, areas of
Natraqualfs are small.

Definition
Natraqualfs are the Aqualfs that:
1. Have anatric horizon;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Do not have a duripan;

4. Have, in al horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite.

Key to Subgroups
JADA. Natraqualfs that have one or both of the following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Natraqualfs

JADB. Other Natragualfs that have one or more layers, at
least 25 cm thick (cumulative) within 100 cm of the mineral
soil surface, that have 25 percent or more (by volume)
recognizable bioturbation, such as filled animal burrows,
wormholes, or casts.

Vermic Natraqualfs

JADC. Other Natraqualfs that have both:

1. A dlossic horizon or interfingering of albic materials
into the natric horizon; and

2. An exchangeable sodium percentage of less than 15 and
less magnesium plus sodium than calcium plus extractable
acidity either throughout the upper 15 cm of the natric
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horizon or in all horizonswithin 40 cm of the minera soil
surface, whichever is deeper.
Albic Glossic Natraqualfs

JADD. Other Natraqualfsthat have an exchangeable sodium
percentage of less than 15 and less magnesium plus sodium than
calcium plus extractable acidity either throughout the upper 15
cm of thenatric horizon or in all horizonswithin 40 cm of the
mineral soil surface, whichever isdeeper.

Albic Natraqualfs

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

JADF. Other Natragualfs that have a mollic epipedon, an Ap
horizon that meets all of the requirements for a mollic
epipedon except thickness, or material s between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Mollic Natraqualfs

JADG. Other Natraqualfs.
Typic Natraqualfs

Definition of Typic Natraqualfs
Typic Natragualfs are the Natraqualfs that:

1. Do not have a glossic horizon or interfingering of abic
materials more than 2.5 cm into the natric horizon;

2. Do not have a mollic epipedon, an Ap horizon that meets
all of 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;

3. Have, in some horizon within 40 cm of the soil surface or
within the upper 15 cm of the natric horizon, whichever is
deeper, 15 percent or more saturation with sodium or more
magnesium plus sodium than calcium plus extractable acidity;

4. Do not have either:

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 normal 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

5. Do not have one or morelayers, at least 25 cm thick
(cumulative) within 100 cm of the mineral soil surface, that
have 25 percent or more (by volume) recognizable
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bioturbation, such asfilled animal burrows, wormholes, or
casts.

Description of Subgroups

Typic Natraqualfs—The central concept or Typic
subgroup of Natraqualfsis fixed on soils that (1) have high
saturation with sodium or more magnesium and sodium than
calcium and extractable acidity in the upper part; (2) have
dominantly low chromabetween the A or Ap horizon and a
depth of 75 cm or more from the mineral soil surface; (3) do
not have aglossic horizon or interfingering of albic materials
morethan 2.5 cminto the natric horizon; (4) have an ochric
epipedon and do not meet any of the requirementsfor amollic
epipedon, except for thickness, in the plow layer or in
comparable horizons if undisturbed; and (5) do not have both
cracks and slickensides, wedge-shaped aggregates, or alinear
extensibility of 6.0 cm or moreto adepth of 100 cm fromthe
mineral soil surface.

Chromahigher than that of Typic Natraqualfsis characteristic
of soilsthat are saturated for shorter periods and serves to
define intergrades to freely drained soils. Soils that have
dlickensides, wedge-shaped aggregates, a high linear
extensibility, or wide cracks are assigned to Vertic subgroups
because these properties are shared with Vertisols. Natraqualfs
that have a mollic epipedon or an epipedon that meets all of
the requirements for a mollic epipedon except thickness are
considered intergrades to Natraquolls and form the basis for
defining the Mallic subgroup. Typic Natraqualfs are not
extensive. The Typic subgroup is not necessarily the most
extensive, but it provides what seems to be the best base for
defining other subgroups. Many of these soils are in Texas, and
others are widely distributed in the United States. Because the
area of Typic Natraqualfsis small, their use generally is
determined by the use of the associated soils. Many Typic
Natraqualfs have been cleared and are used as cropland, but
some are used as pasture or are in forests. Some of these soils
are used for rice. The amount of calcium in some of these soils
is inadequate for some plants.

Albic Glossic Natraqualfs—These soils have less than 15
percent sodium and less sodium plus magnesium than calcium
plus exchangeable acidity in the upper part of the natric
horizon or the upper part of the soilsif the top of the natric
horizon is deep. These soils also have a glossic horizon or abic
materials interfingering into the natric horizon. There are
fewer problems of plant nutrition in these soils than in soils of
the Typic subgroup. Nevertheless, moisture relations as arule
negatively affect the productivity of Albic Glossic Natraqualfs.
These soils are of small extent in the United States and are
mostly near the gulf coast. Commonly, they occur in small
areas, and the use of these soilsis closely associated with the
use of the surrounding soils.

Albic Natraqualfs.—These soilshavelessthan 15 percent
sodium and less sodium plus magnesium than calcium plus
exchangeable acidity in the upper part of the natric horizon or
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the upper part of the soilsif the top of the natric horizon is deep.
These soils are otherwise much like Typic Natraqualfsin defined
properties. There are fewer problems of plant nutrition in Albic
Natraqualfs than in soils of the Typic subgroup. Nevertheless,
moisture relations as a rule negatively affect the productivity of
Albic Natraqualfs. Commonly, the extent of these soilsissmall,
and the use of the soilsis closely associated with the use of the
surrounding soils.

Glossic Natraqualfs—These soils have a glossic horizon
or interfingering of albic materials in the upper part of the
natric horizon but are otherwise like Typic Natraqualfsin
defined properties. In general, the natric horizon is deeper in
soils of this subgroup than in Typic Natraqualfs. In the United
States, Glossic Natraqualfs are of only small extent. They occur
principally in the Mississippi River Valley, California, and
Montana. Their use generally is determined by the use of the
associated soils.

Mollic Natraqualfs—These soils have a mollic epipedon
or a surface horizon that meets all of the requirements for a
mollic epipedon except thickness. The soils are intergrades to
Natraquolls. They are of very small extent in the United States.

Ver mic Natraqualfs—These soils have one or more layers,
at least 25 cm thick within 100 cm of the mineral soil surface,
that have 25 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts. The soils are intergrades to Vermaqualfs. They are of
very small extent in the United States and are mainly in Texas.

Vertic Natraqualfs—These soilsarelike Typic Natraqualfs,
but they are high in content of expanding clays and have cracks
5 mm or morewide, slickensides, wedge-shaped aggregates, or a
high linear extensibility. These soils are not extensive. They are
nearly level. Most have been cleared and are used as cropland,
but some are used as pasture or are in forests.

Plinthaqualfs

Plinthagualfs are the Aqualfs that have afrigid, mesic,
isomesic, or warmer temperature regime. Plinthite constitutes
one-half or more of the volume of the matrix in some
subhorizon at a depth between 30 and 150 cm from the soil
surface. These soils are mainly in depressions in areas of wet-
dry tropical and subtropical climates. They are not known to
occur in the United States, but they are reported to be extensive
in Africa south of the Sahara. They are perhaps the least used
of the Alfisols, at least in part because they tend to be too wet
in the rainy season and too dry in the dry season for most
crops. On most of these soils, the vegetation is or was savanna
or a deciduous broadleaf forest.

Definition
Plinthagqualfs are the Aqualfs that:

1. Have one or more horizons at a depth between 30 and 150
cm from the mineral soil surface in which plinthite either

Soil Taxonomy

forms a continuous phase or constitutes one-half or more of the
volume;

2. Haveafrigid, mesic, isomesic, or warmer temperature regime.
Keyto Subgroups

JABA. All Plinthagualfs(provisionaly).
TypicPlinthaqualfs

Vermaqualfs

Vermagualfs are the Aqualfsthat have one or more layers,
at least 25 cm thick (cumulative) within 100 cm of the
mineral soil surface, that have 50 percent or more (by volume)
recognizable bioturbation, such as filled animal burrows,
wormholes, or casts. Bioturbation has destroyed less than
one-half of the volume of some part of the argillic horizon.
Krotovinas restrict water movement because they are dense,
massive, compact, and stratified. Soil horizons are obliterated
where the krotovinas occur. Significant amounts of krotovinas
in a soil affect soil morphology, soil hydrology, and soil
behavior. These soils are known to in areas occur along the
coastal plain of Texas where the bioturbation is caused by

crayfish.
Definition
Vermagualfs are the Aqualfs that:

1. Haveoneor more layers, at least 25 cm thick (cumulative)
within 100 cm of the mineral soil surface, that have 50 percent
or more (by volume) recognizable bioturbation, such as filled
animal burrows, wormholes, or casts;

2. Haveafrigid, mesic, isomesic, or warmer temperature
regime;

3. Have, in al horizons at a depth between 30 and 150 cm
from the mineral soil surface, less than 50 percent (by volume)
plinthite;

4. Do not have a duripan, a kandic horizon, or a natric
horizon;

5. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface.

Key to Subgroups

JAGA. 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 15 cm of the argillic horizon;
and/or

2. Throughout all horizons within 40 cm of the mineral
soil surface.
Natric Vermaqualfs
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JAGB. Other Vermagudfs.
TypicVermaqualfs

Definition of Typic Vermaqualfs

Typic Vermagualfs are the Vermaqual fsthat have an
exchangeable sodium percentage of less than 7 throughout the
upper 15 cm of the argillic horizon and throughout all horizons
within 40 cm of the mineral soil surface.

Description of Subgroups

Typic Vermaqualfs—Typic Vermagualfs are the
Vermagualfs that have an exchangeable sodium percentage of
less than 7 (and a sodium adsorption ratio of less than 6) both
in some part of the upper 15 cm of the argillic horizon and in
some horizon within 40 cm of the mineral soil surface.

Natric Vermaqualfs—Natric Vermagualfs are the
Vermagualfs that have an exchangeable sodium percentage of 7
or more (and a sodium adsorption ratio of 6 or more) either in
some part of the upper 15 cm of the argillic horizon or in some
horizon within 40 cm of the mineral soil surface.

Cryalfs

Cryalfsarethemore or lessfreely drained Alfisols of cold
regions. Nearly al of these soils have a cryic temperature
regime and normally have a udic moisture regime.

Cryalfs are not extensive. They formed in North America,
Eastern Europe, and Asia above 49° N. latitude and in some
high mountains south of that latitude. In the mountains, they
tend to form below the Spodosols or Inceptisols. Most Cryalfs
are or have been under a coniferous forest. In North America
they are mainly in forests because of their short, cool growing
season.

Characterigtically, Cryalfs have an O horizon, an abic
horizon, and an argillic horizon. In some areas they have a thin
A horizon. In regions of the least rainfall, they are neutral or
dightly acid in all horizons and a Bk horizon may underlie the
argillic horizon. In many of the more humid areas of their
occurrence, the lower part of the albic horizon and the upper
part of the argillic horizon are strongly or very strongly acid.

Cryalfsin the United States generally developed in
Pleistocene deposits, mostly of Wisconsinan age.

Definition
Cryalfs are the Alfisols that:

1. Do not have both aquic conditions and the colors defined
for Aqualfs; and

2. Haveacryic temperature regime.

Key to Great Groups

JBA. Cryadfsthat have all of the following:
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1. Anargillic, kandic, or natric horizon that hasits upper
boundary 60 cm or more below both:

a Theminera soil surface; and

b. Thelower boundary of any surface mantle containing
30 percent or more vitric volcanic ash, cinders, or other
vitric pyroclastic materials;, and

2. Atexture(inthefine-earth fraction) finer than loamy fine
sand in one or more horizons above the argillic, kandic, or
natric horizon; and

3. Either aglossic horizon or interfingering of albic materials
into theargillic, kandic, or natric horizon.

Palecryalfs, p. 198

JBB. Other Cryalfsthat haveaglossic horizon.
Glossocryalfs, p. 189

JBC. Other Crydfs.
Haplocryalfs, p. 193

Glossocryalfs

Glossocryalfs are the Cryalfs that have a glossic horizon and
normally have an argillic horizon that has an upper boundary
within 60 cm of the mineral soil surface. The argillic, kandic,
or natric horizon has its upper boundary within 60 cm of the
soil surface, unless there is either a sandy or sandy-skeletal
particle-size class throughout the layers above the argillic,
kandic, or natric horizon or there is a surface mantle or layer in
the upper 75 cm consisting of slightly or moderately weathered
pyroclastic materials.

The glossic horizon commonly has tonguelike projections of
albic materials extending into the argillic horizon. These
projections are thought to indicate that the argillic horizon is
being moved deeper into the soils. In the areas where the soils
are transitional between Spodosols and Alfisols, some
Glossocryalfs have a cambic horizon that appears to be an
incipient spodic horizon. The cambic horizon is commonly
separated from the argillic horizon by an albic horizon. The
vegetation is mostly coniferoustrees. A few Glossocryalfs have
been cleared and are used mostly as pasture.

Definition

Glossocryalfs are the Cryalfs that have:
1. A dlossic horizon; and
2. One or more of the following:

a.  An argillic, kandic, or natric horizon that has its upper
boundary at less than 60 cm below the mineral soil surface;
or

b. Anargillic, kandic, or natric horizon that hasits upper
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boundary at less than 60 cm below the lower boundary of
any surface mantle containing 30 percent or more vitric
volcanic ash, cinders, or other vitric pyroclastic materials;
or

c. Notexture(inthefine-earth fraction) finer than loamy fine
sand in any horizon abovethe argillic, kandic, or natric
horizon.

Key to Subgroups

JBBA. Glossocryalfsthat have alithic contact within 50 cm
of the mineral soil surface.
Lithic Glossocryalfs

JBBB. Other Glossocryalfs that have one or both of the
following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Glossocryalfs

JBBC. Other Glossocryalfs that have, throughout one or more
horizons with atotal 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 Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Glossocryalfs

JBBD. Other Glossocryalfs that have, throughout one or
more horizons with atotal 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

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

Vitrandic Glossocryalfs

JBBE. Other Glossocryalfs that have, in one or more
subhorizons within the upper 25 cm of the argillic, kandic, or
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natric horizon, redox depletionswith chromaof 2 or less
and also aquic conditions for sometimein normal years
(or artificial drainage).
Aquic Glossocryalfs

JBBF. Other Glossocryalfs that are saturated with water in
one or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyagquic Glossocryalfs

JBBG. Other Glossocryalfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Glossocryalfs

JBBH. Other Glossocryalfs that have:
1. A xeric moisture regime; 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 that have these color values after
mixing; and

3. A base saturation of 50 percent or more (by NH,OAc)
in all parts from the mineral soil surface to a depth of 180
cm or to adensic, lithic, or paralithic contact, whichever is
shallower.

Xerollic Glossocryalfs

JBBI. Other Glossocryalfs that have:
1. A xeric moisture regime; 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 that have these color values after mixing.

Umbric Xeric Glossocryalfs

JBBJ. Other Glossocryalfs that:

1. Aredry in some part of the moisture control section for
45 or more days (cumulative) in normal years; and

2. 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 that have these color values after mixing;
and
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3. Haveabase saturation of 50 percent or more (by
NH,OAc) inall partsfrom the mineral soil surfaceto adepth
of 180 cmor to adensic, lithic, or paralithic contact,
whichever is shallower.

Ustollic Glossocryalfs

JBBK. Other Glossocryalfs that have a xeric moisture
regime.
Xeric Glossocryalfs

JBBL. Other Glossocryalfs that are dry in some part of the
moisture control section for 45 or more days (cumulative) in
normal years.

Ustic Glossocryalfs

JBBM. Other Glossocryalfs that:

1. Havean 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 that have these color values after mixing;
and

2. Have abase saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Glossocryalfs

JBBN. Other Glossocryalfs 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 that have these color values
after mixing.

Umbric Glossocryalfs

JBBO. Other Glossocryalfs that have a base saturation of 50
percent or more (by NH,OAc) in all parts from the mineral soil
surface to a depth of 180 cm or to adensic, lithic, or paralithic
contact, whichever is shallower.

Eutric Glossocryalfs

JBBP.  Other Glossocryalfs.
Typic Glossocryalfs
Definition of Typic Glossocryalfs
Typic Glossocryalfs are the Glossocryalfs that:

1. Do not have alithic contact within 50 cm of the soil
surface;

2. Do not have 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
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morefor sometimein normal 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;

3. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density, in the fraction less than 2.0 mm in size,
of 1.0 g/cmé or less, measured at 33 kPa water retention,
and acid-oxalate-extractable aluminum plus Y2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

4. In any subhorizon within the upper 25 cm of the argillic,
kandic, or natric horizon, do not have redox depletions with
chroma of 2 or less and also aquic conditions;

5. Are not saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years;

6. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers 15 cm
or more thick;

7. Have audic moisture regime;

8. Aredry in some part of the moisture control section for
less than 45 days (cumulative) in normal years;

9. Have an Ap horizon with a color value, moist, of 4 or more
or acolor value, dry, of 6 or more (crushed and smoothed
sample) or materials between the soil surface and a depth of 18
cm that have these color values after mixing;

10. Have abase saturation of less than 50 percent (by
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NH,OAc) in some part between the minera soil surface and a
depth of 180 cm or a densic, lithic, or paralithic contact,
whichever is shallower.

Description of Subgroups

Typic Glossocryalfs—The central concept or Typic
subgroup of Glossocryalfsis fixed on freely drained soils that
are deep or moderately deep to hard rock and that have a high
color value to a depth comparable to that of an Ap horizon.
The soils have a glossic horizon and are moist in all but short
periods during the growing season.

These soils do not have slickensides, wedge-shaped
aggregates, a high linear extensihility, or wide cracks because
these properties are shared with Vertisols. Soils that have both
alow bulk density and a high content of weakly crystalline
minerals or that have a high content of volcanic glass are
excluded from Typic Glossocryalfs because these properties are
shared with Andisols. Soils that have both redox depletions
with low chromain the upper 25 cm of the argillic, kandic, or
natric horizon and ground water within this depth are excluded
from Typic Glossocryalfs because these properties are shared
with Aqualfs. Other soils that are saturated with water within
100 cm of the mineral soil surface for 20 or more consecutive
days or 30 or more cumulative days in normal years are
excluded because of importance to the use of these soils. Soils
with alayer having fragic soil properties also are excluded
because these properties are shared with Fraglossudalfs and
Fragiudalfs. Typic Glossocryalfs do not have a surface mantle
or layer in the upper 75 cm that has both a low bulk density
and a high content of weakly crystalline minerals or that
consists of dlightly or moderately weathered pyroclastic
materials because these properties are shared with Andisols.
Soils that have a xeric moisture regime and other soils that are
dry for more than 45 days also are excluded because they share
properties with Xeralfs and Ustalfs. Soils that have a surface
horizon as thick as 15 cm that is dark enough to be near or
within the range of a mollic or umbric epipedon are recognized
as Mollic intergrades or Umbric extragrades.

Typic Glossocryalfs are in the mountains in the Western
United States. They generally are under a coniferous forest.
They have gentle to very steep slopes. They are of small extent
in the United States and are rare elsewhere.

Andic and Vitrandic Glossocryalfs—These soils are like
Typic Glossocryalfs, but they have a surface mantle or layer in
the upper 75 cm that has both alow bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic materials. These
soils occur in the high mountains of the Western United States.
They are permitted, but not required, to have redox depletions
and also a color value of 3 or less, moist, and 5 or less, dry, in
surface horizons, after mixing to a depth of 15 cm. They also
are permitted to be dry for more than 45 days. They are not
extensive. Most of them have moderate or strong slopes and
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areused for limited summer grazing, asforest, or aswildlife
habitat.

Aquic Glossocryalfs—These soilsarelike Typic
Glossocryalfs, but they have redox depletions with chromaof 2
or less and have horizons, within 75 cm of the surface, that are
saturated with water at some time during the year. The gray
redox depletions should not be confused with low chroma of
the glossic horizon. In addition to the redox depletions, Aquic
Glossocryalfs are permitted to have a color value of 3 or less,
moist, and 5 or less, dry, in surface horizons, after mixing to a
depth of 15 cm. The wetnessis caused mainly by slowly
permeable materials in the lower horizons or the substratum.
These soils are rare in the United States.

Eutric Glossocryalfs—These soils are like Typic
Glossocryalfs, but they have a base saturation of 50 percent or
more (by NH,OAc) in all parts between the mineral soil surface
and a depth of 180 cm or a densic, lithic, or paralithic contact,
whichever is shallower. These soils formed mostly in
calcareous materials. They support range or coniferous forest
vegetation and have gentle to very steep slopes. They are of
small extent in the United States and are rare elsewhere.

Fragic Glossocryalfs—These soils are like Typic
Glossocryalfs, but they have a fragipan or at least 30 percent
(by volume) peds with fragic soil properties in the upper part of
the argillic horizon. Fragic Glossocryalfs have not been
recognized in the United States.

Lithic Glossocryalfs—These soils are permitted to have
any of the properties of Glossocryalfs. They are required to
have alithic contact within 50 cm of the surface. These soils
are of small extent in the Western United States.

Mollic Glossocryalfs—These soils are like Typic
Glossocryalfs, but their upper horizons have a color value of 3
or less, moist, and 5 or less, dry, after mixing to a depth of 15
cm. Mollic Glossocryalfs have a base saturation of 50 percent
or more (by NH,OAc) in all parts from the mineral soil surface
to a depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower. These soils commonly support a
coniferous forest in which the trees are more widely spaced
than istypical for Glossocryalfs. Mollic Glossocryalfs are not
extensive in the United States except very locally.

Oxyaquic Glossocr yalfs—These soils are like Typic
Glossocryalfs, but they are saturated with water within 100 cm
of the mineral soil surface for 20 or more consecutive days or
30 or more cumulative days in normal years. Oxyaquic
Glossocryalfs are permitted to have a color value of 3 or less,
moist, and 5 or less, dry, in surface horizons, after mixing to a
depth of 15 cm. The wetnessis caused mainly by slowly
permeable materials in the lower horizons or the substratum.
These soils are rare in the United States.

Umbric Glossocr yalfs—These soils are like Typic
Glossocryalfs, but their upper horizons have a color value of 3
or less, moist, and 5 or less, dry, after mixing to a depth of 15
cm. These soils have a base saturation of less than 50 percent
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(by NH,OAc) in some part between the mineral soil surface and
adepth of 180 cm or to adensic, lithic, or paralithic contact,
whichever is shallower. The soils commonly support coniferous
forest. Some forests have widely spaced trees. In some areas
these soils are used as rangeland. The soils are not extensivein
the United States.

Umbric Xeric Glossocryalfs—These soils are like Typic
Glossocryalfs, but they have a xeric moisture regime and their
upper horizons have a color value of 3 or less, moist, and 5 or
less, dry, after mixing to a depth of 15 cm. These soils have a
base saturation of less than 50 percent (by NH,OAc) in some
part between the mineral soil surface and a depth of 180 cm or
adensic, lithic, or paralithic contact, whichever is shallower.
Umbric Xeric Glossocryalfs commonly support coniferous
forest. Some forests have widely spaced trees. In some areas
these soils are used as rangeland. They are not extensive in the
United States.

Ustic Glossocryalfs—These soils are like Typic
Glossocryalfs, but they are dry in some part of the moisture
control section for 45 or more days (cumulative) in normal
years. They are considered to be transitional to Ustalfs. Ustic
Glossocryalfs commonly support a sparse coniferous forest with
widely spaced trees or are used as rangeland. They are not
extensive in the United States except very locally.

Ustallic Glossocryalfs—These soils are like Typic
Glossocryalfs, but they are dry in some part of the moisture
control section for 45 or more days (cumulative) in normal
years and their upper horizons have a color value of 3 or less,
moist, and 5 or less, dry, after mixing to a depth of 15 cm.
These soils have a base saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a depth
of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower. They are considered to be transitional
to Ustolls. They commonly support rangeland vegetation or a
sparse coniferous forest with widely spaced trees. They are not
extensive in the United States.

Vertic Glossocryalfs—These soils are like Typic
Glossocryalfs, but they are high in content of expanding clays
and have cracks 5 mm or more wide, slickensides, wedge-
shaped aggregates, or a linear extensibility of 6.0 cm or more
between the mineral soil surface and either a depth of 100 cm
or adensic, lithic, or paralithic contact, whichever is shallower.
These soils are considered to be transitional to Vertisols. Vertic
Glossocryalfs support coniferous forest or are used as
rangeland. They are not extensive in the United States.

Xeric Glossocryalfs—These soils are like Typic
Glossocryalfs, but they have a xeric moisture regime. They are
considered to be transitional to Xeralfs. Xeric Glossocryalfs
commonly support coniferous forest. Some forests have widely
spaced trees. In some areas Xeric Glossocryalfs are used as
rangeland. These soils are not extensive in the United States.

Xerollic Glossocryalfs—These soilsarelike Typic
Glossocryalfs, but they have a xeric moisture regime and their
upper horizons have a color value of 3 or less, moist, and 5 or
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less, dry, after mixing to adepth of 15 cm. These soilshavea
base saturation of 50 percent or more (by NH,OAc) inall parts
from the mineral soil surfaceto adepth of 180 cmor to adensic,
lithic, or paralithic contact, whichever is shallower. They are
considered to betransitional to Xerolls. Xerollic Glossocryalfs
commonly support a sparse coniferous forest with widely
spaced trees or support rangeland vegetation. They are not
extensive in the United States.

Haplocryalfs

These are the Cryalfswith no glossic horizon. Most of these
soils have no interfingering of albic materials into the argillic,
kandic, or natric horizon. Most have an argillic horizon that
has an upper boundary within 60 cm of the mineral soil
surface. The common sequence of horizons is an O horizon, an
albic horizon, and an argillic horizon. There also are
transitional horizons and a Bw, Btk, or Bk horizon in some
pedons.

The Haplocryalfs of the United States are in the mountains
of the Western States and have a cryic temperature regime.
Most support coniferous forest vegetation. Virtually none of
them are cultivated because their dlopes are steep and the
growing season is short and cool. In other countries,
Haplocryalfs occur on mountains and also on plains nearly as
far north as the line of continuous permafrost. Some of the
associated soils on these landscapes are Gelisols on north-
facing dopes and Histosols.

