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Foreword

The first edition of the World Reference Base for Soil Resources (WRB) was released
at the 16th World Congress of Soil Science at Montpellier in 1998. At the same event,
it was also endorsed and adopted as the system for soil correlation and international

communication of the International Union of Soil Sciences (IUSS). The second edition
of the WRB was released at the 18th World Congress at Philadelphia in 2006.

After an additional eight years of intensive worldwide testing and data collection,
the third edition of the WRB is presented. This publication builds on and reflects the
valuable work of the authors of the earlier drafts and editions of the WRB, as well as
the experiences and contributions of many soil scientists who participated in the work

of the TUSS Working Group on the WRB.

The WRB is a soil classification system for naming soils and creating soil map legends.
It is hoped that this publication will contribute to the understanding of soil science in
the general public and in the scientific community.

The publication has been made possible by the sustained efforts of a large group of
expert authors, as well as the cooperation and logistic support of the IUSS and the
Food and Agriculture Organization of the United Nations (FAO).

Peter Schad (Chair)

Cornie van Huyssteen (Vice-Chair)
Erika Michéli (Secretary)

IUSS Working Group WRB

Ronald Vargas
Land and Water Development Division
Food and Agriculture Organization of the United Nations (FAO)
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Chapter 1 - Background and basics

Chapter 1
Background and basics

1.1 HISTORY

From its beginnings to the second edition 2006

The World Reference Base (WRB) is based on the Legend (FAO-Unesco, 1974) and the
Revised Legend (FAO, 1988) of the Soil Map of the World (FAO-Unesco, 1971-1981).
In 1980, the International Society of Soil Science (ISSS, since 2002 the International
Union of Soil Sciences, IUSS) formed a Working Group ‘International Reference Base
for Soil Classification’ for further elaboration of a science based international soil
classification system. This Working Group was renamed “World Reference Base for
Soil Resources’ in 1992. The Working Group presented the first edition of the WRB
in 1998 (FAO, 1998) and the second edition in 2006 (IUSS Working Group WRB,
2006). In 1998, the ISSS Council endorsed the WRB as its officially recommended
terminology to name and classify soils.

A detailed description of the WRB history before 2006 is given in the second edition
of the WRB (IUSS Working Group WRB, 2006).

From the second edition 2006 to the third edition 2014

The second edition of the WRB was presented at the 18th World Congress of
Soil Science 2006 in Philadelphia, USA (book: IUSS Working Group WRB, 2006;
file: ftp://ftpfao.org/agl/agll/docs/wsrr103e.pdf. After publication, some errors and
needs for improvement were identified, and an electronic update was published in

2007 http://www.fao.org/fileadmin/templates/nr/images/resources/pdf documents/
wrb2007 red.pdf.

The second edition was translated into several languages. The Russian translation is
of the 2006 printed version; whereas all other translations are of the 2007 electronic

update: Arabic, German, Polish, Slovak, Spanish, and Turkish.

Since 2006, several WRB field correlation tours were organized to test the second
edition:

2007: Germany (special topic: Technosols and Stagnosols)
2009: Mexico

2010: Norway

2011: Poland

2012: Australia (Victoria and Tasmania)

2013: Russia (ultra-continental permafrost soils in Sakha)
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The field tours associated with the meetings of the TUSS Commission on Soil
Classification in Chile (2008) and the United States (Nebraska and Towa, 2012) were
additional tests of the second edition and also the tours offered with the 19th World
Congress of Soil Science 2010 in Australia.

The second edition of the WRB is a system to classify soils. Soon after its publication,
there was an identified demand to create map legends using the WRB. For this
purpose, the ‘Guidelines for constructing small-scale map legends using the WRB’
were published in 2010 http://www.fao.org/nr/land/soils/soil/wrb-documents/en/.
They were recommended for map scales of 1 : 250 000 or smaller. The version for
classifying soils (2006/07) and the version for creating map legends (2010) are based on
the same definitions, but use different qualifier sequences and different rules for using
the qualifiers (see below).

Now, after 8 years, a third edition has been prepared.

1.2 MAJOR CHANGES IN WRB 2014

The major changes are:

® The qualifier sequences and the rules for qualifier usage are now suitable for
both classifying soils and creating map legends. They are now subdivided into
principal qualifiers (ranked for every Reference Soil Group, RSG, in order of
relevance) and supplementary qualifiers (not ranked).

® The only change at the Reference Soil Group (RSG) level is to replace
Albeluvisols by Retisols. Retisols have a broader definition and include the
former Albeluvisols.

¢ Fluvisols have moved down in the key to be the second last RSG. The Umbrisols
are now placed directly after Phaeozems. The following RSGs switched their
positions: Solonetz and Vertisols, Durisols and Gypsisols, Cambisols and
Arenosols. The soils characterized by an argic horizon now have the following
order: Acrisols — Lixisols — Alisols — Luvisols.

® The definition of Gleysols has been broadened.