Definition

Haplocryalfs are the Cryalfs that:
1. Do not have a glossic horizon; and
2. Haveoneor more of the following:

a.  An argillic, kandic, or natric horizon that has its upper
boundary at less than 60 cm below the mineral soil surface;
or

b. An argillic, kandic, or natric horizon that has its upper
boundary at less than 60 cm below the lower boundary of
any surface mantle containing 30 percent or more vitric
volcanic ash, cinders, or other vitric pyroclastic materials;
or

c. No texture (in the fine-earth fraction) finer than loamy
fine sand in any horizon above the argillic, kandic, or natric
horizon; or

d. Nointerfingering of albic materials into the argillic or
natric horizon.
Key to Subgroups

JBCA. Haplocryafsthat have alithic contact within 50 cm of
the mineral soil surface.
Lithic Haplocryalfs
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JBCB. Other Haplocryalfsthat have one or both of the
following:

1. Crackswithin 125 cm of themineral soil surfacethat
are5 mm or more wide through athickness of 30 cm or
morefor sometimein normal years, and slickensides or
wedge-shaped aggregatesin alayer 15 cm or more thick
that hasits 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 Haplocryalfs

JBCC. Other Haplocryalfs that have, throughout one or more
horizons with atotal 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 Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Haplocryalfs

JBCD. Other Haplocryalfs that have, throughout one or more
horizons with atotal 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Haplocryalfs

JBCE. Other Haplocryalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Haplocryalfs

JBCF. Other Haplocryalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or
2. 30 or more cumulative days.
Oxyaquic Haplocryalfs

JBCG. Other Haplocryalfs that have an argillic horizon that:
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1. Consistsentirely of lamellae; or

2. Isacombination of two or morelamellae and one or more
subhorizonswith athickness of 7.5 to 20 cm, each layer with
an overlying eluvial horizon; or

3. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are 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 Haplocryalfs

JBCH. Other Haplocryalfs that have a sandy or sandy-skeletal
particle-size class throughout the upper 75 cm of the argillic,
kandic, or natric horizon or throughout the entire argillic,
kandic, or natric horizon if it is less than 75 cm thick.
Psammentic Haplocryalfs

JBCI. Other Haplocryalfs that have:

1. Anargillic, kandic, or natric horizon that is 35 cm or
less thick; and

2. Nodensic, lithic, or paralithic contact within 100 cm of
the mineral soil surface.
Inceptic Haplocryalfs

JBCJ. Other Haplocryalfs that have:
1. A xeric moisture regime; 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 that have these color values after mixing; and

3. A base saturation of 50 percent or more (by NH,OAc)
in all parts from the mineral soil surface to a depth of 180
cm or to a densic, lithic, or paralithic contact, whichever is
shallower.

Xerollic Haplocryalfs

JBCK. Other Haplocryalfs that have:
1. A xeric moisture regime; 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 that have these color values after mixing.

Umbric Xeric Haplocryalfs



Alfisols

JBCL. OtherHaplocryalfsthat:

1. Aredryin some part of the moisture control section for
45 or more days (cumulative) in normal years; and

2. Havean 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 that have these color values after mixing; and

3. Haveabase saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Ustollic Haplocryalfs

JBCM. Other Haplocryalfs that have a xeric moisture regime.
Xeric Haplocryalfs

JBCN. Other Haplocryalfs that are dry in some part of the
moisture control section for 45 or more days (cumulative) in
normal years.

Ustic Haplocryalfs

JBCO. Other Haplocryalfs that:

1. Havean 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 that have these color values after mixing;
and

2. Have abase saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Haplocryalfs

JBCP. Other Haplocryalfs 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 that have these color values
after mixing.

Umbric Haplocryalfs

JBCQ. Other Haplocryalfs that have a base saturation of 50
percent or more (by NH,OAc) in all parts from the mineral soil
surface to a depth of 180 cm or to adensic, lithic, or paralithic
contact, whichever is shallower.

Eutric Haplocryalfs

JBCR. Other Haplocryalfs.
Typic Haplocryalfs
Definition of Typic Haplocryalfs
Typic Haplocryalfs are the Haplocryalfs that:
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1. Do not havealithic contact within 50 cm of the mineral soil
surface;

2. Do not have one or both of the following:

a  Crackswithin 125 cm of themineral soil surfacethat are5
mm or more wide through athickness of 30 cm or morefor
sometimein normal years, and slickensides or wedge-shaped
aggregatesin alayer 15 cm or more thick that hasits 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 adensic, lithic, or paralithic contact, whichever is
shallower;

3. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density, in the fraction less than 2.0 mm in size,
of 1.0 g/cmé or less, measured at 33 kPa water retention,
and acid-oxalate-extractable aluminum plus Y/2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

4. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

5. Are not saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years;

6. Have an argillic horizon that meets none of the following:
a. Congists entirely of lamellag; or

b. Isacombination 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

c. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are either:

(1) Two or morelamellaewith acombined thicknessof 5
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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;

7. Have an argillic, kandic, or natric horizon that is finer
than the sandy or sandy-skeletal particle-size class in some part
of the upper 75 cm if the argillic, kandic, or natric horizon is
more than 75 cm thick or in any part if the argillic, kandic, or
natric horizon is less than 75 cm thick;

8. Have an argillic, kandic, or natric horizon that is more
than 35 cm thick;

9. Have audic moisture regime;

10. Aredry in some part of the moisture control section for
less than 45 days (cumulative) in normal years;

11. Havean Ap horizon with a color value, moist, of 4 or
more or a color value, dry, of 6 or more (crushed and smoothed
sample) or materials between the soil surface and a depth of 18
cm that have these color values after mixing; and

12. Have a base saturation of less than 50 percent (by
NH,OAc) in some part between the minera soil surface and a
depth of 180 cm or a densic, lithic, or paralithic contact,
whichever is shallower.

Description of Subgroups

Typic Haplocryalfs—The central concept or Typic
subgroup of Haplocryalfsis fixed on freely drained soils that
are deep or moderately deep to hard rock and that do not have
aglossic horizon. These soils have a high color value in an Ap
horizon or in alayer of comparable depth after mixing and
have aloamy or finer textured argillic horizon not composed
entirely of thin lamellae.

These soils do not have slickensides, wedge-shaped
aggregates, a high linear extensibility, or wide cracks because
these properties are shared with Vertisols. Soils with both alow
bulk density and a high content of weakly crystalline minerals
or that consist of thin layers of pyroclastic materials are
excluded from Typic Haplocryalfs because they have properties
that are shared with the Andisols. Redox depletions and
saturation with water within 100 cm of the surface for extended
periods cause a soil to be excluded from the Typic subgroup
because they are properties shared with Aqualfs. A shallow
lithic contact defines the Lithic subgroup, a convention used
throughout this taxonomy.

Soils that have a xeric moisture regime and other soils that
are dry for more than 45 days a so are excluded because they
share properties with Xeralfs and Ustalfs. Soils that have a
surface horizon as thick as 15 cm that is dark enough to be
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near or within the range of amollic or umbric epipedon are
excluded from the Typic subgroup because the thick, dark
horizon isbelieved to indicate atransitional formto Mollisolsor
anUmbric extragrade.

Haplocryalfswith an argillic, kandic, or natric horizon that has
asandy or sandy-skeletal particle-size class are excluded from
the Typic subgroup and are assigned to the Psammentic
subgroup. Soils that have a base saturation of 50 percent or
more (by NH,OAc) in all parts from the mineral soil surface to
a depth of 180 cm or to aroot-limiting layer are considered
atypical and are assigned to the Eutric subgroup.

Typic Haplocryalfs are not extensive in the United States.
They are in the mountains of the Western States. Most of them
are under a coniferous forest. Slopes generally are moderately
steep to very steep.

Andic and Vitrandic Haplocryalfs—These soils are like
Typic Haplocryalfs, but they have a surface mantle or layer in
the upper 75 cm that has both alow bulk density and a high
content of weakly crystalline minerals or that consists of
dightly or moderately weathered pyroclastic materials. These
soils occur in the high mountains of the Western United States.
They are permitted, but not required, to have redox depletions
and also color value of 3 or less, moist, and 5 or less, dry, in
surface horizons, after mixing to a depth of 15 cm. They also
are permitted to be dry for more than 45 days. They are not
extensive. Most of them have moderate or strong slopes and are
used for limited summer grazing, as forest, or as wildlife
habitat.

Aquic Haplocryalfs—These soils are like Typic
Haplocryalfs, but they have redox depletions with chroma of 2
or less and have, within 75 cm of the surface, horizons that are
saturated with water at some time during the year. In addition
to the redox depletions, Aquic Haplocryalfs are permitted to
have a color value of 3 or less, moist, and 5 or less, dry, in
surface horizons, after mixing to a depth of 15 cm. The
wetness is caused mainly by slowly permeable materialsin the
lower horizons or the substratum. These soils are rare in the
United States.

Eutric Haplocryalfs—These soils are like Typic
Haplocryalfs, but they have a base saturation of 50 percent or
more (by NH,OAc) in all parts between the mineral soil surface
and a depth of 180 cm or a densic, lithic, or paralithic contact,
whichever is shallower. Most of these soils formed in
calcareous materials. Eutric Haplocryalfs support range or
coniferous forest vegetation and have gentle to very steep
dopes. They are of small extent in the United States and are
rare elsewhere.

I nceptic Haplocryalfs—These soils are like Typic
Haplocryalfs in defined properties, but they have an argillic,
kandic, or natric horizon that is 35 cm or less thick and have
no densic, lithic, or paralithic contact within 100 cm of the
mineral soil surface. These soils may aso have an Ap horizon
that has a color value, moist, of 3 or less or upper horizons that
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have a color value, moist, of less than 4 after the surface soil has
been mixed to adepth of 15 cm. These soilsare not extensivein
the United States.

LamellicHaplocryalfs—These soilsarelike Typic
Haplocryalfs in defined properties, but they have an argillic
horizon that consists entirely or partially of lamellae. Most of
these soils have a sandy particle-size class, and the upper
boundary of the argillic horizon or the upper lamella may be
below a depth of 60 cm. The upper several lamellae are
commonly broken or discontinuous horizontally. These soils
may also have a glossic horizon, and they are allowed to have
an Ap horizon that has a color value, moist, of 3 or less or
upper horizons that have a color value, moist, of less than 4
after the surface soil has been mixed to a depth of 15 cm. These
soils are not extensive in the United States.

Lithic Haplocryalfs—These soils are permitted to have
any of the properties of Haplocryalfs. They are required to have
a lithic contact within 50 cm of the surface. They are of small
extent in the Western United States.

Mollic Haplocryalfs—These soils are like Typic
Haplocryalfs, but their upper horizons have a color value of 3
or less, moist, and 5 or less, dry, after mixing to a depth of 15
cm. These soils have a base saturation of 50 percent or more
(by NH,OAC) in al parts from the mineral soil surfaceto a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower. Mollic Haplocryalfs commonly support
a coniferous forest in which the trees are more widely spaced
than in areas of the Typic subgroup. These soils are not
extensive in the United States except very locally.

Oxyaquic Haplocryalfs—These soils are like Typic
Haplocryalfs, but they are saturated with water within 100 cm
of the mineral soil surface for 20 or more consecutive days or
30 or more cumulative days in normal years. They are
permitted to have a color value of 3 or less, moist, and 5 or
less, dry, in surface horizons, after mixing to a depth of 15 cm.
The wetness is caused mainly by slowly permeable materialsin
the lower horizons or the substratum. These soils are rarein
the United States.

Psammentic Haplocryalfs—These soils are like Typic
Haplocryalfsin defined properties, but they have a sandy or
sandy-skeletal particle-size class throughout the upper 75 cm of
the argillic, kandic, or natric horizon or throughout the entire
argillic, kandic, or natric horizon if it is less than 75 cm thick.
These soils may aso have a glossic horizon and an Ap horizon
that has a color value, moist, of 3 or less or upper horizons that
have a color value, moist, of less than 4 after the surface soil
has been mixed to a depth of 15 cm. These soils are not
extensive in the United States.

Umbric Haplocryalfs—These soils are like Typic
Haplocryalfs, but their upper horizons have a color value of 3
or less, moist, and 5 or less, dry, after mixing to a depth of 15
cm. These soils have a base saturation of less than 50 percent
(by NH,OAC) in some part between the mineral soil surface
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and adepth of 180 cm or aroot-limiting layer, whichever is
shallower. Umbric Haplocryalfs commonly support coniferous
forest. Some forests have widely spaced trees. In some areas
these soils are used as rangeland. The soils are not extensive in
the United States.

Umbric Xeric Haplocryalfs—These soils are like Typic
Haplocryalfs, but they have a xeric moisture regime and their
upper horizons have a color value of 3 or less, moist, and 5 or
less, dry, after mixing to a depth of 15 cm. They also have a
base saturation of less than 50 percent (by NH,OAc) in some
part between the mineral soil surface and a depth of 180 cm or
adensic, lithic, or paralithic contact, whichever is shallower.
Umbric Xeric Haplocryalfs commonly support coniferous
forest. Some forests have widely spaced trees. In some areas
these soils are used as rangeland. The soils are not extensive in
the United States.

Ustic Haplocryalfs—These soils are like Typic
Haplocryalfs, but they are dry in some part of the moisture
control section for 45 or more days (cumulative) in normal
years. They are considered to be transitional to Ustalfs. Ustic
Haplocryalfs commonly support a sparse coniferous forest with
widely spaced trees or are used as rangeland. They are not
extensive in the United States except very locally.

Ustallic Haplocryalfs—These soils are like Typic
Haplocryalfs, but they are dry in some part of the moisture
control section for 45 or more days (cumulative) in normal
years and their upper horizons have a color value of 3 or less,
moist, and 5 or less, dry, after mixing to a depth of 15 cm.
These soils have a base saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a depth
of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower. They are considered to be transitional
to Ustalls. Ustollic Haplocryalfs commonly support rangeland
vegetation or a sparse coniferous forest with widely spaced
trees. They are not extensive in the United States.

Vertic Haplocryalfs—These soils are like Typic
Haplocryalfs, but they are high in content of expanding clays
and have cracks 5 mm or more wide, slickensides, wedge-
shaped aggregates, or a linear extensibility of 6.0 cm or more
between the mineral soil surface and either a depth of 100 cm
or adensic, lithic, or paralithic contact, whichever is shallower.
These soils are considered to be transitional to Vertisols. They
support coniferous forest or are used as rangeland. They are not
extensive in the United States.

Xeric Haplocryalfs—These soils are like Typic
Haplocryalfs, but they have a xeric moisture regime. They are
considered to be transitional to Xeralfs. Xeric Haplocryalfs
commonly support coniferous forest. Some forests have widely
spaced trees. In some areas these soils are used as rangeland.
The soils are not extensive in the United States.

XerollicHaplocryalfs—These soilsarelike Typic
Haplocryalfs, but they have a xeric moisture regime and their
upper horizons have a color value of 3 or less, moist, and 5 or
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less, dry, after mixing to adepth of 15 cm. These soilshavea
base saturation of 50 percent or more (by NH,OAc) inall parts
from the mineral soil surfaceto adepth of 180 cmor to adensic,
lithic, or paralithic contact, whichever is shallower. They are
considered to betransitional to Xerolls. Xerollic Haplocryalfs
commonly support a sparse coniferous forest with widely
spaced trees or support rangeland vegetation. They are not
extensive in the United States.

Palecryalfs

Palecryalfs are the Cryalfs that have athick epipedon and a
glossic horizon or interfingering of albic materias into the
argillic, kandic, or natric horizon. Most of these soils have an
albic horizon and a glossic horizon. The soils are thought to be
restricted to relatively stable surfaces in the mountains, many
of which are older than the Wisconsinan Glaciation. The
stability may be the result of stoniness. The vegetation on these
soils is mostly coniferous forest. The temperature regimes are
mostly cryic. The moisture regimes are mostly udic.

Definition
Palecryalfs are the Cryalfs that:

1. Havean argillic, kandic, or natric horizon that has its
upper boundary 60 cm or more below both:

a The minera soil surface; and

b. Thelower boundary of any surface mantle containing
60 percent or more vitric volcanic ash, cinders, or other
vitric pyroclastic materials; and

2. Haveaglossic horizon or interfingering of albic materials
in the argillic, kandic, or natric horizon; and

3. Havetexture (in the fine-earth fraction) finer than loamy
fine sand in some subhorizon above the argillic, kandic, or
natric horizon.

Key to Subgroups

JBAA. Palecryalfsthat have, throughout one or more
horizons with atotal thickness of 18 cm or more within 75 cm
of the mineral soil surface, afine-earth fraction with both a
bulk density of 1.0 g/cm? or less, measured at 33 kPa water
retention, and Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Palecryalfs

JBAB. Other Palecryalfs that have, throughout one or
more horizons with atotal 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 is cinders,
pumice, and pumicelike fragments; or

Soil Taxonomy

2. Afine-earth fraction containing 30 percent or more
particles0.02 to 2.0 mmin diameter; and

a. Inthe0.02to 2.0 mmfraction, 5 percent or more
volcanic glass; and

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

Vitrandic Palecryalfs

JBAC. Other Palecryalfs that have, in one or more horizons
within 100 cm of the mineral soil surface, redox depletions
with chroma of 2 or less and also aquic conditions for some
time in normal years (or artificial drainage).

Aquic Palecryalfs

JBAD. Other Palecryalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Palecryalfs

JBAE. Other Palecryalfs that have a xeric moisture regime.
Xeric Palecryalfs

JBAF. Other Palecryafsthat are dry in some part of the
moisture control section for 45 or more days (cumulative) in
normal years.

Ustic Palecryalfs

JBAG. Other Paecryalfs that:

1. Havean 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 that have these color values after mixing;
and

2. Have abase saturation of 50 percent or more (by
NH,OAc) in al parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Palecryalfs

JBAH. Other Palecryalfs 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 that have these color values
after mixing.

Umbric Palecryalfs

JBAI. Other Palecryalfs.
Typic Palecryalfs
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Definition of Typic Palecryalfs
Typic Palecryalfsarethe Palecryalfsthat:

1. Do not have, throughout a cumulative thickness of 18 cm
or more and within adepth of 75 cm, one or more of the
following:

a. A bulk density, inthefraction lessthan 2.0 mmin size, of
1.0 g/cm?® or less, measured at 33 kPawater retention, and
acid-oxal ate-extractabl e aluminum plus /2 acid-oxal ate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

2. Do not have, in any horizon within 100 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

3. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years;

4. Have audic moisture regime;

5. Aredry in some part of the moisture control section for
less than 45 days (cumulative) in normal years; and

6. Have an Ap horizon that has a color value, moist, of 4 or
more or a color value, dry, of 6 or more when crushed and
smoothed or have materials to a depth of 18 cm that have these
colors after mixing.

Description of Subgroups

Typic Palecryalfs—The central concept or Typic subgroup
of Palecryafsis fixed on freely drained soils that are deep to
the top of the argillic horizon and that have a glossic horizon.
These soils have a high color value in an Ap horizon or in a
layer of comparable depth after mixing and have aloamy or
finer texture above the argillic horizon.

Soils with both a low bulk density and a high content of
weakly crystalline minerals or that consist of thin layers of
pyroclastic materials are excluded from Typic Palecryalfs
because they have properties that are shared with Andisols.
Redox depletions and saturation with water within 100 cm of
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the surface for extended periods cause a soil to be excluded from
the Typic subgroup because they are properties shared with
Aqualfs.

Soils that have a xeric moisture regime and other soils that
are dry for more than 45 days a so are excluded because they
share properties with Xeralfs and Ustalfs. Soils that have a
surface horizon as thick as 15 cm that is dark enough to be
near or within the range of a mollic or umbric epipedon are
excluded from the Typic subgroup because the thick, dark
horizon is believed to indicate a transitional form to Mollisols
or an Umbric extragrade.

Typic Palecryalfs are not extensive in the United States.
They are in the mountains of the Western States. Most are
under a coniferous forest. Slopes generally are moderately steep
to very steep.

Andic and Vitrandic Palecryalfs—These soils are like
Typic Palecryalfs, but they have a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dightly or moderately weathered pyroclastic materials. These
soils occur in the high mountains of the Western United States.
They are permitted, but not required, to have redox depletions
and also color value of 3 or less, moist, and 5 or less, dry, in
surface horizons, after mixing to a depth of 15 cm. They also
are permitted to be dry for more than 45 days. They are not
extensive. Most of them are moderately steep to very steep and
are used for limited summer grazing, as forest, or as wildlife
habitat.

Aquic Palecryalfs—These soils are like Typic Palecryalfs,
but they have redox depletions with chroma of 2 or less and
have, within 75 cm of the surface, horizons that are saturated
with water at some time during the year. In addition to the
redox depletions, Aquic Palecryalfs are permitted to have a
color value of 3 or less, moist, and 5 or less, dry, in surface
horizons, after mixing to a depth of 15 cm. The wetnessis
caused mainly by slowly permeable materials in the lower
horizons or the substratum. These soils are rare in the United
States.

Mollic Palecryalfs—These soils are like Typic Palecryalfs,
but their upper horizons have a color value of 3 or less, moist,
and 5 or less, dry, after mixing to a depth of 15 cm. These soils
have a base saturation of 50 percent or more (by NH,OAc) in
all parts from the mineral soil surface to a depth of 180 cm or
to adensic, lithic, or paralithic contact, whichever is shallower.
The soils commonly support a coniferous forest in which the
trees are more widely spaced than is typical for Palecryalfs.
Mollic Palecryalfs are not extensive in the United States.

Oxyaquic Palecryalfs—These soilsarelike Typic
Palecryalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. They are permitted
to have a color value of 3 or less, moist, and 5 or less, dry, in
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surface horizons, after mixing to adepth of 15 cm. The wetness
iscaused mainly by slowly permeable materialsin thelower
horizons or the substratum. These soils are rarein the United
States.

Umbric Palecryalfs—These soils are like Typic
Palecryalfs, but their upper horizons have a color value of 3 or
less, moist, and 5 or less, dry, after mixing to a depth of 15 cm.
These soils have a base saturation of less than 50 percent (by
NH,OAc) in some part between the minera soil surface and a
depth of 180 cm or aroot-limiting layer, whichever is
shallower. They commonly support a coniferous forest. Some
forests have widely spaced trees. In some areas Umbric
Palecryalfs are used as rangeland. The soils are not extensive
in the United States.

Ustic Palecryalfs—These soils are like Typic Palecryalfs,
but they are dry in some part of the moisture control section for
45 or more days (cumulative) in normal years. They are
considered to be transitional to Ustalfs. Ustic Palecryalfs
commonly support a sparse coniferous forest with widely
spaced trees or are used as rangeland. They are not extensive in
the United States.

Xeric Palecryalfs—Thesesoilsarelike Typic Palecryalfs,
but they have a xeric moisture regime. They are considered to
be transitional to Xeralfs. Xeric Palecryalfs commonly support
a coniferous forest. Some forests have widely spaced trees. In
some areas these soils are used as rangeland. The soils are not
extensive in the United States.

Udalfs

Udalfsare the more or lessfreely drained Alfisolsthat have a
udic moistureregimeand afrigid, mesic, isomesic, or warmer
temperature regime. These soilsare principally but not entirely in
areas of late-Pleistocene deposits and erosional surfaces of
about the same age. Some of the Udalfs that are on the older
surfaces are underlain by limestone or other cal careous
sediments.

Udalfs are very extensive in the United States and in
Western Europe. All of them are believed to have supported
forest vegetation at some time during development. Most
Udalfs with a mesic or warmer temperature regime have or had
deciduous forest vegetation, and many with a frigid
temperature regime have or had mixed coniferous and
deciduous forest vegetation.

Many Udalfs have been cleared of trees and are intensively
farmed. As aresult of erosion, many now have only an argillic
or kandic horizon below an Ap horizon that is mostly material
once part of the argillic or kandic horizon. Other Udalfs are on
stable surfaces and retain most of their eluvial horizons above
the argillic or kandic horizon. Normally, the undisturbed soils
have athin A horizon darkened by humus. A few Udalfs have a
natric horizon. Others have a fragipan in or below the argillic
or kandic horizon.

Soil Taxonomy

Definition
Udalfsarethe Alfisolsthat:

1. Haveafrigid, mesic,isomesic, or warmer temperature
regime;

2. Haveaudic moistureregime; and

3. Have, inno horizon within 50 cm of themineral soil surface,
both aquic conditions (other than anthraguic conditions) for
sometimeinnormal years (or artificial drainage) and either of
thefollowing:

a. Redoximorphicfeaturesin all layersbetween 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 cm; and one of the following within the upper 12.5 cm of
the argillic, kandic, natric, or glossic horizon:

(1) 50 percent or more redox depletions with chroma of
2 or less on faces of peds and redox concentrations
within peds; or

(2) Redox concentrations and 50 percent or more redox
depletions with chroma of 2 or less in the matrix; or

(3) 50 percent or more redox depletions with chroma of
1 or less on faces of peds or in the matrix, or both; or

b. Inahorizon that has aquic conditions, enough active
ferrousiron to give a positive reaction to apha,apha
dipyridyl at a time when the soil is not being irrigated.

Key to Great Groups

JEA. Udafsthat have anatric horizon.
Natrudalfs, p. 221
JEB. Other Udalfs that have:
1. A dlossic horizon; and

2. Inthe argillic or kandic horizon, discrete nodules, 2.5
to 30 cm in diameter, that:

a. Areenriched with iron and extremely weakly
cemented to indurated; and

b. Have exteriors with either a redder hue or a higher
chromathan theinteriors.
Ferrudalfs, p. 201

JEC. Other Udalfs that have both:

1. A gdlossic horizon; and

2. A fragipan with an upper boundary within 100 cm of
themineral soil surface.

Fraglossudalfs, p. 203
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JED. Other Udalfsthat have afragipan with an upper
boundary within 100 cm of the mineral soil surface.

Fragiudalfs, p. 202

JEE. Other Uddlfs that:

1. Donothaveadensic, lithic, paralithic, or petroferric
contact within 150 cm of the mineral soil surface; and

2. Have akandic horizon; and
3.  Within 150 cm 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 [Clay is measured noncarbonate clay or based on
the following formula: Clay % = 2.5(% water retained at
1500 kPa tension - % organic carbon), whichever value is
greater, but no more than 100]; or

b. Have5 percent or more (by volume) skeletans on
faces of pedsin 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. 217

JEF. Other Udalfsthat have akandic horizon.
Kanhapludalfs, p. 219

JEG. Other Udalfs that:

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

2. Within 150 cm 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 [Clay is measured noncarbonate clay or based on
the following formula: Clay % = 2.5(% water retained at
1500 kPa tension - % organic carbon), whichever value is
greater, but no more than 100]; or

b. Have5 percent or more (by volume) skeletans on
faces of pedsin 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 an argillic horizon with one or more of the
following:

a. In 50 percent or more of the matrix of one or more
subhorizons in its lower one-half, hue of 7.5YR or redder
and chroma of 5 or more; or

b. In 50 percent or more of the matrix of horizons that
total more than one-half the total thickness, hue of
2.5YR or redder, value, moist, of 3 or less, and value,
dry, of 4 or less; or
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c. Many coarseredox concentrationswith hue of 5YR or
redder or chroma of 6 or more, or both, in one or more
subhorizons; or

4. Haveafrigidtemperatureregimeand all of the
following:

a. Anargillic horizon that hasits upper boundary 60 cm
or more below both:

(1) Theminera soil surface; and

(2) Thelower boundary of any surface mantle
containing 30 percent or more vitric volcanic ash,
cinders, or other vitric pyroclastic materials; and

b. A texture (in the fine-earth fraction) finer than
loamy fine sand in one or more horizons above the
argillic horizon; and

c. Either aglossic horizon or interfingering of albic
materialsintotheargillic horizon.
Paleudalfs, p. 222

JEH. Other Udalfs that have, in all subhorizons 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. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodudalfs, p. 228

JEl. Other Udalfsthat have aglossic horizon.
Glossudalfs, p. 205

JEJ. Other Uddlfs.
Hapludalfs, p. 208

Ferrudalfs

Ferrudalfs are the Udalfs that do not have a natric horizon
and have both a glossic horizon and an argillic or kandic
horizon that has been partially cemented by iron. In some areas
these soils formed under a heath vegetation. The heath
vegetation may have succeeded aforest following many years
of collection and removal of forest litter. Under the heath,
which is efficient in complexing iron and aluminum, the upper
part of the argillic horizon was destroyed and fragments of the
argillic horizon became coated and weakly cemented with iron.
Some Ferrudalfs have a fragipan at some depth, commonly
about 100 cm. Ferrudalfs are not known to occur in the United
States and are rare elsewhere. Only two subgroups are
provided.
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Definition

Ferrudalfs are the Udalfs that:
1. Do not have anatric horizon;
2. Haveaglossic horizon; and

3. Intheargillic or kandic horizon, have discrete nodules, 2.5
to about 30 cm in diameter, that are enriched with iron, that

are extremely weakly cemented to indurated, and that have
exteriorswith either aredder hue and/or ahigher chromathan
theinteriors.

Keyto Subgroups

JEBA. Ferrudafsthat have, in one or more horizonswithin 60
cm of themineral soil surface, redox depl etionswith chromaof 2
or less and also aquic conditions for some timein normal years
(or artificia drainage).

Aquic Ferrudalfs

JEBB. Other Ferrudalfs.
Typic Ferrudalfs

Definition of Typic Ferrudalfs

Typic Ferrudalfs are the Ferrudalfs that do not have, in one
or more horizons within 60 cm of the mineral soil surface,
redox depletions with chroma of 2 or less and also aquic
conditions for some time in normal years.

Description of Subgroups

Typic Ferrudalfs—These soils are the Ferrudalfs that do
not have, in any horizon within 60 cm of the mineral soil
surface, redox depletions with chroma of 2 or less and also
aquic conditions. These soils are not known to occur in the
United States.

Aquic Ferrudalfs—These soils are like Typic Ferrudalfs,
but they have, in one or more horizons within 40 cm of the
mineral soil surface, redox depletions with chroma of 2 or less
and also aquic conditions for some time in normal years (or
artificial drainage). These soils are intergrades between
Aqualfs and Ferrudalfs. They are not known to occur in the
United States.

Fragiudalfs

Fragiudalfs are the Udalfsthat have afragipan within 100
cm of the soil surface but do not have aglossic or natric
horizon. They commonly have an argillic or cambic horizon
abovethe fragipan. Redoximorphic features arein many
pedons, starting at adepth 50 to 100 cm below the mineral
soil surface. Ground water is perched seasonally above the
fragipan, and athin eluvial horizon commonly isdirectly above
the fragipan.

Most Fragiudalfsin the United States are on gentle slopes
and formed, at least in part, in silty or loamy deposits. The

Soil Taxonomy

deposits are largely of late-Pleistocene age. The duripan formed
in an older buried soil in some areas. A duripan seemsto form if
the burial wasto adepth of about 50 to 75 cm. Temperature
regimes are mostly frigid, mesic, or thermic. In the United
States, the native vegetation on these soils was primarily a
broadleaf deciduous forest.

Definition
Fragiudalfs are the Udalfs that:

1. Have afragipan with an upper boundary within 100 cm of
the mineral soil surface;

2. Do not have a natric horizon; and
3. Do not have a glossic horizon.
K ey to Subgroups

JEDA. Fragiudafs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surface, afine-earth fraction with both a
bulk density of 1.0 g/cm? or less, measured at 33 kPa water
retention, and Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Fragiudalfs

JEDB. Other Fragiudalfs that have, throughout one or more
horizons with atotal 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

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

Vitrandic Fragiudalfs

JEDC. Other Fragiudafs that have, in one or more horizons
within 40 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Fragiudalfs

JEDD. Other Fragiudalfs that are saturated with water in one
or more layers above the fragipan in normal years for either or
both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Fragiudalfs
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JEDE. Other Fragiudafs.
TypicFragiudalfs

Definition of Typic Fragiudalfs
Typic Fragiudalfs are the Fragiudalfs that:

1. Do not have, throughout a cumulative thickness of 18 cm
or more and within adepth of 75 cm, one or more of the
following:

a. A bulk density, inthefraction lessthan 2.0 mmin size, of
1.0 g/cm?® or less, measured at 33 kPawater retention, and
acid-oxal ate-extractabl e aluminum plus /2 acid-oxal ate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

2. Do not have, in any subhorizon within the upper 25 cm of
the argillic or kandic horizon, redox depletions with chroma of
2 or less and aso aquic conditions; and

3. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years.

Description of Subgroups

Typic Fragiudalfs—The central concept or Typic subgroup
of Fragiudalfsisfixed on the most freely drained soils of this
great group. Typic Fragiudalfs are not the most extensive
subgroup, but they furnish the best basis for definition of
subgroups. No Fragiudalfs are freely drained because in all of
them ground water is perched above the fragipan in many
years. The perched water table is a probable cause of the very
common albic materials and bleached clay depletions directly
above the fragipan. Soils that have these features and also
redox depletions with low chroma at a shallow depth, normally
along with redox concentrations of high chroma or of reddish
hue, are considered to be intergrades toward Aqualfs. Typic
Fragiudalfs do not have a surface mantle or layer in the upper
75 cm that has both alow bulk density and a high content of
weakly crystalline minerals or that consists of dightly or
moderately weathered pyroclastic materials because these
properties are shared with Andisols.

Andicand Vitrandic Fragiudalfs—Thesesoilsarelike
Typic Fragiudalfs, but they have a surface mantle or layer in
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the upper 75 cm that has both alow bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are permitted, but not required, to have
redox depletions and to be saturated with water within 100 cm
of the mineral soil surface for 7 or more consecutive days or 20
or more cumulative daysin normal years. They are not
extensive. They are used mainly as forest, but some have been
cleared and are used as cropland or pasture.

AquicFragiudalfs—These soilsarelike Typic Fragiudalfs,
but they have, in one or more horizons within 40 cm of the
mineral soil surface, redox depletions with chroma of 2 or less
and also aquic conditions for some time in normal years (or
artificial drainage). They are intergrades between Fragiaqualfs
and Fragiudalfs. In the United States, they are widely scattered
from Pennsylvania to Illinois and from Illinois to Louisiana.
They are moderately extensive locally within this area. They
have gentle slopes, and most of them are farmed.

Oxyaquic Fragiudalfs—These soilsarelike Typic
Fragiudalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. The wetnessis
caused by slow permeability in the fragipan. These soils are
common in the United States. Most of them have been cleared
and are used for crops or pasture.

Fraglossudalfs

Fraglossudalfs have both a fragipan within 100 cm of the
soil surface and aglossic horizon. They do not have a natric
horizon or discreteiron-cemented nodules2.5to 30cmin
diameter in an argillic or kandic horizon. The upper boundary
of the argillic or kandic horizon generally isbroken. These
soils are not extensive in the United States. They are more
extensivein Europe.

Definition
Fraglossudalfs are the Udalfs that:
1. Haveaglossic horizon;

2. Haveafragipan with an upper boundary within 100 cm of
the mineral soil surface;

3. Do not have a natric horizon; and

4. Do not have, in the argillic or kandic horizon, discrete
nodules, 2.5 to 30 cm in diameter, that have exteriors with
either a redder hue or a higher chroma than the interiors, that
are enriched with iron, and are extremely weakly cemented to
indurated.

Key to Subgroups

JECA. Fraglossudafsthat have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
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of themineral soil surface, afine-earth fraction with both abulk
density of 1.0 g/cm® or less, measured at 33 kPawater retention,
and Al plus/2 Fe percentages (by ammonium oxal ate) totaling
morethan 1.0.

Andic Fraglossudalfs

JECB. Other Fraglossudalfs 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Fraglossudalfs

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

Aquic Fraglossudalfs

JECD. Other Fraglossudalfs that are saturated with water in
one or more layers above the fragipan in normal years for
either or both:

1. 20 or more consecutive days; or
2. 30 or more cumulative days.
Oxyaquic Fraglossudalfs
JECE. Other Fraglossudalfs.
Typic Fraglossudalfs
Definition of Typic Fraglossudalfs
Typic Fraglossudalfs are the Fraglossudalfs that:

1. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density, in the fraction less than 2.0 mm in size,
of 1.0 g/cm® or less, measured at 33 kPa water retention,
and acid-oxalate-extractable aluminum plus Y/2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
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pumicelike fragments making up morethan 66 percent of
these fragments; or

c. A fine-earthfraction containing 30 percent or more
particles0.02 to 2.0 mmin diameter; and

(1) Inthe0.02to 2.0 mmfraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more; and

2. Do not have, in any subhorizon within the upper 25 cm of
the argillic or kandic horizon, redox depletions with chroma of
2 or less and also aquic conditions; and

3. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years.

Description of Subgroups

Typic Fraglossudalfs—The central concept or Typic
subgroup of Fraglossudalfsis fixed on moderately well drained
soils that have a fragipan at a depth of 50 to 100 cm from the
mineral soil surface. These soils are more freely drained than
most soilsin this great group. Typic Fraglossudalfs do not have
a surface mantle or layer in the upper 75 cm that has both a
low bulk density and a high content of weakly crystalline
minerals or that consists of slightly or moderately weathered
pyroclastic materials because these properties are shared with
Andisols. Typic Fraglossudalfs are rare in the United States.

Andic and Vitrandic Fraglossudalfs—These soils are like
Typic Fraglossudalfs, but they have a surface mantle or layer in
the upper 75 cm that has both alow bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are permitted, but not required, to have
redox depletions and to be saturated with water within 100 cm
of the mineral soil surface for 7 or more consecutive days or 20
or more cumulative days in normal years. They are not
extensive. They are used mainly as forest, but some have been
cleared and are used as cropland or pasture.

Aquic Fraglossudalfs—These soils are like Typic
Fraglossudalfs, but they have, in one or more horizons within
40 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage). These soils are
intergrades between Fragiagualfs and Fraglossudafs. In the
United States, they are widely scattered from New York to
Louisiana and some are in Idaho. These soils are moderately
extensive locally within this area. They have gentle slopes, and
most of them are farmed.

Oxyaquic Fraglossudalfs—These soilsarelike Typic
Fraglossudalfs, but they are saturated with water within 100
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cm of the mineral soil surface for 20 or more consecutive days or
30 or more cumulative daysin normal years. Thewetnessis
caused by slow permeability in the fragipan. These soils are
common in the United States. Most of them have been cleared
and are used for crops or pasture.

Glossudalfs

Glossudalfs do not have afragipan, akandic horizon, or a
natric horizon. They have an argillic horizon that shows
evidence of destruction in the form of a glossic horizon, but
they do not have discrete iron-cemented nodules 2.5 to 30 cm
in diameter. The glossic horizon extends through the argillic
horizon in some of these soils. Glossudalfs do not have very
dark red colors throughout the argillic horizon. They are more
extensive in Europe than in the United States.

Definition
Glossudalfs are the Udalfs that:
1. Haveadglossic horizon;

2. Do not have, in the argillic horizon, discrete nodules, 2.5
to 30 cm in diameter, that have enriched exteriors and are
cemented or indurated with iron;

3. Do not have a natric or kandic horizon;
4. Do not have afragipan within 100 cm of the soil surface;

5. Have an argillic horizon that in some part has hue of
5YR or yellower, a color value, moist, of 3.5 or more, or
a color value, dry, more than 1 unit higher than the moist
value.

Key to Subgroups
JEIA. Glossudafs that have both:
1. Oneor both of the following:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Redox depletions with chroma of 2 or lessin layers that
also have aguic conditions in normal 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
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b.  Within 75 cm of theminera soil surfaceif the upper
boundary of the argillic horizon is 50 cm or more below the
mineral soil surface.

Aquertic Glossudalfs

JEIB. Other Glossudalfs that have both:

1. Saturation with water in one or more layers within 100
cm of the mineral soil surface in normal years for either or
both:

a. 20 or more consecutive days; or
b. 30 or more cumulative days; and
2. One or both of the following:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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.

Oxyaquic Vertic Glossudalfs

JEIC. Other Glossudalfs that have one or both of the
following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Glossudalfs

JEID. Other Glossudalfs that have both:

1. In one or more subhorizons within the upper 25 cm of
the argillic horizon, redox depletions with chroma of 2 or
less and also aquic conditions for some time in normal 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/lcm?® or less, measured at 33 kPa water retention, and Al
plus Y2 Fe percentages (by ammonium oxalate) totaling
more than 1.0; or
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b. Morethan 35 percent (by volume) fragments coarser
than 2.0 mm, of which morethan 66 percent iscinders,
pumice, and pumicelike fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Glossudalfs

JEIE. Other Glossudalfs that have, throughout one or more
horizons with atotal thickness of 18 cm or more within 75 cm
of the mineral soil surface, afine-earth fraction with both a
bulk density of 1.0 g/cm? or less, measured at 33 kPa water
retention, and Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Glossudalfs

JEIF. Other Glossudalfs that have, throughout one or more
horizons with atotal 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Glossudalfs

JEIG. Other Glossudalfs that have both:
1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm
or more thick; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aguic conditions in normal 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
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b.  Within 75 cm of the mineral soil surfaceif the upper
boundary of the argillic horizon is 50 cm or more below
the mineral soil surface.

Fragiaquic Glossudalfs

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

Aquic Glossudalfs

JEIl. Other Glossudalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Glossudalfs

JEIJ. Other Glossudalfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Glossudalfs

JEIK. Other Glossudalfs 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 cm or more below the mineral soil surface.

Arenic Glossudalfs

JEIL. Other Glossudalfs that have a glossic horizon less than
50 cm in total thickness.
Haplic Glossudalfs

JEIM. Other Glossudalfs.
Typic Glossudalfs

Definition of Typic Glossudalfs
Typic Glossudalfs are the Glossudalfs that:

1. Do not have 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 normal years, and slickensides or
wedge-shaped aggregates in alayer 15 cm or more thick that
has its upper boundary within 125 cm of the mineral soil
surface;

2. Havealinear extensibility of less than 6.0 cm between the
mineral soil surface and either a depth of 100 cm or a densic,
lithic, or paralithic contact, whichever is shallower;
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3. Do not have, throughout one or more horizons with atotal
thickness of 18 cm or more within 75 cm of the mineral soil
surface, any of the following:

a. A fine-earth fraction with both a bulk density of 1.0
g/lcm?® or less, measured at 33 kPa water retention, and Al
plus ¥/2 Fe percentages (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 is cinders,
pumice, and pumicelike fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

4. Do not have, in any subhorizon within the upper 25 cm of
the argillic horizon, redox depletions with chroma of 2 or less
and also aquic conditions;

5. Are not saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years;

6. Do not have fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick;

7. Do not 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 cm or more below
the mineral soil surface;

8. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers 15 cm
or more thick; and

9. Haveaglossic horizon that is 50 cm or more thick.

Description of Subgroups

Typic Glossudalfs—The central concept or Typic subgroup
of Glossudalfsis fixed on freely drained soils that have a
glossic horizon that is at least 50 cm in total thickness. These
soils do not have slickensides, wedge-shaped aggregates, a
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high linear extensibility, or wide cracks because these properties
are shared with Vertisols.

Soils with both a low bulk density and a high content of
weakly crystalline minerals or that consist of thin layers of
pyroclastic materials are excluded from Typic Glossudalfs
because they have properties that are shared with Andisols.
Redox depletions and saturation with water within 100 cm of
the surface for extended periods cause a soil to be excluded
from the Typic subgroup because these properties are shared
with Aqualfs. Typic Glossudalfs do not have fragic soil
properties in alarge volume in any layer 15 cm or more thick
because these are properties shared with Fragiudalfs and
Fraglossudalfs. Typic Glossudalfs do not have alayer, starting
at the mineral soil surface, that has a texture of loamy fine sand
or coarser in al parts and that is more than 50 cm thick
because this property is used to define the Arenic subgroup.

Typic Glossudalfs are of small extent in the United States.
They occur in areas from Texas to Michigan.

Andic and Vitrandic Glossudalfs—These soils are like
Typic Glossudalfs, but they have a surface mantle or layer in
the upper 75 cm that has both alow bulk density and a high
content of weakly crystalline minerals or that consists of
dightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are not extensive. Most of them have
gently sloping to steep slopes and are used as cropland, forest,
or pasture.

Aquandic Glossudalfs—These soils are like Typic
Glossudalfs, but they have redox depletions with low chroma
and also aquic conditions at a shallow depth for some time in
normal years. In addition, they a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are not extensive. Most of them are level to
gently sloping and are used as cropland, forest, or pasture.

Aquertic Glossudalfs—These soils have redox depletions
with low chroma and also aquic conditions at a shallow depth
for some time in normal years. In addition, they have an
appreciable amount of swelling clays. The aquic conditions,
swelling clays, and low saturated hydraulic conductivity seem
to be the most important properties of the soils in this
subgroup. Most of the soils formed in clayey parent materials.
Aquertic Glossudalfs are of small extent. Slopes are gentle, but
the soils are highly erodible. Most of the soils are farmed, but
some of them are used as pasture or forest.

Aquic Glossudalfs—These soils have redox depletions
with low chroma and also aquic conditions at a shallow depth
for some time in normal years. In addition, they are permitted
to have fragic soil properties. These soils are permitted, but not
required, to 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 cm or more. In
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the United States, these soils are moderately extensive on the
lower coastal plain aong the Gulf of Mexico and are known to
occur elsewhere. Many of them are in forests, but much of the
acreage of these soils has been cleared and is used as cropland
or pasture.

Arenic Glossudalfs—These soils have a layer that has a
sandy or sandy-skeletal particle-size class throughout and
extends from the mineral soil surface to the top of an argillic
horizon at a depth of 50 cm or more below the mineral soil
surface. These soils are known to occur only in Texas and
Michigan in the United States.

Fragiaquic Glossudalfs—These soils are like Typic
Glossudalfs, but they have redox depletions with low chroma
and also aquic conditions at a shallow depth for some time in
normal years. In addition, they have fragic soil propertiesin 30
percent or more of the volume of alayer 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 alayer 15 cm
or more thick anywhere in the soils. These soils are not
extensive in the United States.

Fragic Glossudalfs—These soils are like Typic
Glossudalfs, but they have fragic soil propertiesin 30 percent
or more of the volume of alayer 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 alayer 15 cm or more
thick anywhere in the soils. These soils are not extensive in the
United States.

Haplic Glossudalfs—These soils are like Typic
Glossudalfs, but the glossic horizon is less than 50 cm thick.
Thus, the soils have some characteristics of Hapludalfs. They
occur locally in Michigan and Wisconsin and in the central
part of the Southern United States.

Oxyaquic Glossudalfs—These soils are like Typic
Glossudalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. The wetnessis
caused mainly by slowly permeable materials in the lower
horizons or the substratum. These soils are of small extent and
are mostly in the south-central and north-central parts of the
United States.

Oxyaquic Vertic Glossudalfs—These soils are like Typic
Glossudalfs, but they are high in content of expanding clays
and have cracks 5 mm or more wide, slickensides, wedge-
shaped aggregates, or a linear extensibility of 6.0 cm or more
between the mineral soil surface and either a depth of 100 cm

or adensic, lithic, or paralithic contact, whichever is shallower.

The soils also are saturated with water within 100 cm of the
mineral soil surface for 20 or more consecutive days or 30 or
more cumulative days in normal years. The wetness is caused
mainly by slowly permeable materialsin the lower horizons or
the substratum. These soils are rare in the United States and
are considered to be transitional to Vertisols.

Vertic Glossudalfs—These soilsarelike Typic
Glossudalfs, but they are high in content of expanding clays
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and have cracks 5 mm or more wide, slickensides, wedge-shaped
aggregates, or alinear extensibility of 6.0 cm or more between
the mineral soil surface and either adepth of 100 cm or adensic,
lithic, or paralithic contact, whichever is shallower. These soils
arerarein the United States and are considered to be transitional
to Vertisols.

Hapludalfs

Hapludalfs are the Udalfs that do not have a glossic, kandic,
or natric horizon or a fragipan within 100 cm of the mineral
soil surface. They do not have very dark red colors throughout
the argillic horizon. The base of the argillic horizon is
normally less than 150 cm below the soil surface and, in many
areas, isless than 100 cm below the surface. In an undisturbed
soil, there generally is a thin, very dark brown A horizon, 5 to
10 cm thick, over alighter colored brownish eluvial horizon.
The eluvial horizon grades into a finer textured argillic
horizon, generally at a depth of about 30 to 45 cm in loamy
materials. Because the Hapludalfs have been cultivated
extensively, many of those on slopes have lost their eluvial
horizons.

These soils formed principally in late-Pleistocene deposits
or on a surface of comparable age. They are extensive soilsin
the Northeastern States, excluding New England, and in
Europe, excluding most of Scandinavia.

The vegetation on Hapludalfs in the United States was a
deciduous broadleaf forest, but the soils are now mostly
farmed. Temperature regimes are mesic or thermic.

Definition
Hapludalfs are the Udalfs that:
1. Do not have aglossic, kandic, or natric horizon;

2. Have an argillic horizon that in some part has hue of 5YR
or yellower, a color value, moist, of 3.5 or more, or a color
value, dry, more than 1 unit higher than the moist value;

3. Do not have afragipan within 100 cm of the mineral soil
surface;

4. Either have a densic, lithic, or paralithic contact within
150 cm of the soil surface or have a clay distribution in which
the clay content decreases with increasing depth by 20 percent
or more from its maximum within 150 cm of the soil surface
and, if thereis aclay increase of 3 percent or more (absolute)
below that layer, less than 5 percent of the volume in the layer
where the clay content decreases consists of skeletans on faces
of peds, if:

a Hueisredder than 10YR and chroma of more than 4 is
dominant;

b. Hueis2.5YR or redder, the value, moist, is less than 4,
and the value, dry, is less than 5 throughout the major part
of the argillic horizon; or
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c. Thereare many coarse redox concentrations that have
hue redder than 7.5YR or chroma of more than 5.

Key to Subgroups

JEJA. Hapludalfs that have a lithic contact within 50 cm of
the mineral soil surface.
Lithic Hapludalfs

JEJB. Other Hapludalfs that have all of the following:
1. Oneor both of the following:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Redox depletions with chroma of 2 or lessin layers that
also have aquic conditions in normal 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 minera soil
surface and a depth of 18 cm that, after mixing, have one or
more of the following:

a. A color value, moist, of 4 or more; or
b. A color value, dry, of 6 or more; or
c. Chromaof 4 or more.
Aquertic Chromic Hapludalfs
JEJC. Other Hapludalfs that have both:
1. Oneor 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 normal 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
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mineral soil surface and either adepth of 100cmor a
densic, lithic, or paralithic contact, whichever is
shallower; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aquic conditions in normal 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 Hapludalfs

JEJD. Other Hapludalfs that have both:

1. Saturation with water in one or more layers within 100
cm of the mineral soil surface in normal years for either or
both:

a. 20 or more consecutive days; or
b. 30 or more cumulative days; 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 cm or
more for some time in normal 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.

Oxyaquic Vertic Hapludalfs

JEJE. Other Hapludalfs that have both:
1. Oneor 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 normal 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. AnAp horizon or material s between the mineral soil
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surface and adepth of 18 cm that, after mixing, have one or
more of the following:

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

c. Chromaof 4 or more.
Chromic Vertic Hapludalfs

JEJF. Other Hapludalfs that have one or both of the
following:

1. Crackswithin 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 normal 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
adensic, lithic, or paralithic contact, whichever is
shallower.

Vertic Hapludalfs

JEJG. 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, afine-earth fraction with both a
bulk density of 1.0 g/cm? or less, measured at 33 kPa water
retention, and Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Hapludalfs

JEJH. Other Hapludalfs that have, throughout one or more
horizons with atotal 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Hapludalfs

JEJI. Other Hapludalfs that have both:
1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 15 cm
or more thick that has its upper boundary within 100 cm
of the mineral soil surface; or
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b. In60 percent or more of the volume of alayer 15 cm or
morethick; and

2. Redox depletionswith chromaof 2 or lessin layersthat
also have aguic conditions in normal 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 Hapludalfs

JEJJ. Other Hapludalfs that have both:

1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm
or more thick; and

2. Saturation with water in one or more layers within 100
cm of the mineral soil surface in normal years for either or
both:

a. 20 or more consecutive days; or

b. 30 or more cumulative days.
Fragic Oxyaquic Hapludalfs

JEJK. Other Hapludalfs that have both:

1. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal 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 cm or
more.
Aquic Arenic Hapludalfs

JEJL. Other Hapludalfs that have:

1. An abrupt textural change; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aguic conditions in normal 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
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boundary of the argillic horizon is 50 cm 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, at a depth of 180 cm from the mineral soil surface,
or directly above a densic, lithic, or paralithic contact,
whichever is shallowest.