® The definition of Acrisols, Alisols, Luvisols and Lixisols has been narrowed by
setting the lower depth limit for the occurrence of the argic horizon uniformly
to 100 cm. This implicitly widens the definition of Arenosols.

® There are now two different types of base saturation in use. First, the effective
base saturation is used to separate Acrisols from Lixisols, Alisols from Luvisols
and the Dystric qualifier from the Eutric qualifier. It is defined in WRB as
exchangeable(Ca + Mg + K + Na) / exchangeable(Ca + Mg + K + Na + Al);
exchangeable bases by 1 M NH,OAc (pH 7), exchangeable Al by 1 M KCl
(unbuffered). Second, the base saturation (pH 7) is used for all other purposes.
It is defined in WRB as exchangeable(Ca + Mg + K + Na) / CEC (pH 7); CEC
and exchangeable bases by 1 M NH,OAc (pH 7).

® Three new diagnostic horizons have been defined. The chernic horizon replaces
the voronic horizon and is required for Chernozems. The pretic horizon allows
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a better accommodation of “Terra preta de Indio’ within the Anthrosols. The
protovertic horizon (the former vertic properties) describes layers with weakly
expressed shrink-swell features.

e The anthric, takyric and yermic horizons have been changed to diagnostic
properties.

e ’Retic properties’ are a newly introduced diagnostic property in order to
characterize Retisols. ‘Albeluvic glossae’ replaces ‘albeluvic tonguing’. ‘Shrink-
swell cracks’ are a new diagnostic property that is useful for the definition of
Vertisols and related soils.

® Some new names have been created: ‘protocalcic properties’ (instead of
‘secondary carbonates’), ‘sideralic properties’ (instead of ‘ferralic properties’).
The ‘gleyic colour pattern’ and the ‘stagnic colour pattern’ are now ‘gleyic
properties’ and ‘stagnic properties’ repectively. The ‘abrupt textural change’ has
been renamed ‘abrupt textural difference’; and ‘lithological discontinuity’ is now
‘lithic discontinuity’.

o The albic horizon has been redefined as ‘albic material’.

e “Soil organic carbon’ has been introduced to separate pedogenetic organic carbon
from organic carbon that satisties the diagnostic criteria of artefacts. ‘Dolomitic
material’ is a new diagnostic material. ‘Hypersulfidic material” and ‘hyposulfidic
material’ are introduced as specific varieties of sulfidic material.

o “Technic hard rock’ has been renamed ‘technic hard material’.

® Major improvements have been made in the definitions of the argic and natric
horizons, in the depth criteria of the mollic and umbric horizons and in the
separation between organic and mineral materials.

® Several new qualifiers have been added to give more information about some
important soil properties. Precise rules have been introduced for the use of
specifiers to define subqualifiers.

e The WRB should be able to express characteristics regarded as important in
national systems. Some amendments have been made to allow for the better
representation of soil units in the WRB, for example from the Australian and
the Brazilian systems.

e Some parts of the world had not previously been well represented in the WRB
system before, e.g. ultra-continental permafrost soils. The system has been
enlarged to allow a better classification of these soils.

e Efforts have been made to improve the clarity of definitions and terminology.

1.3 THE OBJECT CLASSIFIED IN THE WRB

Like many common words, ‘soil” has several meanings. In its traditional meaning, soil
is the natural medium for the growth of plants, whether or not it has discernible soil
horizons (Soil Survey Staff, 1999).
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In the 1998 WRB, soil was defined as:

“... a continuous natural body which has three spatial and one temporal dimension. The
three main features governing soil are:

e [t is formed by mineral and organic constituents and includes solid, liquid and
gaseous phases.

o The constituents are organized in structures, specific for the pedological medium.
These structures form the morphological aspect of the soil cover, equivalent to
the anatomy of a living being. They result from the history of the soil cover and
from its actual dynamics and properties. Study of the structures of the soil cover
facilitates perception of the physical, chemical and biological properties; it permits
understanding the past and present of the soil, and predicting its future.

® The soil is in constant evolution, thus giving the soil its fourth dimension, time.”

Although there are good arguments to limit soil survey and mapping to identifiable
stable soil areas with a certain thickness, the WRB has taken the more comprehensive
approach to name any object forming part of the epiderm of the earth (Sokolov, 1997;
Nachtergaele, 2005). This approach has a number of advantages; notably that it allows
for the tackling environmental problems in a systematic and holistic way, and avoids
sterile discussion on a universally agreed definition of soil and its required thickness
and stability. Therefore, the object classified in the WRB is: any material within 2 m of
the Earth’s surface that is in contact with the atmosphere, excluding living organisms,
areas with continuous ice not covered by other material, and water bodies deeper than
2 m!. If explicitly stated, the object classified in the WRB includes layers deeper than
2 m.

The definition includes continuous rock, paved urban soils, soils of industrial areas,
cave soils as well as subaqueous soils. Soils under continuous rock, except those that
occur in caves, are generally not considered for classification. In special cases, the
WRB may be used to classify soils under rock, for example for palaecopedological
reconstruction of the environment.