Albaquultic Hapludalfs

JEIM. Other Hapludalfs that have both:

1. An abrupt textural change; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aquic conditions in normal 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.

Albaquic Hapludalfs

JEIN. Other Hapludalfs that have both:

1. Interfingering of albic materials in the upper part of the
argillic horizon; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aquic conditions in normal 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

JEJO. Other Hapludalfs that have both:

1. Redox depletions with chroma of 2 or less in layers that
also have aguic conditions in normal 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

2. A base saturation (by sum of cations) of less than 60
percent at a depth of 125 cm from the top of the argillic
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horizon, at adepth of 180 cm from the mineral soil surface, or
directly above adensic, lithic, or paralithic contact, whichever
is shallowest.

Aquultic Hapludalfs

JEJP.  Other Hapludalfs that 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 that have these color values after mixing; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aquic conditions in normal 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.

Aquollic Hapludalfs

JEJQ. Other Hapludalfs that have redox depletions with
chroma of 2 or lessin layers that also have aquic conditions in
normal 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

JEJR. Other Hapludalfs that have anthraguic conditions.
Anthraquic Hapludalfs

JEJS. Other Hapludalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or
2. 30 or more cumulative days.
Oxyaquic Hapludalfs
JEJT. Other Hapludalfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Hapludalfs
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JEJU. Other Hapludalfsthat have an argillic horizon that:
1. Consstsentirely of lamellae; or

2. Isacombination of two or morelamellae and one or more
subhorizonswith athickness of 7.5 to 20 cm, each layer with
an overlying eluvial horizon; or

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

JEJV. 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

JEJW. Other Hapludalfs 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 cm or more.

Arenic Hapludalfs

JEJX. Other Hapludalfs that have interfingering of
albic materials in one or more subhorizons of the argillic
horizon.

Glossic Hapludalfs

JEJY. Other Hapludalfs that have:

1. Anargillic, kandic, or natric horizon that is 35 cm or
less thick; and

2. Nodensic, lithic, or paralithic contact within 100 cm of
the mineral soil surface.
I nceptic Hapludalfs

JEJZ. Other Hapludalfs that have a base saturation (by sum
of cations) of less than 60 percent at a depth of 125 cm below
the top of the argillic horizon, at a depth of 180 cm below the
mineral soil surface, or directly above a densic, lithic, or
paralithic contact, whichever is shallowest.

Ultic Hapludalfs

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

JEJZb. Other Hapludalfs.
Typic Hapludalfs

Definition of Typic Hapludalfs
Typic Hapludalfs are the Hapludalfs that:

1. Do not have alithic contact within 50 cm of the soil
surface;

2. Do not have either:

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 normal 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;

3. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density, in the fraction less than 2.0 mm in size,
of 1.0 g/cm® or less, measured at 33 kPa water retention,
and acid-oxalate-extractable aluminum plus Y/2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

4. Do not have redox depletions with chroma of 2 or lessin
layers that also have aquic conditions in normal 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;
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5. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 7 or more consecutive days or 20 or
more cumulative days in normal years;

6. Do not have anthraguic conditions;

7. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

8. Do not have a mollic epipedon, an Ap horizon that meets
all of 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;

9. Have an argillic horizon that is finer than the sandy
particle-size class in some part of the upper 75 cm if the
argillic horizon is more than 75 cm thick or in any part if the
argillic horizon is less than 75 cm thick;

10. Have abase saturation (by sum of cations) of 60 percent
or more at a depth of 125 cm below the top of the argillic
horizon, at a depth of 180 cm below the soil surface, or directly
above a densic, lithic, or paralithic contact, whichever is
shallowest;

11. Do not have interfingering of albic materials in any
subhorizon of the argillic horizon;

12. Have an argillic horizon that meets none of the following:
a. Congists entirely of lamellag; or

b. Isacombination 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

c. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are either:

(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;

13. Have an argillic horizon that is more than 35 cm thick;
and
14. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers 15 cm
or more thick.

213

Description of Subgroups

Typic Hapludalfs—The central concept or Typic subgroup of
Hapludalfsisfixed on freely drained soilsthat have an argillic
horizon that does not have an abrupt upper boundary, that does
not have interfingering of albic materials, that hasarelatively
high base saturation, and that has aloamy or clayey texture and
isnot composed entirely of thin lamellae. In addition, these soils
are deep or moderately deep to hard rock, have alight colored
plow layer, and do not have athick epipedon with a sandy or
sandy-skeletal particle-size class throughout. They do not have
dickensides, wedge-shaped aggregates, a high linear
extensibility, or wide cracks.

An abrupt upper boundary of the argillic horizon and redox
concentrations in the argillic horizon are properties shared
with Albagualfs and Albaquults and define intergrades to those
great groups.

If the upper 25 cm of the argillic horizon has aquic
conditions for some time in normal years (or artificial
drainage) and redox depletions with chroma of 2 or less, or
saturation with water within 100 cm of the surface for extended
periods, the soil is excluded from Typic Hapludalfs because
these properties are shared with Aqualfs.

A thick layer, starting at the mineral soil surface, that has a
sandy or sandy-skeletal particle-size class is considered
atypical and defines the Arenic subgroup. Interfingering of
albic materials in the argillic horizon causes a soil to be
excluded because this property is shared with Glossudalfs.
Typic Glossudalfs do not have a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic material s because
these properties are shared with Andisols.

A shallow lithic contact defines the Lithic subgroup, a
convention used throughout this taxonomy. Surface horizons
above a depth of 18 cm that, after mixing, have the color of a
mollic epipedon and a plow layer that has this color are
believed to indicate a transition to Mallisols.

An argillic horizon that has a sandy particle-size class or
that is composed entirely of thin lamellae is the basis for
defining the Lamellic and Psammentic subgroups. A relatively
low base saturation in the deeper horizons is a property shared
with Ultisols and is used to define the intergrades to that order.

Soils that have slickensides, wedge-shaped aggregates, a
high linear extensibility, or wide cracks are excluded from the
Typic Hapludalfs because these properties are shared with
Vertisols.

Albaquic Hapludalfs—These soilshave an abrupt textural
change between an eluvial horizon, commonly an abic
horizon, and the argillic horizon. They also have, in one or
more subhorizons within the upper 25 cm of the argillic
horizon, redox depletions with chroma of 2 or less and aquic
conditions for some time in normal years (or artificial



214

drainage). These soils are intergrades between Albaqualfs and
Hapludalfs. They are mostly in the Southern United States and
are widely distributed. Most of them are used as forest, but
some have been cleared and are used as pasture or cropland.
Some of them developed under grass and are used as
rangeland, pasture, or cropland.

Albaquultic Hapludalfs—These soils are like Typic
Hapludalfs, but they have an abrupt textural change between an
eluvial horizon, commonly an abic horizon, and the argillic
horizon and have, in one or more subhorizons within the upper
25 cm of the argillic horizon, redox depletions with chroma of
2 or less and aquic conditions for some time in normal years
(or artificial drainage). They also have a base saturation (by
sum of cations) of less than 60 percent at a depth of 125 cm
below the top of the argillic horizon, at a depth of 180 cm
below the soil surface, or directly above a densic, lithic, or
paralithic contact, whichever is shallowest. They differ from
soils of the Albaquic subgroup because they have alower base
saturation and from soils of the Aquultic subgroup because
they have an abrupt textural change at the top of the argillic
horizon. Albaquultic Hapludalfs are intergrades between
Albaguults and Hapludalfs. They are mostly on the coastal
plain bordering the Gulf of Mexico and are not extensive.
Nearly al of these soils are in forests.

Andic and Vitrandic Hapludalfs—These soils are like
Typic Hapludalfs, but they have a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are permitted, but not required, to have
redox depletions and to be saturated with water within 100 cm
of the mineral soil surface for 7 or more consecutive days or 20
or more cumulative days in normal years. These soils are of
very small extent but are locally important. They are used
mainly as forest, but some areas have been cleared and are used
as cropland or pasture.

Anthraquic Hapludalfs—These soils are like Typic
Hapludalfs, but they have been irrigated for paddy rice
production for many years and have developed anthraguic
conditions. They are permitted, but not required, to have redox
depletions with chroma of 2 or less in layers that also have
aquic conditions in normal years either 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 deeper
than 50 cm. These soils are not extensive and are rare in the
United States. They have level or nearly level slopes.

Aquertic Hapludalfs—These soils are like Typic
Hapludalfs, but they have redox depletions with low chroma,
aquic conditions at a shallow depth for some time in normal
years, and an appreciable amount of swelling clays. The Ap
horizon or the surface soil to a depth of 18 cm after mixing has
acolor value of 3 or less, moist, and 5 or less, dry. A few of
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these soils have a mollic epipedon, but the base saturation is
less than 50 percent (by NH,OAC) in at least part of the argillic
horizon. The aquic conditions, swelling clays, and low
saturated hydraulic conductivity seem to be the most important
properties of the soils in this subgroup. Most of the soils
formed in clayey parent materials. Aquertic Hapludalfs are of
small extent. Slopes are gentle. Most of the soils have been
cleared and are used as cropland or pasture, but some of them
are used as forest. Some of the soils devel oped under grass
vegetation and are used as cropland or rangeland.

Aquertic Chromic Hapludalfs—These soils are like Typic
Hapludalfs, but they have redox depletions with low chroma
and also have aquic conditions at a shallow depth for some
time in normal years. In addition, they have an appreciable
amount of swelling clays. The aquic conditions, swelling clays,
and low saturated hydraulic conductivity seem to be the most
important properties of the soils in this subgroup. Most of the
soils formed in clayey parent materials. Aquertic Chromic
Hapludalfs are of small extent. Slopes are gentle. Most of the
soils have been cleared and are used as cropland or pasture, but
some are used as forest.

Aquic Arenic Hapludalfs—These soils have, in one or
more horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
for some time in normal years (or artificial drainage). They
also 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 cm or more. The
plow layer or the surface soil to a depth of 18 cm after mixing
is permitted, but not required, to have a color value of 3 or less,
moist, and 5 or less, dry. There is no restriction on the base
saturation other than that imposed by the definition of Alfisols.
Aquic Arenic Hapludalfs are not extensive in the United States.
They are mostly on the lake plains adjacent to the Great Lakes.
Their slopes are very gentle. Most of the soils have been
cleared and are used as cropland, but some of them are used as
pasture or forest.

Aquic Hapludalfs—These soils are like Typic Hapludalfs,
but they have redox depletions with chroma of 2 or lessin
layers that also have aquic conditions in normal years (or
artificial drainage) either 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 deeper than 50 cm.
These soils are intergrades between Aqualfs and Hapludalfs.
They are moderately extensive in the United States,
particularly in the glaciated areas of the north-central region.
Most of the soils have gentle slopes and have been cleared and
are used as cropland, but some of them are used as pasture or
forest.

Aquollic Hapludalfs—These soils have, in one or more
subhorizons within the upper 25 cm of the argillic horizon,
redox depletions with chroma of 2 or less and also aquic
conditions for some time in normal years (or artificial
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drainage). In addition, the Ap horizon or the surface soil to a
depth of 18 cm after mixing has a color value of 3 or less,
moist, and 5 or less, dry. These soils are intergrades between
Argiaquolls and Hapludalfs. They are moderately extensive in
the United States, particularly in the glaciated parts of the
north-central region. Slopes are very gentle. Nearly all of the
soils have been cleared and are used as cropland, but some of
them are used as pasture or forest.

Aquultic Hapludalfs—These soils have, in one or more
subhorizons within the upper 25 cm of the argillic horizon,
redox depletions with chroma of 2 or less and also aquic
conditions for some time in normal years (or artificial
drainage). In addition, the base saturation (by sum of cations)
isless than 60 percent at a depth of 125 cm below the top of
the argillic horizon, at a depth of 180 cm below the soil
surface, or directly above a densic, lithic, or paralithic contact,
whichever is shallowest. The Ap horizon or the surface soil to
a depth of 18 cm after mixing may have any color value when
moist. These soils are intergrades between Aquults and
Hapludalfs. They are not extensive in the United States and are
known to occur only on the low Atlantic Coastal Plain. Their
dopes are very gentle. Many of the soils have been cleared and
are used as cropland, but some of them are used as pasture or
forest.

Arenic Hapludalfs—These soils have a sandy or sandy-
skeletal particle-size class in all subhorizons to the top of an
argillic horizon at a depth of 50 cm or more. The plow layer or
the surface soil to a depth of 18 cm after mixing is permitted,
but not required, to have a color value of 3 or less, moist, and 5
or less, dry. There is no restriction on the base saturation other
than that imposed by the definition of Alfisols. Arenic
Hapludalfs are not extensive in the United States. They occur
mostly in the glaciated parts of the north-central region of the
United States and in Florida. Their slopes are mostly gentle.
Where slopes are suitable, the soils have been cleared and are
used as cropland. Some of the soils are used as pasture or
forest.

Chromic Vertic Hapludalfs.—These soils are like Typic
Hapludalfs, but they have an appreciable amount of swelling
clays. The swelling clays and low saturated hydraulic
conductivity seem to be the most important properties of the
soils in this subgroup. Most of the soils formed in clayey parent
materials. Chromic Vertic Hapludalfs are of small extent.
Slopes are gentle to steep. Most of the less sloping soils have
been cleared and are used as cropland or pasture. Some of the
soils are used as forest.

Fragiaquic Hapludalfs—These soils are like Typic
Hapludalfs, but they have redox depletions with low chroma
and also aquic conditions at a shallow depth for some time in
normal years. In addition, they have fragic soil propertiesin 30
percent or more of the volume of alayer 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 alayer 15 cm
or more thick anywhere in the soils. These soils are considered
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intergradesto Fragiaqualfs. They are not extensivein the United
States.

Fragic Hapludalfs—These soils are like Typic Hapludalfs,
but they have fragic soil propertiesin 30 percent or more of the
volume of alayer 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 alayer 15 cm or more thick
anywhere in the soils. These soils are considered intergrades to
Fragiudalfs. They are not extensive in the United States.

Fragic Oxyaquic Hapludalfs—These soils are like Typic
Hapludalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. In addition, they
have fragic soil propertiesin 30 percent or more of the volume
of alayer 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 alayer 15 cm or more thick anywhere in
the soils. These soils are considered intergrades to
Fragiagualfs. They are not extensive in the United States.

Glossaquic Hapludalfs—These soils have, in one or more
subhorizons within the upper 25 cm of the argillic horizon,
redox depletions with chroma of 2 or less and also aquic
conditions for some time in normal years (or artificial
drainage). In addition, there is evidence of destruction of the
argillic horizon in the form of albic materials interfingering in
or into the argillic horizon. The Ap horizon or the surface soil
to a depth of 18 cm after mixing is permitted, but not required,
to have a color value, moist, of 3 or less. These soils are
intergrades between Glossaqualfs and Hapludalfs. They are
primarily in cool areas that were glaciated and along the gulf
coast of the United States. Where they have gentle slopes, most
of these soils have been cleared and are used as cropland or
pasture. Some of the soils are used as forest.

Glossic Hapludalfs—These soils show evidence of
destruction of the argillic horizon in the form of albic materials
interfingering in or into the argillic horizon. The soils are
intergrades between Glossudalfs and Hapludalfs. The Ap
horizon or the surface soil to a depth of 18 cm after mixing is
permitted, but not required, to have a color value, moist, of 3 or
less. In most undisturbed areas of Glossic Hapludalfs, the color
value is 4 or more after the upper layersto a depth of 18 cm
have been mixed, but the cultivated soils have a darker Ap
horizon. Glossic Hapludalfs are moderately extensive in the
United States. They are primarily in cool areas that were
glaciated. Where they have gentle slopes, many of these soils
have been cleared and are used as cropland or pasture. Some of
the soils are used as forest.

I nceptic Hapludalfs—These soilshave an argillic horizon
that is less than 35 cm thick and have no densic, lithic, or
paralithic contact within 100 cm of the mineral soil surface.
They are permitted, but not required, to have a color value,
moist, of 3 or lessin the Ap horizon or in the surface soil to a
depth of 18 cm after mixing and to have a base saturation (by
sum of cations) that is less than 60 percent. These soils are not
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extensive in the United States. They are considered intergrades
between Udepts and Hapludalfs. They are of small extent in the
United States. Where slopes are suitable, many of these soils
have been cleared and are used as cropland or pasture. Some of
the soils, mostly the more sloping ones, are used as forest.

Lamellic Hapludalfs—These soils are like Typic
Hapludalfs, but they have an argillic horizon that 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 cm, each layer with an overlying eluvia horizon. In some
of the soils, the argillic horizon consists of one or more
subhorizons that are more than 20 cm thick, each with an
overlying eluvia horizon, and above these horizons there are
either two or more lamellae with a combined thickness of 5 cm
or more or a combination of lamellae and one or more parts of
the argillic horizon 7.5 to 20 cm thick, each with an overlying
eluvia horizon. Lamellic Hapludalfs are permitted, but not
required, to have a color value, moist, of 3 or lessin the Ap
horizon or in the surface soil to a depth of 18 cm after mixing
and to have a base saturation (by sum of cations) that is less
than 60 percent. The soils are not extensive in the United
States. They are intergrades between Psamments and
Hapludalfs. Many of the Lamellic Hapludalfs in the United
States are on lake plains adjacent to the Great Lakes. Where
they have gentle slopes, many of these soils have been cleared
and are used as cropland or pasture. Some of the soils are used
as forest.

Lithic Hapludalfs—These soils have a lithic contact
within 50 cm of the mineral soil surface. They are permitted to
have any other property that is allowed in Hapludalfs. They can
have redox depletions with low chroma and aquic conditions at
a shallow depth for some time in normal years. There can be
evidence of destruction of the argillic horizon in the form of
albic materials interfingering in or into the argillic horizon.
The Ap horizon or the surface soil to a depth of 18 cm after
mixing is permitted, but not required, to have a color value,
moist, of 3 or less. These soils are not extensive in the United
States, and they are widely distributed. Their slopes range from
gentle to very steep. Most of the soils are used as pasture or
forest.

Mollic Hapludalfs—These soils are like Typic Hapludalfs,
but they have a mollic epipedon, an Ap horizon that meets all
of 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. The soils that have a
mollic epipedon also have a base saturation of less than 50
percent (by NH,OAc) in at least part of the argillic horizon.
Mollic Hapludalfs are mostly transitional in morphology and in
location to Udolls. They are moderately extensive in the United
States. Their slopes range from gentle to strong. Where slopes
are suitable, nearly all of these soils have been cleared and are
used as cropland or pasture. Some of the soils, mainly the most
dloping ones, are used as forest.

Oxyaquic Hapludalfs—These soils are like Typic
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Hapludalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. In addition, the soils
are permitted, but not required, to have a color value, moist, of
3 or lessin the Ap horizon or in the surface soil to a depth of
18 cm after mixing and to have a base saturation (by sum of
cations) that is less than 60 percent. These soils are moderately
extensive in the United States. They are considered intergrades
to Aqualfs. Slopes are gentle. Most Oxyaquic Hapludalfs have
been cleared and are used as cropland or pasture, but some of
them are used as forest.

Oxyaquic Vertic Hapludalfs—These soils are like Typic
Hapludalfs, but they have an appreciable amount of swelling
clays and are saturated with water within 100 cm of the
mineral soil surface for 20 or more consecutive days or 30 or
more cumulative days in normal years. In addition, the soils
are permitted, but not required, to have a color value, moist, of
3 or lessin the Ap horizon or in the surface soil to a depth of
18 cm after mixing and to have a base saturation (by sum of
cations) that is less than 60 percent. A few of these soils have a
mollic epipedon, but the base saturation is less than 50 percent
(by NH,OAc) in at least part of the argillic horizon. The
swelling clays, saturation, and low saturated hydraulic
conductivity seem to be the most important properties of the
soilsin this subgroup. Most of the soils formed in clayey parent
materials. Oxyaquic Vertic Hapludalfs are considered
intergrades to Aquerts. They are not extensive in the United
States. Slopes are gentle. Most of the soils have been cleared
and are used as cropland or pasture, but some of them are used
as forest.

Psammentic Hapludalfs—These soils 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. Depth to the argillic horizon may be more
than 100 cm. Generally, the depth is more than 50 cm, and all
horizons above the argillic horizon have a texture of loamy fine
sand or coarser. These soils are permitted, but not required, to
have a color value, moist, of 3 or lessin the Ap horizon or in
the surface soil to a depth of 18 cm after mixing and to have a
base saturation (by sum of cations) that is less than 60 percent.
The soils are not extensive in the United States. They are
intergrades between Psamments and Hapludalfs. Most
Psammentic Hapludalfs are in the parts of the United States
that were glaciated, but a few are in Florida. Slopes generally
are gentle. Most of these soils have been cleared and are used
as cropland or pasture, but some of them are used as forest.

Ultic Hapludalfs—These soils have a base saturation (by
sum of cations) that is less than 60 percent at a depth of 125
cm below the top of the argillic horizon, at a depth of 180 cm
below the soil surface, or directly above a densic, lithic, or
paralithic contact, whichever is shallowest. In addition, the Ap
horizon or the surface soil to a depth of 18 cm after mixing is
permitted, but not required, to have a color value, moist, of 3 or
less. Commonly, the argillic horizon has hue of 7.5YR or
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redder or has chroma of more than 4. Some Typic Hapludalfs
have these same colors. Ultic Hapludalfs are intergrades
between Hapludults and Hapludalfs. They are moderately
extensive in the United States. Most of them developed from
weathered country rocks but not from acid rocks. Ultic
Hapludalfs are mostly in highly dissected areas where the
landscape is hilly or mountainous. Their slopes range from
gentle to strong. Where slopes are suitable, most of the soils
have been cleared and are used as cropland or pasture. Some of
the soils, mostly the most sloping ones, are used as forest.

Vertic Hapludalfs—These soils have deep cracks and
appreciable amounts of swelling clays. The swelling clays and
low saturated hydraulic conductivity seem to be the most
important properties of the soils in this subgroup. Most of the
soils formed in clayey parent materials. Vertic Hapludalfs are
moderately extensive. Slopes are gentle to steep, and the soils
are highly erodible. Some of these soils have been cleared and
are used as cropland or pasture, and some, mainly the most
doping ones, are used as forest.

Kandiudalfs

Kandiudalfs are the Udalfs that have akandic horizon. These
soils have a clay distribution in which the content of clay does
not decrease from its maximum amount by 20 percent or more
within 150 cm of the soil surface or the layer with the decrease
has at least 5 percent of the volume consisting of skeletans on
faces of peds and thereis at least a 3 percent (absolute) increase
in content of clay below thislayer. Kandiudalfs do not have a
natric horizon, nor do they have afragipan within 100 cm of the
mineral soil surface. They do not have both a glossic horizon
and discrete nodules, 2.5 to 30 cmin diameter, that are enriched
with iron and cemented to indurated. These soilsare 150 cm or
more deep to adensic, lithic, paralithic, or petroferric contact.
The base of the kandic horizon is commonly more than 150 cm
below the soil surface and in some areasis more than 200 cm
below the surface. Most of these soils have athermic or warmer
soil temperature regime. The natural vegetation was forest,
mostly deciduous, but many of the soils are now cleared and
used as cropland.

Definition
Kandiudalfs are the Udalfs that:

1. Haveakandichorizon;

2. Donot haveadensic, lithic, paralithic, or petroferric contact
within 150 cm of the mineral soil surface;

3. Haveaclay distribution in which the percentage of clay
does not decrease from its maximum amount by as much as 20
percent within 150 cm of the soil surface, or the layer in which
the clay percentage decreases by more than 20 percent has at
least 5 percent of the volume consisting of skeletans on faces of
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peds and there is at least a 3 percent (absolute) increase in
content of clay below this layer;

4. Do not have a natric horizon;

5. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface;

6. Do not have both a glossic horizon and, in the kandic
horizon, discrete nodules, 2.5 to 30 cm in diameter, that have
enriched exteriors, are weakly cemented with iron, and have
exteriors with redder hue or higher chroma than the interiors.

Key to Subgroups
JEEA. Kandiudalfs that have both:

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

2. 5 percent or more (by volume) plinthite in one or more
horizons within 150 cm of the mineral soil surface.
Plinthaquic Kandiudalfs

JEEB. Other Kandiudalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Kandiudalfs

JEEC. Other Kandiudalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Kandiudalfs

JEED. 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
a kandic horizon at a depth of 50 to 100 cm; and

2. 5 percent or more (by volume) plinthite in one or more
horizons within 150 cm of the mineral soil surface.
Arenic Plinthic Kandiudalfs

JEEE. 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
a kandic horizon at a depth of 100 cm or more; and

2. 5 percent or more (by volume) plinthite in one or more
horizons within 150 cm of the mineral soil surface.
Grossarenic Plinthic Kandiudalfs



218

JEEF. 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 a kandic horizon at a depth of
50 to 100 cm.

Arenic Kandiudalfs

JEEG. 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 a kandic horizon at a depth of
100 cm or more.

Grossarenic Kandiudalfs

JEEH. Other Kandiudalfs that have 5 percent or more (by
volume) plinthite in one or more horizons within 150 cm of the
mineral soil surface.

Plinthic Kandiudalfs

JEEI. Other Kandiudalfs that have, in all subhorizons in the
upper 100 cm of the kandic horizon or throughout the entire
kandic horizon if less than 100 cm thick, more than 50 percent
colors that have all of the following:

1. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Kandiudalfs

JEEJ. Other Kandiudalfs that have a mollic epipedon, an Ap
horizon that meets all of 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 Kandiudalfs

JEEK. Other Kandiudalfs.
Typic Kandiudalfs

Definition of Typic Kandiudalfs
Typic Kandiudalfs are the Kandiudalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

2. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years;

3. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

4. Do not have, in al subhorizons in the upper 100 cm of the
kandic horizon or throughout the entire kandic horizon if less
than 100 cm thick, more than 50 percent colors that have all of
the following:

Soil Taxonomy

a Hueof 25YRor redder; and
b. Value, moist, of 3 or less; and

c. Dry vaueno morethan 1 unit higher than the moist
value;

5. Have akandic horizon that has a color value, dry, of 5 or
more in some subhorizon, or a color value, moist, that is less
than the value, dry, by more than 1 unit unless hue in some
part of the kandic horizon is 5YR or yellower;

6. Do not have a horizon within 150 cm of the surface that
has 5 percent or more plinthite, by volume; and

7. Do not have a mollic epipedon, an Ap horizon that meets
all of 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.

Description of Subgroups

Typic Kandiudalfs—The central concept or Typic
subgroup of Kandiudalfsis fixed on freely drained soils that do
not have athick epipedon with a sandy or sandy-skeletal
particle-size class throughout and that do not have the color of
amollic epipedon in any Ap horizon or in subhorizons of
comparable thickness if the soils are undisturbed. The kandic
horizon has a color value, dry, of 4.5 or more in some
subhorizon, or the color values, moist and dry, differ by more
than 1 unit unless hue in some part of the kandic horizon is
5YR or yellower. The kandic horizon does not have an
appreciable amount of plinthite.

Soils that have shallow redox depletions with low chromain
horizons that also have aquic conditions for some time in
normal years (or artificial drainage) are excluded from Typic
Kandiudalfs because these properties are shared with
Kandiaqualfs. A thick epipedon with a sandy or sandy-skeletal
particle-size class throughout is considered atypical and defines
the Arenic and Grossarenic subgroups. The color of a mollic
epipedon in the plow layer or, if the soils are undisturbed, in
surface horizons of comparable thickness is not typical and
defines the Mollic subgroup. Plinthite in appreciable volume
defines the Plinthic subgroup. Typic Kandiudalfs are rare in
the United States.

AquicKandiudalfs—These soilsarelike Typic Kandiudalfs,
but they have, in one or more horizons within
75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some time
in normal years (or artificial drainage). The soils are
permitted, but not required, to have a color value, moist, of
less than 4 and a color value, dry, of less than 6 in the Ap
horizon or in the upper 18 cm after mixing and to have a
sandy or sandy-skeletal particle-size class throughout a layer
extending from the mineral soil surface to the top of a kandic
horizon at a depth of 50 cm or more below the mineral soil
surface. The soils also are permitted to have 5 percent or
more (by volume) plinthite in some subhorizon within 150 cm
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of the surface. They are not known to occur in the United
States.

ArenicKandiudalfs—These soilsarelike Typic Kandiudalfs,
but they have a sandy or sandy-skeletal particle-size class
throughout alayer extending from the mineral soil surfaceto the
top of akandic horizon at a depth of 50 to 100 cm below the
mineral soil surface. These soils are not known to occur in the
United States.

Arenic Plinthic Kandiudalfs—These soils are like Typic
Kandiudalfs, but they have a sandy or sandy-skeletal particle-
size class throughout a layer extending from the mineral soil
surface to the top of a kandic horizon at a depth of 50 to 100
cm below the mineral soil surface. They also have 5 percent or
more (by volume) plinthite in some subhorizon within 150 cm
of the surface. During rainy seasons ground water tends to
perch above the horizon that contains plinthite. These soils are
not known to occur in the United States.

Grossarenic Kandiudalfs—These soils are like Typic
Kandiudalfs, but they have a sandy or sandy-skeletal particle-
size class throughout a layer extending from the mineral soil
surface to the top of a kandic horizon at a depth of 100 cm or
more below the mineral soil surface. These soils are not known
to occur in the United States.

Grossarenic Plinthic Kandiudalfs—These soils are like
Typic Kandiudalfs, but they have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of a kandic horizon at a depth of
100 cm or more below the mineral soil surface. They also have
5 percent or more (by volume) plinthite in some subhorizon
within 150 cm of the surface. During rainy seasons ground
water tends to perch above the horizon that contains plinthite.
These soils are not known to occur in the United States.

Mollic Kandiudalfs—These soils are like Typic
Kandiudalfs, but they have a mollic epipedon, an Ap horizon
that meets all of 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. These soils
are considered intergrades between Paleudolls and
Kandiudalfs. They are not known to occur in the United States.

Oxyaquic Kandiudalfs—These soils are like Typic
Kandiudalfs, but they are saturated with water within 100 cm
of the mineral soil surface for 20 or more consecutive days or
30 or more cumulative days in normal years. In addition, the
soils are permitted, but not required, to have a color value,
moist, of 3 or lessin the Ap horizon or in the surface soil to a
depth of 18 cm after mixing and to have a sandy or sandy-
skeletal particle-size class throughout a layer extending from
the mineral soil surface to the top of a kandic horizon at a
depth of 50 cm or more below the mineral soil surface. They
also are permitted to have 5 percent or more (by volume)
plinthite in some subhorizon within 150 cm of the surface.
These soils are considered intergrades to Aqualfs.

Plinthaquic Kandiudalfs—These soils are like Typic
Kandiudalfs, but they have, in one or more horizons within 75
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cm of themineral soil surface, redox depletionswith chroma

of 2 or lessand al so aquic conditions for sometimein normal
years (or artificial drainage). They have 5 percent or more (by
volume) plinthite in one or more horizons within 150 cm of
the mineral soil surface. In addition, the soils are permitted,
but not required, to have a color value, moist, of 3 or lessin
the Ap horizon or in the surface soil to a depth of 18 cm, after
mixing. These soils are intergrades between Plinthaqualfs and
Kandiudalfs. They are not known to occur in the United
States.

Plinthic Kandiudalfs—These soils have 5 percent or more
(by volume) plinthite in some subhorizon within 150 cm of the
surface. In addition, they are permitted, but not required, to
have a color value, moist, of 3 or lessin the Ap horizon or in
the surface soil to a depth of 18 cm, after mixing. During rainy
seasons ground water tends to perch above the horizons that
contain plinthite. These soils are not known to occur in the
United States.

Rhodic Kandiudalfs—These soilsarelike Typic Kandiudalfs,
but al parts of the kandic horizon have a color value, moist, of
lessthan 3.5 and adry color value no more than 1 unit higher
than the moist value and hue in the kandic horizon is redder than
5YR. In addition, the Ap horizon or the upper 18 cm after mixing
commonly hasacolor value, moist, of lessthan 3.5 and value,
dry, no more than 1 unit higher than the moist value. These soils
arerarein the United States.

Kanhapludalfs

Kanhapludalfs are the Udalfs that have a kandic horizon.
They do not have a natric horizon, nor do they have a fragipan
with an upper boundary within 100 cm of the mineral soil
surface. They do not have both a glossic horizon and discrete
nodules, 2.5 to 30 cm in diameter, that are enriched with iron
and cemented to indurated. The base of the kandic horizon is
less than 150 cm below the soil surface, or the kandic horizon
has a clay distribution in which the content of clay decreases
from its maximum amount by 20 percent or more within 150
cm of the soil surface, and the layer in which the percentage of
clay is less than the maximum has less than 5 percent of the
volume consisting of skeletans on faces of peds or thereisless
than a 3 percent (absolute) increase in content of clay below
this layer. Most of these soils have a thermic or warmer soil
temperature regime. The natural vegetation on Kanhapludalfs
was forest, mostly deciduous, but many of the soils are now
cleared and used as cropland.

Definition
Kanhapludalfs are the Udalfs that:
1. Have akandic horizon;

2. Haveaclay distribution in which the content of clay
decreases from its maximum amount by 20 percent or more
within 150 cm of the soil surface, and the layer in which the
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percentage of clay islessthan the maximum haslessthan 5
percent of the volume consisting of skeletans on faces of peds
or thereislessthan a 3 percent (absolute) increase in content of
clay below thislayer;

3. Donot have anatric horizon;

4. Do not have afragipan with an upper boundary within 100
cm of the mineral soil surface; and

5. Do not have both a glossic horizon and, in the kandic
horizon, discrete nodules, 2.5 to about 30 cm in diameter, that
are enriched with iron, are extremely weakly cemented to
indurated, and have exteriors with either redder hue and/or
higher chroma than the interiors.

Key to Subgroups

JEFA. Kanhapludalfs that have a lithic contact within 50 cm
of the mineral soil surface.
Lithic Kanhapludalfs

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

Aquic Kanhapludalfs

JEFC. Other Kanhapludalfs that are saturated with water in
one or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or
2. 30 or more cumulative days.
Oxyaquic Kanhapludalfs

JEFD. Other Kanhapludalfs that have, in all subhorizons in
the upper 100 cm of the kandic horizon or throughout the
entire kandic horizon if less than 100 cm thick, more than 50
percent colors that have all of the following:

1. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Kanhapludalfs

JEFE. Other Kanhapludalfs.
Typic Kanhapludalfs
Definition of Typic Kanhapludalfs
Typic Kanhapludalfs are the Kanhapludalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
conditions;

Soil Taxonomy

2. Arenot saturated with water in any layer within 100 cm of
the mineral soil surfacefor 20 or more consecutive days or 30 or
more cumulative daysin normal years;

3. Do not have alithic contact within 50 cm of the soil surface;
and

4. Do not have, in all subhorizonsin the upper 100 cm of the
kandic horizon or throughout the entire kandic horizon if less
than 100 cm thick, more than 50 percent colors that have all of
the following:

a Hueof 2.5YR or redder; and
b. Value, moist, of 3 or less; and

c. Dry value no more than 1 unit higher than the moist
value.

Description of Subgroups

Typic Kanhapludalfs—The central concept or Typic
subgroup of Kanhapludalfsis fixed on freely drained soils that
are more than 50 cm deep to alithic contact.

Soils with a kandic horizon that has 50 percent or more
colors with hue of 2.5YR or redder, value, dry, of 3 or less, and
color values, moist and dry, that differ by 1 or less than 1 unit
are excluded from Typic Kanhapludalfs because these
properties are shared with Rhodudalfs. Soils that have shallow
redox depletions with low chroma in horizons that also have
aquic conditions for some time in normal years (or artificial
drainage) are excluded from Typic Kanhapludalfs because
these properties are shared with Kandiagualfs. Typic
Kanhapludalfs are rare in the United States.

Aquic Kanhapludalfs—These soils are like Typic
Kanhapludalfs, but they have, in one or more horizons within
75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some time
in normal years (or artificial drainage). The soils are
permitted, but not required, to have a kandic horizon that has
50 percent or more colors with hue of 2.5YR or redder, value,
dry, of 3 or less, and color values, moist and dry, that differ by
1 or less than 1 unit, and they are excluded from Typic
Kanhapludalfs because these properties are shared with
Rhodudalfs. Aquic Kanhapludalfs are not known to occur in
the United States.

Lithic Kanhapludalfs—These soils have a lithic contact
within 50 cm of the mineral soil surface. In addition, they are
permitted to have any color, saturation, or redox feature
allowed in Kanhapludalfs. Lithic Kanhapludalfs are not known
to occur in the United States.

Oxyaquic Kanhapludalfs—These soils are like Typic
Kanhapludalfs, but they are saturated with water within 100
cm of the mineral soil surface for 20 or more consecutive days
or 30 or more cumulative days in normal years. In addition,
these soils are permitted, but not required, to have a kandic
horizon that has 50 percent or more colors with hue of 2.5YR
or redder, value, dry, of 3 or less, and color values, moist and
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dry, that differ by 1 or lessthan 1 unit, and they are excluded
from Typic Kanhapludalfs because these properties are shared
with Rhodudalfs. Oxyaquic Kanhapludalfs are considered
intergrades to Aqualfs. They are not known to occur in the
United States.

Rhodic Kanhapludalfs—Thesesoilsarelike Typic
Kanhapludalfs, but all parts of the kandic horizon have a color
value, moist, of less than 3.5 and a dry color value no more
than 1 unit higher than the moist value and hue in the kandic
horizon is redder than 5YR. In addition, the Ap horizon or the
upper 18 cm after mixing commonly has a color value, moist,
of less than 3.5 and value, dry, no more than 1 unit higher than
the moist value. These soils are considered intergrades to
Rhodudalfs. They arerarein the United States.

Natrudalfs

Natrudalfs are the Udalfs that have a natric horizon. Because
the natric horizon is slowly permeable, perched ground water is
common for short periods and the natric horizon commonly has
redoximorphic features. These soilsare of small extent inthe
United States. Some of the soils were forested. Some supported
open forests, and some supported grass. Most of the soils have
been cleared and are used as cropland or pasture. The soils are
not so productive as most Udalfs, but they generally are farmed
if they occur in very small areas and the associated soils are
productive.

Keyto Subgroups
JEAA. Natrudalfsthat have one or both of the following:

1. Crackswithin 125 cm of themineral soil surfacethat
are5 mm or more widethrough athickness of 30 cm or
morefor sometimein normal years, and slickensides or
wedge-shaped aggregatesin alayer 15 cm or more thick
that hasits 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 Natrudalfs

JEAB. Other Natrudalfs that have:

1. Either aglossic horizon or interfingering of abic
materials into the natric horizon; and

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

a.  Within the upper 25 cm of the natric 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
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boundary of the natric horizon is 50 cm or more below the
mineral soil surface.
Glossaquic Natrudalfs

JEAC. Other Natrudalfs that have redox depletions with
chroma of 2 or lessin layers that also have aquic conditions in
normal years (or artificial drainage) either:

1. Within the upper 25 cm of the natric 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 natric horizon is 50 cm or more below the
mineral soil surface.

Aquic Natrudalfs

JEAD. Other Natrudalfs.
Typic Natrudalfs

Definition of Typic Natrudalfs
Typic Natrudalfs are the Natrudalfs that:

1. Do not have redox depletions with chroma of 2 or lessin
layers that also have aquic conditions in normal years (or
artificial drainage) either:

a.  Within the upper 25 cm of the natric 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 natric horizon is 50 cm or more below the
mineral soil surface; and

2. Do not have either:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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.

Description of Subgroups

Typic Natrudalfs—Typic Natrudalfs are not the most
extensive subgroup, but they furnish the best basis for
definition of subgroups. Most Natrudalfs are not freely drained
because the ground water is perched above the natric horizon
in many years. The perched water table is a probable cause of
the very common abic materials and glossic horizon at the
upper boundary of the natric horizon. Soils that have redox
depletions with low chroma at a shallow depth and also have
aquic conditions are considered to be intergrades toward
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Aqualfs. Soilsthat have cracks and slickensides or wedge-
shaped aggregates are excluded from the Typic subgroup
because these properties are shared with Vertisols.

Aquic Natrudalfs—Aquic Natrudalfs are not so well
drained as Typic Natrudalfs because the natric horizon
commonly has low or very low saturated hydraulic
conductivity. Soils that have a glossic horizon and
interfingering of abic materias into the upper part of the
natric horizon are excluded from the aquic subgroup because
these properties are shared with Glossagualfs.

Glossaquic Natrudalfs—These soils are not so well
drained as Typic Natrudalfs because the natric horizon
commonly has low or very low saturated hydraulic
conductivity. Glossaquic Natrudalfs also have a glossic horizon
or albic materials that interfinger into the natric horizon,
mostly between columns or prisms, commonly to a depth of 10
to 20 cm below their tops. These soils are not extensive in the
United States.

Vertic Natrudalfs—These soilsarelike Typic Natrudalfs, but
they are high in content of expanding clays and have cracks 5
mm or more wide, slickensides, wedge-shaped aggregates, or a
linear extensibility of 6.0 cm or more between the mineral soil
surface and either adepth of 100 cm or adensic, lithic, or
paralithic contact, whichever is shallower. Vertic Natrudalfsare
considered intergrades between Natrudalfs and Vertisols. They
arerarein the United States.

Paleudalfs

Paleudalfs are the Alfisols that have athick solum. These
soils do not have a kandic or natric horizon, nor do they have a
fragipan within 100 cm of the mineral soil surface. Some have
an argillic horizon that shows evidence of destruction in the
form of a glossic horizon, but they do not have both a glossic
horizon and discrete iron-cemented nodules 2.5 to 30 cm in
diameter. Paleudalfs are on relatively stable surfaces. Most of
them are older than the Wisconsinan Glaciation. The time of
soil formation dates from the Sangamon interglacial period or
earlier. Base saturation commonly is lower than that in many
other Alfisols. Before cultivation, most Paleudafs in the
United States had a vegetation of mixed deciduous hardwood
forest.

Definition
Paleudalfs are the Udalfs that:
1. Do not have a kandic or natric horizon;

2. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface;

3. Haveaclay distribution in which the percentage of clay
does not decrease from its maximum amount by as much as 20
percent within 150 cm of the soil surface, or the layer in which
the clay percentage decreases by more than 20 percent has at
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least 5 percent of the volume consisting of skeletans on faces of
peds and there is at least a 3 percent (absolute) increase in
content of clay below this layer;

4. Do not have a densic, lithic, or paralithic contact within
150 cm of the soil surface;

5. Have an argillic horizon with one or more of the
following:

a. In 50 percent or more of the matrix of one or more
subhorizons in its lower one-half, hue of 7.5YR or redder
and chroma of 5 or more; or

b. In 50 percent or more of the matrix of horizons that
total more than one-half the total thickness, hue of 2.5YR or
redder, value, moist, of 3 or less, and value, dry, of 4 or less;
or

c. Many coarse redox concentrations with hue of 5YR or
redder or chroma of 6 or more, or both, in one or more
subhorizons;

6. Do not have both a glossic horizon and, in the argillic
horizon, discrete nodules, 2.5 to 30 cm in diameter, that are
cemented or indurated with iron and that have exteriors with
redder hue or higher chroma than the interiors; and

7. Have afrigid temperature regime and all of the following:

a.  An argillic horizon that has its upper boundary 60 cm
or more below both:

(1) The mineral soil surface; and

(2) Thelower boundary of any surface mantle
containing 30 percent or more vitric volcanic ash,
cinders, or other vitric pyroclastic materials; and

b. A texture (in the fine-earth fraction) finer than loamy
fine sand in one or more horizons above the argillic
horizon; and

c. Either aglossic horizon or interfingering of albic
materials into the argillic horizon.

Key to Subgroups
JEGA. Paeudafsthat have one or both of the following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Paleudalfs
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JEGB. Other Paleudalfsthat have, throughout one or more
horizons with atotal thickness of 18 cm or more within 75 cm
of the mineral soil surface, afine-earth fraction with both a
bulk density of 1.0 g/cm? or less, measured at 33 kPa water
retention, and Al plus /> Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Paleudalfs

JEGC. Other Paleudalfs 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 is cinders,
pumice, and pumicelike 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 mm fraction, 5 percent or more
volcanic glass; and

b. [(Al plus/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Paleudalfs

JEGD. Other Paleudalfs that have both:
1. Fragic soil properties:

a. In 30 percent or more of the volume of alayer 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 alayer 15 cm
or more thick; and

2. Redox depletions with chroma of 2 or lessin layers that
also have aguic conditions in normal 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

JEGE. Other Paleudalfs that have both:

1. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal years (or
artificial drainage); and
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2. 5percent or more (by volume) plinthitein one or more
horizons within 150 cm of the mineral soil surface.
Plinthaquic Paleudalfs

JEGF. Other Paleudalfs that have both:

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

2. A dlossic horizon or, in the upper part of the argillic

horizon, one or more subhorizons that have 5 percent or

more (by volume) clay depletions with chroma of 2 or less.
Glossaquic Paleudalfs

JEGG. Other Paleudalfs that have both:

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

2. A clay increase of 15 percent or more (absolute) in the
fine-earth fraction within a vertical distance of 2.5 cm at the
upper boundary of the argillic horizon.

Albaquic Paleudalfs

JEGH. Other Paleudalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Paleudalfs

JEGI. Other Paleudalfs that have anthraquic conditions.
Anthraquic Paleudalfs

JEGJ. Other Paleudalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Paleudalfs

JEGK. Other Paleudalfs that have fragic soil properties:

1. In 30 percent or more of the volume of alayer 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 alayer 15 cm or
more thick.
Fragic Paleudalfs
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JEGL. Other Paleudafsthat 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. 5 percent or more (by volume) plinthite in one or more
horizons within 150 cm of the mineral soil surface.
Arenic Plinthic Paleudalfs

JEGM. 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 cm or more; and

2. 5 percent or more (by volume) plinthite in one or more
horizons within 150 cm of the mineral soil surface.
Grossarenic Plinthic Paleudalfs

JEGN. Other Paleudalfs that have an argillic horizon that:
1. Consists entirely of lamellae; or

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

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

JEGO. Other Paleudalfs 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 Paleudalfs

JEGP. Other Paleudalfs 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 Paleudalfs

JEGQ. Other Paleudalfs 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 Paleudalfs
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JEGR. Other Paleudalfsthat have 5 percent or more (by
volume) plinthite in one or more horizons within 150 cm of the
mineral soil surface.

Plinthic Paleudalfs

JEGS. Other Paleudalfs that have either:
1. A glossic horizon; or

2. Inthe upper part of the argillic horizon, one or more
subhorizons that have 5 percent or more (by volume)
skeletans with chroma of 2 or less; or

3. 5 percent or more (by volume) albic materials in some
subhorizon of the argillic horizon.
Glossic Paleudalfs

JEGT. Other Paleudalfs that have, in all subhorizons 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. Hueof 2.5YR or redder; and
2. Value, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Paleudalfs

JEGU. Other Paleudalfs that have a mollic epipedon, an Ap
horizon that meets all of the requirements for a mollic
epipedon except thickness, or material s between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Mollic Paleudalfs

JEGV. Other Paleudalfs.
Typic Paleudalfs

Definition of Typic Paleudalfs
Typic Paleudalfs are the Paleudalfs that:

1. Do not have, throughout a cumulative thickness of 18 cm
or more and within a depth of 75 cm, one or more of the
following:

a. A bulk density, in the fraction less than 2.0 mm in size,
of 1.0 g/cmé or less, measured at 33 kPa water retention,
and acid-oxalate-extractable aluminum plus Y2 acid-oxalate-
extractable iron of more than 1.0 percent; or

b. Fragments coarser than 2.0 mm constituting more than
35 percent of the whole soil and cinders, pumice, and
pumicelike fragments making up more than 66 percent of
these fragments; or

c. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and
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(1) Inthe0.02to 2.0 mmfraction, 5 percent or more
volcanic glass; and

(2) [(Al plusY2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more;

2. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions and do not have an increase of 15 percent or
more (absolute) clay within a vertical distance of 2.5 cm at the
upper boundary of the argillic horizon;

3. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years;

4. Do not have anthraguic conditions;

5. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

6. Do not have, in all subhorizons 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:

a Hueof 2.5YR or redder; and
b. Value, moist, of 3 or less; and

c. Dry value no more than 1 unit higher than the moist
value;

7. Have an argillic horizon that has a color value, dry, of 4.5
or more in some subhorizon, or a color value, moist, that is less
than the value, dry, by more than 1 unit unless hue in some
part of the argillic horizon is 5YR or yellower;

8. Do not have either:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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;

9. Havelessthan 5 percent (by volume) plinthite in all
subhorizons within 150 cm of the surface;

10. Have an argillic horizon that is finer than the sandy
particle-size class in some part of the upper 75 cm if the
argillic horizon is more than 75 cm thick or in any part if the
argillic horizon is less than 75 cm thick;

11. Do not have a glossic horizon or subhorizons in the upper
part of the argillic horizon that have clay depletions that:
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a Havemoist chromaof 2 or less; and

b. Occupy 5 percent or more of the volume of the
subhorizon;

12. Do not have abic materials that constitute as much as 5
percent of any subhorizon of the argillic horizon;

13. Have an argillic horizon that meets none of the following:
a. Consists entirely of lamellag; or

b. Isacombination 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

c. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are either:

(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;

14. Havefragic soil properties:

a. Inlessthan 30 percent of the volume of all layers 15 cm
or more thick that have an upper boundary within 100 cm of
the mineral soil surface; and

b. Inlessthan 60 percent of the volume of all layers 15 cm
or more thick;

15. Do not have a mollic epipedon, an Ap horizon that meets
all of 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.

Description of Subgroups

Typic Paleudalfs—The central concept or Typic subgroup
of Paleudalfsisfixed on freely drained soils that do not have a
thick epipedon with a sandy or sandy-skeletal particle-size
class throughout. These soils do not have a mollic epipedon or
an Ap horizon or subhorizons of comparable thickness that
meet all of the requirements for a mollic epipedon except
thickness. The argillic horizon has a color value, dry, of 5 or
more in some subhorizon, or the color values, moist and dry,
differ by more than 1 unit unless hue in some part of the
argillic horizon is 5YR or yellower. The argillic horizon does
not have cracks and slickensides or wedge-shaped aggregates,
and it does not have an appreciable amount of plinthite or a
sandy texture throughout. These soils do not have albic
materials that constitute as much as 5 percent of any
subhorizon of the argillic horizon.

Soilsthat have shallow redox depletionswith low chromain
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horizons that also have aquic conditions for some time in normal
years (or artificial drainage) are excluded from Typic Paleudalfs
because these properties are shared with Aqualfs. A thick
epipedon with a sandy or sandy-skeletal particle-size class
throughout is considered atypical and defines the Arenic and
Grossarenic subgroups. Typic Paleudalfs do not have a surface
mantle or layer in the upper 75 cm that has both alow bulk
density and a high content of weakly crystalline minerals or that
consists of slightly or moderately weathered pyroclastic
materials because these properties are shared with Andisols.
Soils that have a mollic epipedon or that meet all of the
requirements for a mollic epipedon, except for thickness, in the
plow layer or in surface horizons of comparable thickness are
considered atypical, and these properties define the Mollic
subgroup. Plinthite in appreciable volume defines the Plinthic
subgroup. An argillic horizon that has a sandy particle-size
class throughout its upper 75 cm is the basis for defining the
Psammentic subgroup. An argillic horizon that is composed
entirely of lamellae is the basis for defining the Lamellic
subgroup.

Typic Paleudalfs are moderately extensive in the United
States. Many are in the unglaciated areas of the Southern
States. Most of the soils that have gentle or moderate slopes
have been cleared of the original forests and are used as
cropland.

Albaquic Paleudalfs—These soils are like Typic
Paleudalfs, but they have, in one or more horizons within 75
cm of the mineral soil surface, redox depletions with chroma of
2 or less and also aquic conditions for some time in normal
years (or artificial drainage). They have an increase of 15
percent or more in the amount of clay (absolute) within a
vertical distance of 2.5 cm at the top of the argillic horizon.
They are intergrades between Albaqualfs and Paleudalfs. They
are mainly in Oklahoma and are not extensive in the United
States.

Andic and Vitrandic Paleudalfs—These soils are like
Typic Paleudalfs, but they have a surface mantle or layer in the
upper 75 cm that has both a low bulk density and a high
content of weakly crystalline minerals or that consists of
dlightly or moderately weathered pyroclastic materials. These
soils occur in the foothills and mountains of the Western
United States. They are permitted, but not required, to have
redox depletions and to be saturated with water within 100 cm
of the mineral soil surface for 7 or more consecutive days or 20
or more cumulative days in normal years. The soils are
permitted, but not required, to have a mollic epipedon or an Ap
horizon or other subhorizons of comparable thickness that meet
all of the requirements for a mollic epipedon, except for
thickness, after mixing. These soils are of very small extent but
are locally important. They generally have a frigid temperature
regime and are used as forest. Some areas have been cleared
and are used as cropland or pasture.

Anthraquic Paleudalfs—These soils are like Typic
Paleudalfs, but they have been irrigated for paddy rice
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production for many years and have developed anthraguic
conditions. They are permitted, but not required, to have redox
depletions with chroma of 2 or less in layers that also have
aquic conditions in normal years either 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 deeper
than 50 cm. These soils are permitted, but not required, to have
amollic epipedon or an Ap horizon that meets all of the
requirements for a mollic epipedon except thickness. They
have level or nearly level slopes. They are not extensive and
are not known to occur in the United States. They have been
cleared of the original forests and are used mostly for paddy
rice.

Aquic Paleudalfs—These soils are like Typic Paleudalfs,
but they have, in one or more horizons within 75 cm of the
mineral soil surface, redox depletions with chroma of 2 or less
and also aquic conditions for some time in normal years (or
artificial drainage). A gray, sandy albic horizon is not adequate
evidence of wetness. These soils are permitted, but not
required, to have a mollic epipedon or an Ap horizon or other
subhorizons of comparable thickness that meet al of the
requirements for a mollic epipedon, except for thickness, after
mixing. The soils are not extensive in the United States. Most
of them are in the Southern States. Slopes are gentle, and most
of the soils have been cleared of the original forests and are
used as cropland.

Arenic Paleudalfs—These soils 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 below the mineral soil surface. The
argillic horizons are mostly loamy and tend to have more sand
than those in Typic Paleudalfs. Arenic Paleudalfs are rare in
the United States. They occur on plains and high terraces,
mostly in Texas and Oklahoma. Slopes are mostly gentle. Most
of these soils are used as pasture, but some are used as
cropland.

Arenic Plinthic Paleudalfs—These soils 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 below the mineral soil surface. They
have 5 percent or more (by volume) plinthite in some
subhorizon within 150 cm of the surface. During rainy seasons
ground water tends to perch above the horizon that contains
plinthite. These soils are rare in the United States. They are
mostly on the coastal plain in Texas. Most of the soilsarein
forests.

Fragiaquic Paleudalfs—These soils are like Typic
Paleudalfs, but they have redox depletions with low chroma
and also aquic conditions at a shallow depth for some time in
normal years. In addition, they have fragic soil propertiesin 30
percent or more of the volume of alayer 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 alayer 15 cm
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or morethick anywherein the soils. These soils are permitted,
but not required, to have a mollic epipedon or an Ap horizon or
other subhorizons of comparable thickness that meet all of the
requirements for a mollic epipedon, except for thickness, after
mixing. These soils are considered intergrades to Fragiaqualfs.
They are not extensive in the United States.

Fragic Paleudalfs—These soils are like Typic Paleudalfs,
but they have fragic soil propertiesin 30 percent or more of the
volume of alayer 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 alayer 15 cm or more thick
anywhere in the soils. These soils are considered intergrades to
Fragiudalfs. They are not extensive in the United States.

Glossaquic Paleudalfs—These soils are like Typic
Paleudalfs, but they have, in one or more horizons within 75
cm of the mineral soil surface, redox depletions with chroma of
2 or less and also aquic conditions for some time in normal
years (or artificial drainage). In addition, they have a glossic
horizon or a subhorizon within the argillic horizon, commonly
25 cm or more below its upper boundary, that has thick
skeletans of low chroma. These soils are permitted, but not
required, to have a mollic epipedon or an Ap horizon or other
subhorizons of comparable thickness that meet all of the
requirements for a mollic epipedon, except for thickness, after
mixing. These soils are of minor extent in the central part of
the Southern United States.

Glossic Paleudalfs—These soils have a glossic horizon or
a subhorizon within the argillic horizon, commonly 25 cm or
more below its upper boundary, that has thick skeletans of low
chroma that occupy an appreciable part of the mass of the
subhorizon. These soils are permitted, but not required, to have
amollic epipedon or an Ap horizon or other subhorizons of
comparable thickness that meet all of the requirements for a
mollic epipedon, except for thickness, after mixing. The soils
are otherwise like Typic Paleudalfs in defined properties and in
accessory properties. They are not extensive in the United
States. They occur mostly in the central part of the Southern
United States. Slopes are very gentle, and most of the soils are
used as cropland.

Grossar enic Paleudalfs—These soils 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 below the mineral soil surface. The
argillic horizons are mostly loamy and tend to have more sand
than those in Typic Paleudalfs. Grossarenic Paleudalfs are of
small extent in the United States. They occur on the coastal
plain in Texas and Florida. Slopes are gentle. The soils are
used mainly as pasture, but some are used as cropland.

Grossarenic Plinthic Paleudalfs.—These soils 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 below the mineral soil
surface. The argillic horizon contains some plinthite, and
ground water may be perched above the plinthite during rainy
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seasons. These soils arerare in the United States. They are
mostly on the coastal plain in Texas. Slopes are gentle. Most of
these soils are used as forest.

Lamellic Paleudalfs—These soils are like Typic
Paleudalfs, but they have an argillic horizon that 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 cm, each layer with an overlying eluvia horizon. In some
of the soils, the argillic horizon consists of one or more
subhorizons that are more than 20 cm thick, each with an
overlying eluvia horizon, and above these horizons there are
either two or more lamellae with a combined thickness of 5 cm
or more or a combination of lamellae and one or more parts of
the argillic horizon 7.5 to 20 cm thick, each with an overlying
eluvial horizon These soils are permitted, but not required, to
have a color value, moist, of 3 or lessin the Ap horizon or in
the surface soil to a depth of 18 cm, after mixing. They are not
extensive in the United States.

Mollic Paleudalfs—These soils are like Typic Paleudalfs,
but they have a mollic epipedon, an Ap horizon that meets all
of 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. Many of the Mollic
Paleudalfs in the United States had grass vegetation or open
forest vegetation before they were cultivated. Mollic Paleudalfs
are considered intergrades between Paleudalfs and Paleudolls.
They are not extensive in the United States. Most of them are
in the center of the country, from Wisconsin to Oklahoma and
the adjacent states. Slopes are mainly gentle, and most of the
soils are used as cropland.

Oxyaquic Paleudalfs—These soils are like Typic
Paleudalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. These soils are
permitted, but not required, to have a mollic epipedon or an Ap
horizon or other subhorizons of comparable thickness that meet
all of the requirements for a mollic epipedon, except for
thickness, after mixing. The soils are not extensive in the
United States.

Plinthaquic Paleudalfs—These soils have, in one or more
horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
for some time in normal years (or artificial drainage). They
also have 5 percent or more (by volume) plinthite in some
subhorizon within 150 cm of the soil surface. These soils are
permitted, but not required, to have a mollic epipedon or an Ap
horizon or other subhorizons of comparable thickness that meet
all of the requirements for a mollic epipedon, except for
thickness, after mixing. They are of small extent, mostly in
Texas, in the United States.

Plinthic Paleudalfs—These soilshave 5 percent or more
(by volume) plinthite in some subhorizon within 150 cm of the
soil surface. During rainy seasons ground water tends to perch
for short periods above the horizons that contain plinthite.
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These soils are not extensive in the United States. They occur
mainly along the gulf coast in Texas. Their slopes are mostly
gentle. Many of the soils are used as cropland, but some arein
forests.

Psammentic Paleudalfs—These soilshavean argillic
horizon that has a sandy particle-size class throughout the
upper 75 cm or throughout the entire thickness if it is less than
75 cm thick. The clay content of the argillic horizon
approaches that of a sandy loam in most of the soils.
Psammentic Paleudalfs commonly have an epipedon that has a
texture of loamy fine sand or coarser throughout its thickness
and that may be either more or less than 50 cm thick. The soils
are permitted, but not required, to have a mollic epipedon or an
Ap horizon or other subhorizons of comparable thickness that
meet all of the requirements for a mollic epipedon, except for
thickness, after mixing. These soils are considered intergrades
between Udipsamments and Paleudalfs. They are of small
extent in the United States. Most of them are used as forest, but
some have been cleared of trees and are used as pasture or
cropland.

Rhodic Paleudalfs—These soils are like Typic Paleudalfs,
but all parts of the argillic horizon have a color value, moist, of
less than 3.5 and a dry color value no more than 1 unit higher
than the moist value and hue in the argillic horizon is 2.5YR
or redder. In addition, the Ap horizon or the upper 18 cm after
mixing normally has a color value, moist, of less than 3.5 and
value, dry, no more than 1 unit higher than the moist value.
These soils are of small extent in the United States. They occur
in the Southeastern States. Their slopes are mainly gentle.
Most of the soils have been cleared of trees and are used as
cropland or pasture.

Vertic Paleudalfs—These soils are high in content of
expanding clays and have cracks 5 mm or more wide,
dickensides, wedge-shaped aggregates, 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. They are permitted, but not required, to
have redox depletions and to be saturated with water within
100 cm of the mineral soil surface for 7 or more consecutive
days or 20 or more cumulative days in normal years. These
soils also are permitted, but not required, to have a mollic
epipedon or an Ap horizon or other subhorizons of comparable
thickness that meet all of the requirements for a mollic
epipedon, except for thickness, after mixing. The soils are of
small extent in the United States. Most of them are used as
forest or pasture, but some are used as cropland.

Rhodudalfs

Rhodudalfs are dark red Udalfs that have a thinner solum
than that of Paleudalfs. Rhodudalfs do not have a kandic or
natric horizon. They do not have a fragipan with an upper
boundary within 100 cm of the mineral soil surface. They do
not have both a glossic horizon and discrete nodules, 2.5 to 30
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cmin diameter, that are enriched with iron and cemented to
indurated. Their parent materials are mostly basic. These soils
are rare in the United States, and definitions of subgroups have
not been devel oped.

Definition
Rhodudalfs are the Udalfs that:

1. Have, inall subhorizonsinthe upper 100 cm of theargillic
horizon or throughout the entire argillic horizon if lessthan 100
cm thick, more than 50 percent colorsthat have all of the
following:

a Hueof 25YRor redder; and
b. Value, moist, of 3 or less; and

c. Dry vaueno morethan 1 unit higher than the moist
value;

2. Do not have a kandic or natric horizon;

3. Do not have a fragipan with an upper boundary within 100
cm of the mineral soil surface;

4. Do not have both a glossic horizon and, in the argillic
horizon, discrete nodules, 2.5 to about 30 cm in diameter, that
are enriched with iron, are extremely weakly cemented to
indurated, and that have exteriors with either redder hue
and/or higher chroma than the interiors; and

5. Have either adensic, lithic, or paralithic contact within
150 cm of the soil surface; or

a  Within 150 cm of the mineral soil surface, have both:

(1) A clay decrease with increasing depth of 20 percent
or more (relative) from the maximum clay content; and

(2) Lessthan 5 percent (by volume) skeletans on faces
of pedsin the layer that has a 20 percent lower clay
content or, below that layer, a clay increase of less than 3
percent (absolute) in the fine-earth fraction.

Key to Subgroups

JEHA. All Rhodudalfs (provisionally).
TypicRhodudalfs

Ustalfs

Ustalfsare the Alfisols of subhumid to semiarid regions.
They have an ustic moisture regime and a frigid, mesic,
isomesic, or warmer temperature regime. They do not have,
near the soil surface, both redoximorphic features with low
chroma and aguic conditions (other than anthraquic
conditions) for some time in normal years. Moisture moves
through most of these soils to deeper layers only in occasional
years. If there are carbonates in the parent materials or in the
dust that settles on the surface, the soils tend to have a Bk or
calcic horizon below or in the argillic or kandic horizon. The
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dry season or seasons are pronounced enough that trees are
either deciduous or xerophytic. Many of these soils have or
have had a savanna vegetation, and some were grasslands.
Most of the soils are used as cropland or for grazing. Some are
used as irrigated cropland. Sorghum, wheat, and cotton are the
most common crops. Droughts are common.

Ustalfs tend to form a belt between the Aridisols of arid
regions and the Udalfs, Ultisols, Oxisols, and Inceptisols of
humid regions. The temperature regimes of Ustalfs are mostly
thermic, isothermic, or warmer. These soils are extensive in the
world. In the United States, their areais moderate, but the soils
are extensive in the southern part of the Great Plains.

Ustalfs may bein areas of erosional surfaces or deposits of
late-Wisconsinan age, but a great many, and characteristically
those of warm regions, are on old surfaces. In the Ustalfs on
old surfaces, the minerals have been strongly weathered,
possibly in an environment more humid than the present one.
At least, the clays in many of these older soils are kaolinitic.
The base saturation in them at present probably reflects
additions of bases in dust and rain.

Definition
Ustalfs are the Alfisols that:

1. Haveanustic moistureregime;

2. Havechromatoo high for Aqualfsor do not have aquic
conditions within 50 cm of the mineral soil surface for some
time in normal years; and

3. Haveafrigid, mesic, isomesic, or warmer temperature
regime.

Key to Great Groups

JCA. Ugtdfsthat have a duripan that has its upper boundary
within 100 cm of themineral soil surface.
Durustalfs, p. 230

JCB. 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 constitutes one-half or more of the
volume.

Plinthustalfs, p. 252

JCC. Other Ustalfsthat have anatric horizon.
Natrustalfs, p. 241
JCD. Other Ustalfs that:
1. Have akandic horizon; and

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

3. Within 150 cm of the mineral soil surface, either:
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a. Do not have aclay decrease with increasing depth of
20 percent or more (relative) from the maximum clay

content [Clay is measured noncarbonate clay or based on
the following formula: Clay % = 2.5(% water retained at
1500 kPa tension - % organic carbon), whichever value is
greater, but no more than 100]; or

b. Have5 percent or more (by volume) skeletanson
faces of pedsin 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.

Kandiustafs, p. 237

JCE. Other Ustafsthat have akandic horizon.
Kanhaplustalfs, p. 240

JCF. Other Ustalfs that 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. Nodensic, lithic, or paralithic contact within 150 cm of
the mineral soil surface and an argillic horizon that has
both:

a  Within 150 cm of the mineral soil surface, either:

(1) With increasing depth, no clay decrease of 20
percent or more (relative) from the maximum clay
content [Clay is measured noncarbonate clay or based
on the following formula: Clay % = 2.5(% water
retained at 1500 kPa tension - % organic carbon),
whichever value is greater, but no more than 100]; or

(2) 5 percent or more (by volume) skeletans on faces
of pedsin 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. Inthelower one-half of the argillic horizon, one or
more subhorizons with either or both:

(1) Hueof 7.5YR or redder and chroma of 5 or more
in 50 percent or more of the matrix; or

(2) Common or many coarse redox concentrations
with hue of 7.5YR or redder or chroma of 6 or more,
or both; or

3. Nodensic, lithic, or paralithic contact within 50 cm of
the mineral soil surface and an argillic horizon that has
both:

a. A clayey or clayey-skeletal particle-size class
throughout one or more subhorizons in its upper part;
and

b. Atitsupper boundary, aclay increase (in the fine-
earth fraction) of either 20 percent or more (absolute)
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within avertical distance of 7.5 cm or of 15 percent or more
(absolute) within avertical distanceof 2.5 cm.
Paleustalfs, p. 246

JCG. Other Ustalfs that have, in all subhorizons 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. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3or less; and

3. Dry valueno morethan 1 unit higher than the moist
value.
Rhodustalfs, p. 252

JCH. Other Ustalfs.
Haplustalfs, p. 230

Durustalfs

Durustalfs are the Ustalfs that have a duripan that has its
upper boundary within 100 cm of the mineral soil surface.
They are not known to occur in the United States, but the great
group has been provided for use in other countries. Subgroups
have not been devel oped.

Key to Subgroups

JCAA. All Durustalfs (provisionaly).
TypicDurustalfs

Haplustalfs

Haplustalfs are the Ustalfs that have an argillic horizon. They
do not have a kandic or natric horizon, do not have a duripan
that hasits upper boundary within 100 cm of the surface, do not
have a petrocal cic horizon within 150 cm of the surface, and do
not have much plinthite. Many of these soils are relatively thin,
arereddish to yellowish brown, or have asignificant clay
decrease within 150 cm of the surface. They are not dark red or
dusky red throughout the argillic horizon. Theargillic horizon
does not have both a clayey or clayey-skeletal particle-size class
in some subhorizon in its upper part and an abrupt upper
boundary.

Haplustalfs are commonly in areas of relatively recent
erosional surfaces or deposits, most of them late Pleistocene in
age. Some of the soils have a monsoon climate. Others have
two more or less marked dry seasons during the year.

Definition
Haplustalfs are the Ustalfs that:

1. Havean argillic horizon but do not have a kandic or natric
horizon;
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2. Do not have aduripan that has an upper boundary within
100 cm of the mineral soil surface;

3. Do not have a petrocalcic horizon that has an upper
boundary within 150 cm of the mineral soil surface;

4. Do not have plinthite that forms a continuous phase or
consgtitutes more than half the matrix within any subhorizon
of the argillic horizon within 125 cm of the mineral soil
surface;

5. Have an argillic horizon that in some part has hue no
redder than 5YR or value, moist, of 4 or more or value, dry,
more than 1 unit higher than the moist value;

6. Haveadensic, lithic, or paralithic contact at a depth of less
than 150 cm below the mineral soil surface, or the argillic
horizon has either:

a  Within 150 cm of the mineral soil surface: either

(1) A clay decrease with increasing depth of 20 percent
or more (relative) from the maximum clay content; or

(2) Lessthan 5 percent (by volume) skeletans on faces
of pedsin the layer that has a 20 percent lower clay
content or, below that layer, no clay increase of as much
as 3 percent (absolute) in the fine-earth fraction; or

b. All of the following:

(1) In 50 percent or more of the matrix of all
subhorizons in its lower one-half, hue of 10YR or
yellower or chroma of 4 or less; and

(2) Inlessthan one-half of the total thickness,
subhorizons that have, in 50 percent or more of the
matrix, hue of 7.5YR or redder, a color value, moist, of 3
or less, and a color value, dry, of 4 or less; and

(3) Inthe matrix of al subhorizonsin its lower one-
half, few or no coarse redox concentrations with hue of
7.5YR or redder or chroma of 6 or more, or both;

7. Haveadensic, lithic, or paralithic contact at a depth of less
than 50 cm below the mineral soil surface, or the argillic
horizon either:

a. Doesnot have aclayey or clayey-skeletal particle-size
class in some subhorizon in its upper part; or

b. At its upper boundary, has a clay increase, in the fine-
earth fraction, of less than 15 percent (absolute) within a
vertical distance of 2.5 cm, and less than 20 percent
(absolute) within a vertical distance of 7.5 cm.

Key to Subgroups

JCHA. Haplustalfsthat have alithic contact within 50 cm of
the mineral soil surface.
Lithic Haplustalfs
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JCHB. Other Haplustalfsthat have both:
1. Oneor both of thefollowing:

a  Crackswithin 125 cm of themineral soil surfacethat
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal years (or
artificial drainage).

Aquertic Haplustalfs

JCHC. Other Haplustalfs that have both:
1. Oneor both of the following:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Saturation with water in one or more layers within 100
cm of the mineral soil surface in normal years for either or
both:

a. 20 or more consecutive days; or

b. 30 or more cumulative days.
Oxyaquic Vertic Haplustalfs

JCHD. Other Haplustalfs that have both of the following:

1. When neither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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 that in normal yearsisdry in
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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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor al partsfor 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) Isdryinsome 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;

One or both of the following:

a  Crackswithin 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 normal 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

b. A linear extensibility of 6.0 cm or more between the

soil surface and either a depth of 100 cm or adensic,

lithic, or paralithic contact, whichever is shallower.
Torrertic Haplustalfs

JCHE. Other Haplustalfs that 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 that in normal yearsisdry 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, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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 adepth of 100cmor a
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densic, lithic, or paralithic contact, whichever is
shallower.
UderticHaplustalfs

JCHF. Other Haplustalfs that have one or both of the
following:

1. Crackswithin 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 normal 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

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Haplustalfs

JCHG. Other Haplustalfs that have both:

1. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal 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 Haplustalfs

JCHH. Other Haplustalfs that have both:

1. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal 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

JCHI. Other Haplustalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Haplustalfs

JCHJ. Other Haplustalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or
2. 30 or more cumulative days.
Oxyaquic Haplustalfs

JCHK. Other Haplustalfs that have, throughout one or more
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horizonswith atotal thicknessof 18 cm or morewithin 75 cm of
the mineral soil surface, one or both of the following:

1. Morethan 35 percent (by volume) fragments coarser than
2.0 mm, of which morethan 66 percent iscinders, pumice, and
pumicelike fragments; or

2. Afine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

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

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

Vitrandic Haplustalfs

JCHL. Other Haplustalfs that have an argillic horizon that:

1. Consists entirely of lamellae; or

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

3. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are 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 Haplustalfs

JCHM. Other Haplustalfs 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 Haplustalfs

JCHN. Other Haplustalfs 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 cm or more; and

2. When neither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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
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b. A mesicorthermic soil temperatureregime

and a moisture control section that in normal years
isdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor al partsfor 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) Isdryinsome 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.

Arenic Aridic Haplustalfs

JCHO. Other Haplustalfs 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 cm or more.

Arenic Haplustalfs

JCHP.  Other Haplustalfs that have both:

1. A calcic horizon with its upper boundary within 100 cm
of the mineral soil surface; and

2. When neither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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 that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor al partsfor 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) Isdryinsome part for six-tenths or more of the
cumulative days per year when the soil temperature at
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adepth of 50 cm below the soil surfaceis higher than
5¢C.
CalcidicHaplustalfs

JCHQ. Other Haplustalfs that, when neither irrigated nor
fallowed to store moisture, have one of the following:

1. A frigid temperature regime and a moisture control
section that in normal yearsisdry in al 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 surfaceis
higher than 5 °C; or

2. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis 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

3. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

a. Ismoistin 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

b. Isdry 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.
Aridic Haplustalfs

JCHR. Other Haplustalfs that have a CEC of less than 24
cmol (+)/kg clay (by IN 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

JCHS. Other Haplustalfs that have:

1. Anargillic, kandic, or natric horizon that is 35 cm or
less thick; and

2. Nodensic, lithic, or paralithic contact within 100 cm of
the mineral soil surface.
Inceptic Haplustalfs

JCHT. Other Haplustalfs that have both:

1. A calcic horizon with its upper boundary within 100 cm
of the mineral soil surface; and

2. When neither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and amoisture control
section that in normal yearsis dry in some or all parts for
less than 105 cumulative days per year when the
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temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C; or

b. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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

JCHU. Other Haplustalfs that have an argillic horizon with a
base saturation (by sum of cations) of less than 75 percent
throughout.

Ultic Haplustalfs

JCHV. Other Haplustalfs that have a calcic horizon with its
upper boundary within 100 cm of the mineral soil surface.
Calcic Haplustalfs

JCHW. Other Haplustalfs that, when neither irrigated nor
fallowed to store moisture, have one of the following:

1. A frigid temperature regime and a moisture control
section that in normal yearsis 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 surfaceis
higher than 5 °C; or

2. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis 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

3. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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 Haplustalfs

JCHX. Other Haplustalfs.
Typic Haplustalfs
Definition of Typic Haplustalfs
Typic Haplustalfs are the Haplustalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

2. Arenot saturated with water in any layer within 100 cm of
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the mineral soil surfacefor 20 or more consecutive days or 30 or
more cumulative daysin normal years;

3. Haveatexturefiner than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

4. Do not have alithic contact within 50 cm of the soil
surface;

5. Havea CEC of 24 or more cmol(+)/kg clay (by 1N
NH,OAc pH 7) in the mgjor part of the argillic horizon or in
the major part of its upper 100 cm if the argillic horizon is
more than 100 cm thick;

6. Do not 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;

7. When neither irrigated nor fallowed to store moisture:

a. Have afrigid soil temperature regime and both are dry
in some or all parts of the soil moisture control section for
105 or more cumulative days and are dry in all parts of the
soil moisture control section for less than four-tenths of the
cumulative days per year in normal years and during a
period when the temperature at a depth of 50 cm below the
soil surface is higher than 5 °C; or

b. Have amesic or thermic soil temperature regime and
both are dry for more than four-tenths of the cumulative
days per year in some part of the moisture control section
and are dry for less than six-tenths of the time in some part
of the moisture control section (nhot necessarily the same
part) in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 5 °C; or

c. Have ahyperthermic, isomesic, or warmer soil
temperature regime and:

(1) Aredryinsome or al parts of the moisture control
section for 120 or more cumulative days per year; and

(2) Aremoistin some or all parts of the moisture
control section for 90 or more consecutive days per year
both in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C; and

(3) Aremoistin some or all parts for six-tenths or more
of the cumulative days per year when the soil

temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C;

8. Have an argillic horizon that has a base saturation (by sum
of cations) of 75 percent or more in some part;

9. Do not have either:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
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that hasits 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;

10. Do not have a calcic horizon with its upper boundary
within 100 cm of the mineral soil surface;

11. Have an argillic horizon that meets none of the following:

a. Consists entirely of lamellag; or

b. Isacombination of two or more lamellae and one or
more subhorizons with a thickness of 7.5 to 20 cm, each
layer with an overlying eluvia horizon; or

c. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are either:

(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;

12. Have an argillic horizon more than 35 cm thick; and

13. Do not 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:

a. Morethan 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments; or

b. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diameter; and

(1) Inthe0.02 to 2.0 mm fraction, 5 percent or more
volcanic glass; and

(2) [(Al plus Y2 Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Description of Subgroups

Typic Haplustalfs—The central concept or Typic subgroup
of Haplustalfsis fixed on freely drained soils that are
moderately deep or deep to hard rock; that have an argillic
horizon that has aloamy or clayey particle-size class, some 2:1
lattice clay, and high base saturation; that do not have deep,
wide cracks in normal years; that do not have a calcic horizon
at a moderate depth; and that are moist for an appreciable part
of a growing season.

Soils that have redox depletions with low chroma near the
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surface in one or more horizons that also have aquic conditions
for some time in normal years (or artificial drainage) are
excluded from Typic Haplustalfs because these properties are
shared with Aqualfs. Soils that are saturated with water in one
or more layers within 100 cm of the mineral soil surface for 20
or more consecutive days or 30 or more cumulative daysin
normal years are considered atypical and define the Oxyaquic
subgroup. A thick layer, starting at the mineral soil surface, of
sand or loamy sand is not considered normal and defines
Arenic subgroups, a convention used elsewhere in this
taxonomy. A shallow lithic contact defines the Lithic subgroup,
another convention used throughout this taxonomy. Clays that
have low activity suggest strong weathering and are used to
define the Kanhaplic subgroup. An argillic horizon that has a
texture of loamy fine sand or coarser is not considered normal
and defines the Psammentic subgroup. An argillic horizon that
is composed entirely of thin lamellae defines the Lamellic
subgroup.

A soil moisture regime that approaches the udic regime is
considered more moist than normal and defines the Udic
subgroup. A moderately low base saturation throughout the
argillic horizon is considered atypical and defines the Ultic
subgroup.

Cracks and dlickensides or wedge-shaped aggregates are
properties shared with Vertisols and define Vertic subgroups. A
soil moisture regime that approaches the aridic regime is
considered drier than normal and defines Aridic subgroups.

Typic Haplustalfs are moderately extensive in the United
States. They are used mainly for grazing or as cropland.

Aquertic Haplustalfs—These soils have a clayey texture
and have expanding clay in the argillic horizon. They also
have redox depletions with low chroma within 75 cm of the
mineral soil surface that are caused by periods of wetness.
These soils are in nearly level areas and may or may not have
calcic horizons or relatively low base saturation. They are rare
in the United States.

Aquic Arenic Haplustalfs—These soils have, in one or
more horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
for some time in normal years (or artificial drainage). In
addition, they have alayer, starting at the mineral soil surface,
that is between 50 and 100 cm thick and has a texture of loamy
fine sand or coarser. The presence or absence of acalcic
horizon or of relatively low base saturation is not definitive of
this subgroup. These soils are on gentle slopes and are rare in
the United States.

Aquic Haplustalfs—These soils are like Typic Haplustalfs,
but they have redox depletions with low chroma within 75 cm
of the mineral soil surface that are caused by periods of
wetness. These soils arein nearly level areas and may or may
not have calcic horizons or relatively low base saturation. They
are locally important in the central part of the Southern United
States. They are used as cropland or for grazing.

AquulticHaplustalfs—These soilsarelike Typic
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Haplustalfs, but they have redox depletions with low chroma
within 75 cm of the mineral soil surface that are caused by
periods of wetness. These soils are in nearly level areas and
have relatively low base saturation. They are rare in the United
States.

Arenic Aridic Haplustalfs—These soils are like Typic
Haplustalfs, but they have alayer, 50 cm or more thick,
starting at the mineral soil surface, that has a texture of loamy
fine sand or coarser throughout its thickness. In addition, they
are drier than the Typic Haplustalfs and, because they have a
thick epipedon with a sandy or sandy-skeletal particle-size
class throughout, they are permitted, but not required, to have a
calcic horizon within the depths required for the Typic
subgroup. Arenic Aridic Haplustalfs are rare in the United
States.

Arenic Haplustalfs—These soils are like Typic
Haplustalfs, but they have alayer, 50 cm or more thick,
starting at the mineral soil surface, that has a texture of loamy
fine sand or coarser throughout its thickness. There is no
restriction on base saturation in the argillic horizon, except for
the limit imposed by the definition of Alfisols. A calcic horizon
may be present at any depth but is not required. These soils are
of small extent but are locally important in the southern part of
the Great Plains in the United States. Their slopes are gentle.
Most of the soils are used as cropland.

Aridic Haplustalfs—These soils are drier than Typic
Haplustalfs. They are intergrades between Haplargids and
Haplustalfs. They are extensive in the southern part of the
Great Plains of the United States. Slopes generally are gentle or
moderate. Many of these soils are used for grazing, and others
are used as cropland. Some of the cropland is irrigated, and
some is used for drought-tolerant crops.

Calcic Haplustalfs—These soils are like Typic Haplustalfs,
but they have a calcic horizon that has its upper boundary
within 100 cm of the mineral soil surface. They are rare in the
United States.

Calcic Udic Haplustalfs—These soils are like Typic
Haplustalfs, but they are dry in some part of the moisture
control section for less than four-tenths of the cumulative days
when the soil temperature at a depth of 50 cm exceeds 5 °C if
the soil temperature regime is mesic or thermic and are dry in
some or al parts of the moisture control section for less than
90 days during a period when the soil temperature at a depth of
50 cm exceeds 8 °C if the soil temperature regime is
hyperthermic, isomesic, or warmer. These soils also have a
calcic horizon that has its upper boundary within 100 cm of the
mineral soil surface. They are rare in the United States.

Calcidic Haplustalfs—These soils are drier than Typic
Haplustalfs. They have a calcic horizon that has its upper
boundary within 100 cm of the mineral soil surface. These soils
are intergrades between Calcids or Calciargids and Haplustalfs.
They are rare in the United States.

I nceptic Haplustalfs—These soilshavean argillic horizon 35
cm or less thick and have no densic, lithic, or paralithic contact
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within 100 cm of the mineral soil surface. In addition,

the base saturation of all parts of the argillic horizon is
permitted, but not required, to be lower than that in Typic
Haplustalfs. A calcic horizon also is permitted. These soilsare
considered intergrades to Ustepts. They arerare in the United
States.

Kanhaplic Haplustalfs—Thesesoilsarelike Typic
Haplustalfs, but they have a cation-exchange capacity (by 1N
NH,OAc pH 7) of less than 24 cmol(+)/kg clay. They are
permitted, but not required, to have a base saturation (by sum
of cations) that is less than 75 percent in all parts of the argillic
horizon and to have a calcic horizon or soft, powdery
secondary lime at any depth. The upper boundary of the argillic
horizon in these soils generally is gradual. Kanhaplic
Haplustalfs are intergrades between Haplustalfs and Ustox.
They are not known to occur on the United States mainland or
in Puerto Rico, but the subgroup is provided for use in other
countries.

Lamellic Haplustalfs—These soils are like Typic
Haplustalfs in defined properties, but they have an argillic
horizon that consists of lamellae or partially of lamellae. Most
of these soils have a sandy particle-size class, and the upper
boundary of the argillic horizon or the upper lamella may be
below a depth of 60 cm. The upper several lamellae are
commonly broken or discontinuous horizontally. These soils
are not extensive in the United States.

Lithic Haplustalfs—These soils have a lithic contact
within 50 cm of the soil surface. They are permitted to have
any of the other properties allowed in Haplustalfs. They are
common in the southwestern part of the United States. Their
dopes are moderate or strong. Most of the soils are used for
grazing.

Oxyaquic Haplustalfs—These soils are like Typic
Haplustalfs, but they are saturated with water within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years. In addition, these
soils are permitted, but not required, to have a base saturation
(by sum of cations) that is less than 75 percent. They are
considered intergrades to Aqualfs. These soils are rare in the
United States.

Oxyaquic Vertic Haplustalfs—These soils have a clayey
texture and have expanding clay in the argillic horizon. They
also have deep, wide cracks in normal years. In addition, they
are saturated with water within 100 cm of the mineral soil
surface for 20 or more consecutive days or 30 or more
cumulative days in normal years. These soils are not extensive
in the United States.

Psammentic Haplustalfs—These soils 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. In addition, the base saturation of the argillic
horizon is permitted, but not required, to be lower than that in
Typic Haplustalfs. A calcic horizon is permitted. These soils
are considered intergrades to Ustipsamments. They are of small
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extent in the United States. Their slopes are mostly gentle. Most
of these soils are grazed, but some are used for drought-tolerant
crops.

Torrertic Haplustalfs—These soils are drier than Typic
Haplustalfs. They also have a clayey texture and have
expanding clay in the argillic horizon. They have deep, wide
cracks in normal years. They are not extensive in the United
States.

Udertic Haplustalfs—These soils are like Typic
Haplustalfs, but they have a clayey texture and have expanding
clay in the argillic horizon. They are dry in some part of the
moisture control section for less than four-tenths of the
cumulative days when the soil temperature at a depth of 50 cm
exceeds 5 °C if the soil temperature regime is mesic or thermic
and are dry in some or all parts of the moisture control section
for less than 90 days during a period when the soil temperature
at adepth of 50 cm exceeds 8 °C if the soil temperature regime
is hyperthermic, isomesic, or warmer. These soils are
intergrades between Uderts and Haplustalfs. They are of small
extent but are locally important in Texas and Oklahoma in the
United States. Their slopes are mostly gentle. Most of these
soils are used as cropland.

Udic Haplustalfs—These soils are like Typic Haplustalfs,
but they are dry in some part of the moisture control section for
less than four-tenths of the cumulative days when the soil
temperature at a depth of 50 cm exceeds 5 °C if the soil
temperature regime is mesic or thermic and are dry in some or
all parts of the moisture control section for less than 90 days
during a period when the soil temperature at a depth of 50 cm
exceeds 8 °C if the soil temperature regime is hyperthermic,
isomesic, or warmer. These soils are intergrades between
Hapludalfs and Haplustalfs. They are extensive locally on the
Great Plains in the United States. Their slopes range from
gentle to strong. Where slopes are suitable, most of these soils
are used as cropland.

Ultic Haplustalfs—These soils are like Typic Haplustalfs,
but they have a base saturation (by sum of cations) that is less
than 75 percent in al parts of the argillic horizon. These soils
are intergrades between Hapludults and Haplustalfs. They are
moderately extensive in California and Oklahoma in the
United States and are extensive in some parts of the world.
Their slopes are gentle to strong in the United States. Where
dlopes are suitable, most of these soils are used as cropland.

Vertic Haplustalfs—These soils have a clayey texture and
have expanding clay in the argillic horizon. They also have
deep, wide cracksin normal years. They are not extensive in
the United States. Their slopes are gentle or moderate. Most of
these soils are used for grazing.

Vitrandic Haplustalfs—These arethe Haplustal fs that
have significant amounts of volcanic ash, pumice, or glassin
one or morelayers 18 cm or morethick within 75 cm of the
mineral soil surface. These soils do not have a high shrink-
swell potential and are not saturated within 100 cm of the
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mineral soil surfacefor extended periods. They occur in New
Mexico and are used as rangeland or woodland.

Kandiustalfs

Kandiustalfs are the Ustalfswith thick argillic horizonsthat
have relatively high base saturation but alow cation-exchange
capacity. Many of these soils occur on the older surfacesin
warm, humid or semihumid areas. Kandiustalfs occur in Africa
and South America. They are commonly used as rangeland or
cropland.

Definition
Kandiustalfs are the Ustalfs that:

1. Have akandic horizon;

2. Do not have a densic, lithic, paralithic, or petroferric
contact within 150 cm of the mineral soil surface and do not
have a duripan within 100 cm of the mineral soil surface;

3. Haveaclay distribution in which the percentage of clay
does not decrease from its maximum amount by as much as 20
percent within 150 cm of the soil surface, or the layer in which
the clay percentage decreases by more than 20 percent has at
least 5 percent of the volume consisting of skeletans on faces of
peds and there is at least a 3 percent (absolute) increase in
content of clay below this layer;

4. Do not have plinthite that forms a continuous phase or
constitutes more than half the volume of some subhorizon
within 150 cm of the mineral soil surface; and

5. Do not have a natric horizon.

Key to Subgroups

JCDA. Kandiustalfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of a kandic horizon at a depth of
100 cm or more.

Grossarenic Kandiustalfs

JCDB. Other Kandiustalfs that have both:

1. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal 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
a kandic horizon at a depth of 50 to 100 cm.

Aquic Arenic Kandiustalfs

JCDC. Other Kandiustalfsthat have 5 percent or more (by
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volume) plinthitein one or more horizonswithin 150 cm of the
mineral soil surface.
PlinthicKandiustalfs

JCDD. Other Kandiustalfsthat have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletionswith
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Kandiustalfs

JCDE. Other Kandiustafs 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
a kandic horizon at a depth of 50 to 100 cm; and

2. When neither irrigated nor fallowed to store moisture,
either:

a. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsisdry 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 hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor all partsfor 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) Isdryinsome 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.

Arenic Aridic Kandiustalfs

JCDF. Other Kandiustalfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of a kandic horizon at a depth of
50 to 100 cm.

Arenic Kandiustalfs

JCDG. Other Kandiustalfs that, when neither irrigated nor
fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis 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, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:
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a. Ismoistinsomeor al partsfor lessthan 90
consecutive days per year when the temperature at a
depth of 50 cm below the soil surface is higher than 8 °C;
and

b. Isdryinsome 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.
Aridic Kandiustalfs

JCDH. Other Kandiustalfs that, when neither irrigated nor
fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for 135 cumulative days or less per year when the
temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C; or

2. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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

JCDI. Other Kandiustalfs that have, in all subhorizons in the
upper 100 cm of the kandic horizon or throughout the entire
kandic horizon if less than 100 cm thick, more than 50 percent
colors that have all of the following:

1. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Kandiustalfs

JCDJ. Other Kandiustalfs.
Typic Kandiustalfs
Definition of Typic Kandiustalfs
Typic Kandiustalfs are the Kandiustalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

2. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

3. Have, in al horizons within 150 cm of the mineral soil
surface, less than 5 percent plinthite, by volume;

4. When neither irrigated nor fallowed to store moisture:

a. Have amesic or thermic soil temperature regime and
both are dry in some part less than six-tenths of the time



Alfisols

and are dry for more than 135 cumulative days per year in
some part of the moisture control section (not necessarily the
same part) in normal years and during a period when the soil
temperature at adepth of 50 cm exceeds5 °C; or

b. Haveahyperthermic, isomesic, or warmer soil
temperature regime and:

(1) Aredryinsomeor al partsof the moisture control
section for 120 or more cumulative days per year; and

(2) Aremoistin some or all parts of the moisture
control section for 90 or more consecutive days per year
both in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C; and

(3) Aremoistin some or all parts for six-tenths or more
of the cumulative days per year when the soil

temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C;

5. Do not have, in all subhorizons in the upper 100 cm of the
kandic horizon or throughout the entire kandic horizon if less
than 100 cm thick, more than 50 percent colors that have all of
the following:

a Hueof 2.5YR or redder; and
b. Value, moist, of 3 or less; and

c. Dry value no more than 1 unit higher than the moist
value.

Description of Subgroups

Typic Kandiustalfs.—The central concept or Typic
subgroup of Kandiustalfsis fixed on freely drained soils that
are moderately deep or deep to hard rock, that have an argillic
horizon that has aloamy or clayey particle-size class and high
base saturation, and that are moist for an appreciable part of a
growing season.

Soils that have redox depletions with low chroma near the
surface in one or more horizons that also have aquic conditions
for some time in normal years (or artificial drainage) are
excluded from Typic Kandiustalfs because these properties are
shared with Aqualfs. A thick layer, starting at the mineral soil
surface, of sand or loamy sand is not considered normal and
defines Arenic and Grossarenic subgroups, a convention used
elsewhere in this taxonomy.

A soil moisture regime that approaches the udic regimeis
considered more moist than normal and defines the Udic
subgroup.

A soil moisture regime that approaches the aridic regime is
considered drier than normal and defines Aridic subgroups.

Typic Kandiustalfs are not known to occur in the United
States. They are defined for use in other parts of the world.

Aquic Arenic Kandiustalfs—These soils have, in one or
more horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
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for sometimein normal years (or artificial drainage). In addition,
they have alayer, starting at the mineral soil surface, that is50 to
100 cm thick and has a sandy or sandy-skeletal particle-size
class throughout. These soils are on gentle slopes. They are not
known to occur in the United States. They are defined for usein
other parts of the world.

Aquic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have redox depletions with low chroma
within 75 cm of the mineral soil surface that are caused by
periods of wetness. The soils are in nearly level areas. They are
not known to occur in the United States. They are defined for
use in other parts of the world.

Arenic Aridic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have alayer, 50 to 100 cm thick, starting
at the mineral soil surface, that has a sandy or sandy-skeletal
particle-size class throughout its thickness. In addition, they
are drier than the Typic Kandiustalfs. Arenic Aridic
Kandiustalfs are on gentle slopes. They are not known to occur
in the United States. They are defined for use in other parts of
the world.

Arenic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have alayer, 50 to 100 cm thick, starting
at the mineral soil surface, that has a sandy or sandy-skeletal
particle-size class throughout its thickness. These soils are not
known to occur in the United States. They are defined for use
in other parts of the world.

Aridic Kandiustalfs—These soils are drier than Typic
Kandiustalfs. They are intergrades between Argids and
Kandiustalfs. They are not known to occur in the United
States. They are defined for use in other parts of the world.

Grossarenic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have a layer, 100 cm or more thick,
starting at the mineral soil surface, that has a sandy or sandy-
skeletal particle-size class throughout its thickness. These soils
are not known to occur in the United States. They are defined
for use in other parts of the world.

Plinthic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have 5 percent or more (by volume)
plinthite in one or more horizons within 150 cm of the mineral
soil surface. These soils are not known to occur in the United
States. They are defined for use in other parts of the world.

Rhodic Kandiustalfs—These soils are like Typic
Kandiustalfs, but they have, in all subhorizons in the upper 100
cm of the kandic horizon or throughout the entire kandic
horizon if less than 100 cm thick, more than 50 percent colors
that have hue of 2.5YR or redder, value, moist, of 3 or less, and
dry value no more than 1 unit higher than the moist value.
These soils are not known to occur in the United States. They
are defined for use in other parts of the world.

UdicKandiustalfs—Thesesoilsarelike Typic
Kandiustalfs, but they are dry in some part of the moisture
control section for less than four-tenths of the cumulative days
when the soil temperature at adepth of 50 cm exceeds 5 °C if
the soil temperature regimeismesic or thermicand aredry in
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some or al parts of the moisture control section for less than 90
days during a period when the soil temperature at a depth of 50
cm exceeds 8 °C if the soil temperature regimeis hyperthermic,
isomesic, or warmer. These soilsareintergrades between
Kandiudalfs and Kandiustalfs. They are not known to occur in
the United States. They are defined for use in other parts of the
world.

Kanhaplugtalfs

Kanhaplustalfs are the Ustalfs that have relatively high base
saturation but have a low cation-exchange capacity. These soils
do not have the thick argillic horizon characteristic of the
Kandiustalfs. Kanhaplustalfs commonly occur on the older
surfaces in warm, humid or semihumid areas. They are used
for livestock grazing or crop production.

Definition
Kanhaplustalfs are the Ustalfs that:
1. Have akandic horizon;

2. Are more than 150 cm deep and have a clay distribution
in which the content of clay decreases from its maximum
amount by 20 percent or more within 150 cm of the soil
surface, and the layer in which the percentage of clay isless
than the maximum has less than 5 percent of the volume
consisting of skeletans on faces of peds or there is less than
a 3 percent (absolute) increase in content of clay below this

layer;
3. Do not have plinthite that forms a continuous phase or

constitutes more than half the volume of some subhorizon
within 150 cm of the soil surface;

4. Do not have a natric horizon; and

5. Do not have a duripan within 100 cm of the mineral soil
surface.

Key to Subgroups

JCEA. Kanhaplustalfs that have a lithic contact within 50 cm
of the mineral soil surface.
Lithic Kanhaplustalfs

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

Aquic Kanhaplustalfs

JCEC. Other Kanhaplustalfs that, when neither irrigated nor
fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for six-tenths or more of the cumulative days per year
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when the soil temperature at a depth of 50 cm bel ow the soil
surface is higher than 5 °C; or

2. A hyperthermic, isomesic, or warmer iso soil
temperature regime and amoisture control section that in
normal years:

a. Ismoistinsomeor al partsfor lessthan 90
consecutive days per year when the temperature at a
depth of 50 cm below the soil surface is higher than 8 °C;
and

b. Isdry 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.
Aridic Kanhaplustalfs

JCED. Other Kanhaplustalfs that, when neither irrigated nor
fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for 135 cumulative days or less per year when the
temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C; or

2. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsis dry in some or al 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 Kanhaplustalfs

JCEE. Other Kanhaplustalfs that have, in all subhorizons in
the upper 100 cm of the kandic horizon or throughout the
entire kandic horizon if less than 100 cm thick, more than 50
percent colors that have all of the following:

1. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Kanhaplustalfs

JCEF. Other Kanhaplustalfs.
Typic Kanhaplustalfs
Definition of Typic Kanhaplustalfs
Typic Kanhaplustalfs are the Kanhaplustalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

2. Do not have alithic contact within 50 cm of the soil
surface;

3. When neither irrigated nor fallowed to store moisture:
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a. Haveamesicor thermic soil temperatureregimeand, in
one-half or more of the years, both are dry less than six-
tenths of the time and are dry for more than 135 cumulative
days in some part of the moisture control section (not
necessarily the same part) during a period when the soil
temperature at a depth of 50 cm exceeds 5 °C; or

b. Have ahyperthermic, isomesic, or warmer soil
temperature regime and:

(1) Aredryinsome or al parts of the moisture control
section for 120 or more cumulative days per year; and

(2) Aremoistin some or all parts of the moisture
control section for 90 or more consecutive days per year
both in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C; and

(3) Aremoistin some or all parts for six-tenths or more
of the cumulative days per year when the soil

temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C; and

4. Have, in all subhorizons in the upper 100 cm of the kandic
horizon or throughout the entire kandic horizon if less than
100 cm thick, more than 50 percent colors that have all of the
following:

a Hueof 2.5YR or redder; and
b. Value, moist, of 3 or less; and

c. Dry value no more than 1 unit higher than the moist
value.

Description of Subgroups

Typic Kanhaplustalfs—The central concept or Typic
subgroup of Kanhaplustalfs is fixed on freely drained soils that
are moderately deep or deep to hard rock and that are moist for
an appreciable part of a growing season.

Soils that have redox depletions with low chroma near the
surface in one or more horizons that also have aquic conditions
for some time in normal years (or artificial drainage) are
excluded from Typic Kanhaplustalfs because these properties
are shared with Aqualfs. A shallow lithic contact defines the
Lithic subgroup, a convention used throughout this taxonomy.
A soil moisture regime that approaches the udic regime is
considered more moist than normal and defines the Udic
subgroup. A soil moisture regime that approaches the aridic
regime is considered drier than normal and defines the Aridic
subgroup.

Typic Kanhaplustalfs are not known to occur in the United
States. They are defined for use in other parts of the world.

Aquic Kanhaplustalfs—These soils are like Typic
Kanhaplustalfs, but they have redox depletions with low
chromawithin 75 cm of the mineral soil surface that are
caused by periods of wetness. The soils are in nearly level areas
and may or may not have calcic horizons or relatively low base
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saturation. Aquic Kanhaplustalfs are not known to occur in the
United States. They are defined for use in other parts of the
world.

Aridic Kanhaplustalfs—These soilsaredrier than Typic
Kanhaplustalfs. They are intergrades between Haplargids and
Kanhaplustalfs. Aridic Kanhaplustalfs are not known to occur
in the United States. They are defined for use in other parts of
the world.

Lithic Kanhaplustalfs—These soils have a lithic contact
within 50 cm of the soil surface. They are permitted to have
any of the other properties allowed in Kanhaplustalfs. They are
not known to occur in the United States. They are defined for
use in other parts of the world.

Rhodic Kanhaplustalfs—These soils are like Typic
Kanhaplustalfs, but al of the kandic horizon or the upper 100
cm of the kandic horizon has a color with hue of 2.5YR or
redder, value, moist, of 3 or less, and a dry color value no more
than 1 unit higher than the moist value. Rhodic Kanhaplustalfs
are not known to occur in the United States. They are defined
for use in other parts of the world.

UdicKanhaplustalfs—These soilsarelike Typic
Kanhaplustalfs, but they are dry in some part of the moisture
control section for 135 or fewer cumulative days per year when
the soil temperature at a depth of 50 cm exceeds 5 °C if the soil
temperature regime is mesic or thermic and are dry in some or
all parts of the moisture control section for less than 120
cumulative days per year during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C if the soil
temperature regime is hyperthermic, isomesic, or warmer.
These soils are intergrades between Kanhapludalfs and
Kanhaplustalfs. Udic Kanhaplustalfs are not known to occur in
the United States. They are defined for use in other parts of the
world.

Natrustalfs

Natrustalfs are the Ustalfs that have a natric horizon. They do
not have aduripan within 100 cm of the mineral soil surface, nor
do they have plinthite that forms a continuous phase or
constitutes more than half the volume of some subhorizon
within 150 cm of the soil surface. The epipedonisnormally 10to
20 cmthick. Thenatric horizon generally isunderlain by aBk or
calcic horizon at adepth between about 25 and 40 cm.
Natrustalfs were considered Solonetz soils, Soloth soils, and
transitional formsin the 1938 classification. Except for afew
parts of the Great Plains and mountain basins, they are not
extensive in the United States.

Definition
Natrustalfs are the Ustalfs that:
1. Haveanatrichorizon;

2. Donot have aduripan within 100 cm of the mineral soil
surface;
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3. Do not have plinthite that forms a continuous phase or
constitutes more than half the volume of some subhorizon
within 150 cm of the soil surface.

Keyto Subgroups

JCCA. Natrustalfsthat have a salic horizon that hasits upper
boundary within 75 cm of the mineral soil surface.
Salidic Natrustalfs

JCCB. Other Natrustalfs that have all of the following:

1. Visble 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,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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 that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor all partsfor 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) Isdryinsome 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; and

3. Oneor both of the following:
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1. Whenneither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsisdry in all partsfor 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 that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor al partsfor 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) Isdryinsome 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; and

One or both of the following:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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.

Torrertic Natrustalfs

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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.

Leptic Torrertic Natrustalfs

JCCC. Other Natrustalfs that have both of the following:

JCCD. Other Natrustalfs that have both:

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

2. One or both of the following:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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
densic, lithic, or paralithic contact, whichever is
shallower.

Aquertic Natrustalfs

JCCE. Other Natrustalfs that have both of the following:

1. Visble 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,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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 that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistinsomeor al partsfor 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) Isdryinsome 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.

Aridic Leptic Natrustalfs

JCCFE. Other Natrustalfs that 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 normal 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
adensic, lithic, or paralithic contact, whichever is
shallower.

Vertic Natrustalfs

JCCG. Other Natrustafs that have both:
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1. Inoneor morehorizonswithin 75 cm of the mineral soil
surface, redox depletions with chromaof 2 or lessand also
aquic conditionsfor sometimein normal 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 cm or more.

Aquic Arenic Natrustalfs

JCCH. Other Natrustalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Natrustalfs

JCCI. Other Natrustalfs 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 cm or more.

Arenic Natrustalfs

JCCJ. Other Natrustalfs that have a petrocalcic horizon that
has its upper boundary within 150 cm of the mineral soil
surface.

Petrocalcic Natrustalfs

JCCK. Other Natrustalfs that have visible crystals of gypsum
or other salts more soluble than gypsum, or both, within 40 cm
of the mineral soil surface.

L eptic Natrustalfs

JCCL. 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,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al 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 that in normal yearsisdry 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

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistinsomeor al partsfor lessthan 90



244

consecutive days per year when the temperature at a
depth of 50 cm below the soil surfaceis higher than
8°C; and

(2) Isdryinsome 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.

Haplargidic Natrustalfs

JCCM. 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 that in normal yearsisdry in al 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 surfaceis
higher than 5 °C; or

2. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis 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

3. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

a. Ismoistin 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

b. Isdry 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.
Aridic Natrustalfs

JCCN. 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 that have these color values
after mixing.

Mollic Natrustalfs

JCCO. Other Natrustalfs.
Typic Natrustalfs
Definition of Typic Natrustalfs
Typic Natrustalfs are the Natrustalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;

2. Have an Ap horizon that has a color value, moist, of more
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than 3, or the surface soil to adepth of 18 cm, after mixing, hasa
color value, moist, of morethan 3;

3. Do not have asalic horizon that has its upper boundary
within 75 cm of the soil surface;

4. Do not have a petrocalcic horizon that has its upper
boundary within 150 cm of the surface;

5. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

6. Do not have either:

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 normal 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;

7.  When neither irrigated nor fallowed to store moisture,
meet one of the following:

a. Have afrigid temperature regime and a moisture
control section that in normal yearsisdry in al parts for
less than four-tenths 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. Have amesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for less than six-tenths 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

c. Have ahyperthermic, isomesic, or warmer soil
temperature regime and:

(1) Aredryinsomeor al parts of the moisture control
section for 120 or more cumulative days per year; and

(2) Aremoistin some or all parts of the moisture
control section for 90 or more consecutive days per year
both in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C; and

(3) Aremoistin some or al parts for six-tenths or more
of the cumulative days per year when the soil

temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C;

8. Have an exchangeable sodium percentage of 15 or more
(or a sodium adsorption ratio of 13 or more) in more than 50
percent of the natric horizon; and

9. Do not have visible crystals of gypsum or other salts more
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solublethan gypsum, or both, within 40 cm of the mineral soil
surface.

Description of Subgroups

Typic Natrustalfs—The central concept or Typic subgroup
of Natrustalfsis fixed on soils that are not so well drained as
most other Ustalfs because the natric horizon has virtualy no
hydraulic conductivity. The plow layer, if one occurs, or the
equivalent subhorizons have a color value, moist, of more than
3, and there is no salic horizon within 75 cm and no
petrocalcic horizon within 150 cm of the surface. A thick
epipedon with a sandy or sandy-skeletal particle-size class
throughout is considered atypical and is used to define Arenic
subgroups. Visible crystals of gypsum or other salts more
soluble than gypsum are not within 40 cm of the mineral soil
surface. Surface horizons above a depth of 18 cm that, after
mixing, have the color of a mollic epipedon or a plow layer
that has this color is believed to indicate a transition to
Mollisols and define the Mollic subgroup.

Soils that have shallow redox depletions with low chromain
horizons that aso have aquic conditions for some time in
normal years (or artificial drainage) are excluded from the
Typic subgroup because these properties are shared with
Aqualfs. Soils that have a shallow salic horizon are excluded
because such a horizon is shared with Salids. A petrocalcic
horizon is considered atypical and is the basis for defining the
Petrocalcic subgroup.

The Typic Natrustalfs in the United States are most
commonly in depressions or on the margins of lakes or playas.
Their slopes are nearly level. Most of these soils are used for
grazing.

Aquertic Natrustalfs—These soils are like Typic
Natrustalfs, but they have a clayey texture and have expanding
clay in the argillic horizon. They also have redox depletions
with low chroma within 75 cm of the mineral soil surface that
are caused by periods of wetness. In addition, the surface soil to
a depth of 18 cm after mixing or the Ap horizon is permitted,
but not required, to have a color value, moist, of 3 or less.
These soils are in nearly level areas. They arerare in the
United States.

Aquic Arenic Natrustalfs—These soils have, in one or
more horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
for some time in normal years (or artificial drainage). In
addition, they have alayer, starting at the mineral soil surface,
that is between 50 and 100 cm thick and has a texture of
loamy fine sand or coarser. The soils in this subgroup are
known to be locally extensive only in Texas in the United
States. Most are used for grazing. Slopes are nearly level to
gently undulating, suggesting some reworking by wind in the
late Pleistocene.

Aquic Natrustalfs—These soilsarelike Typic Natrustalfs,
but they have, in one or more horizons within 75 cm of the
mineral soil surface, redox depletions with chroma of 2 or less
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and also aquic conditions for sometimein normal years (or
artificial drainage). In addition, the surface soil to adepth of
18 cm after mixing or the Ap horizon is permitted, but not
required, to have acolor value, moist, of 3 or less. These soils
arerarein the United States. Most of them are used for
grazing.

Arenic Natrustalfs—These soilsarelike Typic Natrustalfs,
but they have a layer, starting at the mineral soil surface, 50 cm
or more thick, with a sandy or sandy-skeletal particle-size class
throughout its thickness. These soils are not extensive in the
United States. Their slopes are nearly level to gently
undulating, suggesting some reworking by wind.

Aridic Leptic Natrustalfs—These soils are drier than
Typic Natrustalfs. In addition, they have visible crystals of
gypsum or other salts more soluble than gypsum within 40 cm
of the mineral soil surface. These soils are intergrades between
Natrargids and Natrustalfs. They are rare in the United States.

Aridic Natrustalfs—These soils are drier than Typic
Natrustalfs. They are intergrades between Natrargids and
Natrustalfs. They are rare in the United States.

Haplar gidic Natrustalfs—These soils are drier than Typic
Natrustalfs. They also have 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. These
soils are intergrades between Haplargids and Natrustalfs. They
arerare in the United States.

L eptic Natrustalfs—These soils have visible crystals of
gypsum or other salts more soluble than gypsum within 40 cm
of the mineral soil surface. They are rare in the United States.

Leptic Torrertic Natrustalfs—These soils are drier than
Typic Natrustalfs. They have a clayey texture and have
expanding clay in the argillic horizon. They have deep, wide
cracks in normal years. These soils also have visible crystals of
gypsum or other salts more soluble than gypsum within 40 cm
of the mineral soil surface. They are rare in the United States.

Mollic Natrustalfs—These soils are like Typic Natrustalfs,
but the Ap horizon or the upper 18 cm after mixing has a color
value, moist, of 3 or less, generally 3. These soils are of small
extent in the United States. Their slopes are nearly level, and
most of the soils are used for grazing.

Petrocalcic Natrustalfs—These soils have a petrocalcic
horizon that is normally about 50 to 75 cm below the soil
surface but is very thin, about 5 to 10 cm thick. They are rare
in the United States.

Salidic Natrustalfs—These soils are like Typic Natrustalfs,
but they have a salic horizon within 75 cm of the surface but in
or below the natric horizon. They are rare in the United States.
Ground water in these soils isrelatively shallow and is salty.
The soils are used only for limited grazing.

Torrertic Natrustalfs—These soils are drier than Typic
Natrustalfs. They have a clayey texture and have expanding
clay in the argillic horizon. They have deep, wide cracks in
normal years. They are rare in the United States.

Vertic Natrustalfs—These soilsarelike Typic Natrustalfs,
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but they have a clayey texture and have expanding clay in the

argillic horizon. In addition, the surface soil to adepth of 18 cm
after mixing or the Ap horizon is permitted, but not required, to
have a color value, moist, of 3 or less. These soilsarein nearly
level areas. They arerarein the United States.

Paleustalfs

Paleustalfs are the reddish or red Ustalfs that are on old
surfaces. Many of them have some plinthite in their lower
horizons. Paleustalfs occur in relatively stable landscape
positions, their slopes are mostly gentle, and their genesis
began before the late Pleistocene. In the United States, they
typically have a Bk or calcic horizon in or below the argillic
horizon as a result of additions of atmospheric carbonates.
Commonly, secondary lime coats the surfaces of peds that have
noncal careous interiors and the soils may be noncalcareous at a
depth of less than 200 cm. A few of these soils, near the
boundary where they join Aridisols, have received enough
calcareous dust to have a petrocalcic horizon. A few others,
near the boundary where they join Udults or Udalfs, do not
have a Bk horizon. Before cultivation, the vegetation on the
Paleustalfs in the United States included a mixture of grasses
and woody plants. These soils are moderately extensive in the
southern part of the Great Plains in the United States, and they
probably are extensive in Africa and southern Asia.

Definition
Paleustalfs are the Ustalfs that:

1. Do not have a duripan within 100 cm of the soil surface
and do not have a natric horizon;

2. Do not have plinthite that forms a continuous phase or
congtitutes more than half the matrix within any subhorizon of
the argillic horizon within 150 cm of the soil surface; and

3. Meet one or more of the following:

a. Have apetrocalcic horizon that isin or below an argillic
horizon but that has an upper boundary within 150 cm of
the soil surface; or

b. Do not have adensic, lithic, or paralithic contact within
150 cm of the soil surface and have an argillic horizon that
has:

(1) A clay distribution in which the percentage of clay
does not decrease from its maximum amount by as much
as 20 percent from the soil surface to a depth of 150 cm,
or the layer in which the clay percentage decreases by
more than 20 percent has at least 5 percent of the volume
consisting of skeletans on faces of peds and thereis at
least a 3 percent (absolute) increase in content of clay
below this layer; and

(2) Oneor more of the following:

Soil Taxonomy

(& Hueof 7.5YR or redder and chromaof 5 or morein
50 percent or more of the matrix of one or more horizons
initslower one-half;

(b) In50 percent or more of the matrix of horizonsthat
total more than one-half the total thickness, hue of
7.5Y R or redder, value, moist, of 3 or less, and value,
dry, of 4 or less; or

(c) Inoneor morehorizonsinitslower one-half,
common coarse redox concentrations that have hue of
7.5YR or redder or chroma of 6 or more, or both; or

c. Do not have a densic, lithic, or paralithic contact within
50 cm of the surface and have an argillic horizon that has:

(1) A clayey or clayey-skeleta particle-size classin its
upper part; and

(2) Atitsupper boundary, aclay increase of at least 20
percent (absolute) within a vertical distance of 7.5 cm or
of 15 percent (absolute) within a distance of 2.5 cm, in
the fine-earth fraction.

Although the restriction on depth to a densic, lithic, or
paralithic contact in the Paleustalfs is only 50 cm, it is rare that
such a contact is within a depth of 150 cm. A few of these
soils, however, have rock at a depth of less than 100 cm.

Key to Subgroups
JCFA. Paleustalfs that have both:
1. Oneor both of the following:

a. Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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. Inone or more horizons within 75 cm of the minera
soil surface, redox depletions with chroma of 2 or less and
also aquic conditions for some time in normal years (or
artificial drainage).

Aquertic Paleustalfs

JCFB. Other Paleustalfs that have both:

1. Oneor both of the following:

a Cracks within 125 cm of the minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
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that hasits 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 adepth of 100cmor a
densic, lithic, or paralithic contact, whichever isshallower;
and

2. Saturation with water in one or morelayerswithin 100
cm of the mineral soil surfacein normal yearsfor either or
both:

a. 20 or more consecutive days; or

b. 30o0r morecumulative days.
Oxyaquic Vertic Paleustalfs

JCFC. Other Paeustalfs that 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 that in normal yearsisdry in
some part for four-tenths or less of the time (cumulative)
per year when the temperature at a depth of 50 cm below
the soil surface is higher than 5 °C; or

b. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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 minera soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal 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.

Udertic Paleustalfs

JCFD. Other Paleustalfs that have one or both of the
following:

1. Crackswithin 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 normal 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
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mineral soil surface and either adepth of 100 cm or adensic,
lithic, or paralithic contact, whichever is shallower.
Vertic Paleustalfs

JCFE. Other Paleustalfsthat have both:

1. Inoneor morehorizonswithin 75 cm of the mineral soil
surface, redox depletions with chromaof 2 or lessand also
aquic conditionsfor sometimein normal 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

JCFF.  Other Paleustalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some timein
normal years (or artificial drainage).

Aquic Paleustalfs

JCFG. Other Paleustalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surfacein
normal years for either or both:

1. 20 or more consecutive days; or

2. 30 or more cumulative days.
Oxyaquic Paleustalfs

JCFH. Other Paleustalfs that have an argillic horizon that:
1. Consists entirely of lamellae; or

2. Isacombination 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 that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are 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

JCFI. 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 cm
thick.

Psammentic Paleustalfs
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JCFJ. Other Paleustalfsthat 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. When neither irrigated nor fallowed to store moisture,
one of the following:

a. A frigid temperature regime and a moisture control
section that in normal yearsis dry in al parts for four-
tenths or more of the time (cumulative) 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 that in normal yearsisdry in
some part for six-tenths or more of the time (cumulative)
per year when the soil temperature at a depth of 50 cm
below the soil surface is higher than 5 °C; or

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor all partsfor 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) Isdryinsome 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.

Arenic Aridic Paleustalfs

JCFK. Other Paleustalfs 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 Paleustalfs

JCFL. Other Paleustalfs 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 Paleustalfs

JCFM. 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

JCFN. Other Paleustalfs that have a petrocalcic horizon that
has its upper boundary within 150 cm of the mineral soil
surface.

Petrocalcic Paleustalfs

Soil Taxonomy

JCFO. Other Paleustalfsthat have both:

1. Whenneither irrigated nor fallowed to store moisture,
either:

a. A frigid temperature regime and a moisture control
section that in normal yearsisdry in all partsfor four-
tenths or more of the time (cumulative) 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 that in normal yearsisdry in
some part for six-tenths or more of the time (cumulative)
per year when the soil temperature at a depth of 50 cm
below the soil surface is higher than 5 °C; or

c. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

(1) Ismoistin someor al partsfor 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) Isdryinsome 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; and

2. A cdcic 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 isloamy, or within 50 cm if it is clayey, and
carbonates in all horizons above the calcic horizon.

Calcidic Paleustalfs

JCFP.  Other Paleustalfs that, when neither irrigated nor
fallowed to store moisture, have:

1. A frigid temperature regime and a moisture control
section that in normal yearsisdry in al parts for four-tenths
or more of the time (cumulative) per year when the soil
temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C; or

2. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for six-tenths or more of the time (cumulative) per year
when the soil temperature at a depth of 50 cm below the soil
surface is higher than 5 °C; or

3. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal years:

a. Ismoistin some or all parts for less than 90
consecutive days per year when the temperature at a
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depth of 50 cm below the soil surfaceis higher than 8 °C;
and

b. Isdryinsome 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.
Aridic Paleustalfs

JCFQ. Other Paleustalfs that have a CEC of less than 24
cmol(+)/kg clay (by IN 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.

Kandic Paleustalfs

JCFR. Other Paleustalfs that have, in all subhorizonsin 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. Hueof 2.5YR or redder; and
2. Vaue, moist, of 3 or less; and

3. Dry value no more than 1 unit higher than the moist
value.
Rhodic Paleustalfs

JCFS. Other Paleustalfs that have an argillic horizon with a
base saturation (by sum of cations) of less than 75 percent
throughout.

Ultic Paleustalfs

JCFT. Other Paleustalfs that, when neither irrigated nor
fallowed to store moisture, have either:

1. A mesic or thermic soil temperature regime and a
moisture control section that in normal yearsis dry in some
part for four-tenths or less of the time (cumulative) per year
when the temperature at a depth of 50 cm below the soil
surface is higher than 5 °C; or

2. A hyperthermic, isomesic, or warmer iso soil
temperature regime and a moisture control section that in
normal yearsisdry in some or al 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 Paleustalfs

JCFU. Other Paleustalfs.
Typic Paleustalfs
Definition of Typic Paleustalfs
Typic Paleustalfs are the Paleustalfs that:

1. Do not have, in any horizon within 75 cm of the mineral
soil surface, redox depletions with chroma of 2 or less and also
aquic conditions;
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2. Arenot saturated with water in any layer within 100 cm of
the mineral soil surface for 20 or more consecutive days or 30
or more cumulative days in normal years;

3. Have atexture finer than loamy fine sand in one or more
subhorizons within 50 cm of the mineral soil surface;

4. Havelessthan 5 percent (by volume) plinthitein all
subhorizons within 150 cm of the soil surface;

5. When neither irrigated nor fallowed to store moisture:

a. Have afrigid temperature regime and a moisture
control section that in normal yearsisdry in al parts for
less than four-tenths of the time (cumulative) per year when
the soil temperature at a depth of 50 cm below the soil
surface is higher than 5 °C; or

b. Have amesic or thermic soil temperature regime and a
moisture control section that is dry in some part for more
than four-tenths but less than six-tenths of the time
(cumulative) when the soil temperature at a depth of 50 cm
exceeds 5 °C; or

c. Have ahyperthermic, isomesic, or warmer soil
temperature regime and:

(1) Aredryinsomeor al parts of the moisture control
section for 120 or more cumulative days per year; and

(2) Aremoistin some or all parts of the moisture
control section for 90 or more consecutive days per year
both in normal years and during a period when the soil
temperature at a depth of 50 cm exceeds 8 °C; and

(3) Aremoistin some or all parts for six-tenths or more
of the cumulative days per year when the soil

temperature at a depth of 50 cm below the soil surfaceis
higher than 5 °C;

6. Have an argillic horizon that has a base saturation (by sum
of cations) of 75 percent or more in some part;

7. Do not have either:

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 normal 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;

8. Do not have a petrocalcic horizon that has its upper
boundary within 150 cm of the soil surface;

9. Do not have acalcic horizon that has an upper boundary
within 100 cm of the soil surface if the weighted average
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particle-size class of the upper 50 cm of the argillic horizonis
sandy, or 60 cmif itisloamy, or 50 cmif itisclayey;

10. HaveaCEC of 24 or morecmol(+)/kg clay (by IN NH,OAc
pH 7) inthemajor part of the argillic horizon or in the major part
of itsupper 100 cmiif it isthicker than 100 cm;

11. Have, inall subhorizonsinthe upper 100 cm of theargillic
horizon or throughout the entire argillic horizon if lessthan 100
cm thick, more than 50 percent colorsthat have all of the
following:

a Hueof 2.5YRor redder; and
b. Value, moist, of 3 or less; and

c. Dry vaueno morethan 1 unit higher than the moist
value;

12. Have an argillic horizon that is finer than the sandy
particle-size class in some part of the upper 75 cm if the
argillic horizon is more than 75 cm thick or in any part if the
argillic horizon is less than 75 cm thick;

13. Have an argillic horizon that meets none of the following:

a. Consists entirely of lamellag; or

b. Isacombination of two or more lamellae and one or
more subhorizons with a thickness of 7.5 to 20 cm, each
layer with an overlying eluvia horizon; or

c. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there are either:

(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.

Description of Subgroups

Typic Paleustalfs—The central concept or Typic subgroup
of Paleustalfsisfixed on freely drained soils that have a thin or
loamy epipedon; that do not have cracks and slickensides or
wedge-shaped aggregates; that are moist for an appreciable
part of the growing season; and that have an argillic horizon
that contains some 2:1 lattice clays, has aloamy or clayey
particle-size class and high base saturation in at least some
part, and is not composed entirely of thin lamellae.

Soilsthat have shallow redox depletionswith low chromain
horizons that also have aquic conditions for some time in
normal years (or artificial drainage) are excluded from Typic
Paleustalfs because these properties are shared with Aqualfs. A
thick epipedon with a sandy or sandy-skeletal particle-size
class throughout is not considered normal and defines Arenic

Soil Taxonomy

and Grossarenic subgroups, a convention used elsewhere in
this taxonomy. Soilsthat have an appreciable amount of
plinthite are excluded because the presence of plinthiteisa
property of Plinthustalfs. A soil moisture regimethat is ustic
but borders on udic is more moist than normal and defines the
Udic subgroup. A moderately low base saturation throughout
theargillic horizon is considered atypical and definesthe Ultic
subgroup.

Cracks and dlickensides or wedge-shaped aggregates are
properties shared with Vertisols and define intergrades to that
order. A petrocalcic horizon causes a soil to be excluded from
the Typic subgroup, even though one is very common in
Paleustalfs, and its presence defines the Petrocalcic subgroup.
A soil moisture regime that approaches the aridic regime is
considered drier than normal and defines Aridic subgroups.

Clays that have low activity are considered evidence of
strong weathering, and their dominance is the basis for
defining the Kandic subgroup.

Typic Paleustalfs are not the most extensive subgroup of
Paleustalfs in the United States. They are mostly in Texas.
Some of them are used as cropland, and many of them are used
for grazing. The Typic subgroup was selected to provide a basis
for defining subgroups, and it is thought to be extensive in
some parts of the world.

Aquertic Paleustalfs—These soils are like Typic
Paleustalfs, but they have, in one or more horizons within 75
cm of the mineral soil surface, redox depletions with chroma of
2 or less and aso aquic conditions for some time in normal
years (or artificial drainage). In addition, they have cracks and
dickensides or wedge-shaped aggregates. The base saturation
(by sum of cations) may be less than 75 percent throughout the
argillic horizon. These soils are not extensive in the United
States. Their slopes are gentle, and most of the soils are used as
cropland.

Aquic Arenic Paleustalfs—These soils have, in one or
more horizons within 75 cm of the mineral soil surface, redox
depletions with chroma of 2 or less and also aquic conditions
for some time in normal years (or artificial drainage). In
addition, they have alayer, starting at the mineral soil surface,
that is between 50 and 100 cm thick and has a sandy or sandy-
skeletal particle-size class throughout its thickness. The base
saturation (by sum of cations) may be less than 75 percent
throughout the argillic horizon. These soils are moderately
extensive in some areas in the southern part of the Great
Plains in the United States. Their slopes are gentle or
moderate.

Aquic Paleustalfs—These soils are like Typic Paleustalfs,
but they have, in one or more horizons within 75 cm of the
mineral soil surface, redox depletions with chroma of 2 or less
and also aquic conditions for some time in normal years (or
artificial drainage). Skeletans with low chroma should not be
mistaken for redox depletions with low chroma, which are
caused by wetness. The base saturation (by sum of cations) may
be less than 75 percent throughout the argillic horizon. These
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soils are of moderate extent in the United States. Most of them
arein Texas. Their slopes are gentle, and most of the soilsare
used as cropland.

Arenic Aridic Paleustalfs—These soils have a layer,
starting at the mineral soil surface, that is between 50 and 100
cm thick and has a sandy or sandy-skeletal particle-size class
throughout its thickness. They are drier than Typic Paleustalfs.
Some Arenic Aridic Paleustalfs have a calcic horizon or a
horizon that has identifiable secondary carbonates. Arenic
Aridic Paleustalfs are of small extent in the southern part of the
Great Plainsin the United States. Their slopes are gentle. These
soilsareused mainly for grazing.

Arenic Paleustalfs—These soils have a layer, starting at
the mineral soil surface, that is between 50 and 100 cm thick
and has a sandy or sandy-skeletal particle-size class throughout
its thickness. These soils are not extensive in the United States.
Their slopes are mostly gentle or moderate. Some of the soils
are used as cropland, but most of them are used for grazing.

Aridic Paleustalfs—These soils are like Typic Paleustalfs,
but they are drier. In addition, they do not have a calcic
horizon or are noncal careous in some subhorizon above the
calcic horizon, or, if calcareous throughout, the calcic horizon
is deeper than 100 cm if the weighted average particle-size
class of the upper 50 cm of the argillic horizon is sandy, deeper
than 60 cm if the particle-size class is loamy, or 50 cm if the
particle-size classis clayey. The calcic horizon is normally in
the thick argillic horizon. These soils are thought to have been
recalcified since the argillic horizon formed. In the United
States, dust from the Aridisols to the west is a probable source
of some of the carbonates. Aridic Paleustalfs are extensivein
some areas in the southern part of the Great Plains. Their
dopes are gentle. Many of the soils are used as cropland. Some
are used for irrigated crops, mainly cotton, sorghum, and
wheat. Others are used for drought-tolerant crops or for
grazing.

Calcidic Paleustalfs—These soils are calcareous in all
subhorizons; have a calcic horizon within 100 cm of the soil
surface, commonly within 50 cm; and are drier than Typic
Paleustalfs. The argillic horizon appears to have been largely
but not entirely disrupted by the deposition of carbonates, but it
is preserved in part below the calcic horizon. Calcidic
Paleustalfs are not extensive in the United States. They are
used mainly for grazing.

Grossarenic Paleustalfs—These soils have an epipedon
that has a sandy or sandy-skeletal particle-size class throughout
and is more than 100 cm thick. The argillic horizon commonly
is sandy loam or sandy clay loam. The soils of this subgroup
are extensive only locally in Texas in the United States. Most
of them are used for grazing. Their slopes are gentle but
commonly are billowy, suggesting some reworking by wind at
some time during the late Pleistocene.

Kandic Paleustalfs—These soils have an argillic horizon
that has a CEC (by 1IN NH,OAc pH 7) of less than 24 cmol (+)/
kg clay in the major part. The base saturation (by sum of
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cations) islessthan 75 percent in all parts of the argillic horizon
in some pedons. These soils are intergrades between Paleustalfs
and Kandiustalfs. They are not known to occur in the United
States but probably are moderately extensive in some other
countries.

Lamellic Paleustalfs—These soils are like Typic
Paleustalfs in defined properties, but they have an argillic
horizon that consists of lamellae or partially of lamellae. Most
of these soils have a sandy particle-size class, and the upper
boundary of the argillic horizon or the upper lamellamay be
below a depth of 60 cm. The upper se