1.4 BASIC PRINCIPLES

General principles

* The classification of soils is based on soil properties defined in terms of
diagnostic horizons, diagnostic properties and diagnostic materials, which to the
greatest extent possible should be measurable and observable in the field. Table
1 provides an overview of the diagnostics uned in the WRB.

® The selection of diagnostic characteristics takes into account their relationship
with soil forming processes. An understanding of soil-forming processes
contributes to a better characterization of soils but these processes should not,
as such, be used as differentiating criteria.

* To the extent possible at a high level of generalization, diagnostic features that
are of significance for soil management are selected.

1 In tidal areas, the depth of 2 m is to be applied at mean low water springs.
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e Climate parameters are not applied in the classification of soils. It is understood
that they should be used for interpretation purposes, in combination with soil
properties, but they should not form part of soil definitions. The classification of
soils is therefore not subordinated to the availability of climate data. The name
of a certain soil will not become obsolete due to global or local climate change.

e The WRB is a comprehensive classification system that enables accommodation
of national soil classification systems.

e The WRB is not intended to be a substitute for national soil classification
systems, but rather to serve as a common denominator for communication at
the international level.

e The WRB comprises two levels of categorical detail:
- the First Level having 32 Reference Soil Groups (RSGs);

- the Second Lewvel, consisting of the name of the RSG combined with a set of
principal and supplementary qualifiers.

® Many RSGs in the WRB are representative of major soil regions so as to provide
a comprehensive overview of the world’s soil cover.

* Definitions and descriptions reflect variations in soil characteristics that occur
both vertically and laterally in the landscape.

® The term Reference Base is connotative of the common denominator function of
the WRB: its units (RSGs) have sufficient width to facilitate harmonization and
correlation with existing national systems.

e In addition to serving as a correlation between existing classification systems,
the WRB also serves as a communication tool for compiling global soil databases
and for the inventory and monitoring of the world’s soil resources.

® The nomenclature used to distinguish soil groups retains terms that have been
used traditionally or that can be introduced easily into current language. They
are defined precisely, in order to avoid the confusion that occurs where names
are used with different connotations.

TABLE 1
The diagnostic horizons, properties and materials of the WRB

Note -— this table does not provide definitions. For diagnostic criteria, please refer to Chapter 3.

Name Simplified Description

1. Anthropogenic diagnostic horizons (all are mineral)

anthraquic horizon in paddy soils: the layer comprising the puddled layer and the plough pan,
both showing a reduced matrix and oxidized root channels

hortic horizon dark, high content of organic matter and P, high animal activity, high
base saturation; resulting from long-term cultivation, fertilization and
application of organic residues

hydragric horizon in paddy soils: the layer below the anthraquic horizon showing
redoximorphic features and/or an accumulation of Fe and/or Mn
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irragric horizon

plaggic horizon

pretic horizon

terric horizon

uniformly structured, at least moderate content of organic matter, high
animal activity; gradually built up by sediment-rich irrigation water

dark, at least moderate content of organic matter, sandy or loamy; resulting
from application of sods and excrements

dark, high content of organic matter and P, low animal activity, high
contents of exchangeable Ca and Mg, with remnants of charcoal and/or
artefacts; including Amazonian Dark Earths

showing a colour related the source material, high base saturation;
resulting from adding mineral material (with or without organic residues)
and deep cultivation

2. Diagnostic horizons that may be organic or mineral

cryic horizon
calcic horizon

fulvic horizon

melanic horizon

salic horizon

thionic horizon

perennially frozen (visible ice or, if not enough water, < 0°C)
accumulation of secondary carbonates, non-cemented

andic properties, highly humified organic matter, higher ratio of fulvic acids
to humic acids

andic properties, highly humified organic matter, lower ratio of fulvic acids
to humic acids, blackish

high amounts of readily soluble salts

with sulfuric acid and a very low pH

3. Organic diagnostic horizons

folic horizon

histic horizon

organic layer, not water-saturated and not drained

organic layer, water-saturated or drained

4. Surface mineral diagnostic horizons

chernic horizon

mollic horizon

umbric horizon

thick, very dark-coloured, high base saturation, moderate to high content
of organic matter, well-structured, high biological activity (special case of
the mollic horizon)

thick, dark-coloured, high base saturation, moderate to high content of
organic matter, not massive and hard when dry

thick, dark-coloured, low base saturation, moderate to high content of
organic matter, not massive and hard when dry

5. Other mineral diagnostic horizons related to the accumulation of substances due to
(vertical or lateral) migration processes

argic horizon

duric horizon

ferric horizon

gypsic horizon

natric horizon

petrocalcic horizon

petroduric horizon

petrogypsic horizon

petroplinthic
horizon

pisoplinthic horizon

subsurface layer with distinctly higher clay content than the overlying layer
and/or presence of illuvial clay

concretions or nodules, cemented or indurated by silica

= 5% reddish to blackish concretions and/or nodules or = 15% reddish to
blackish coarse mottles, with accumulation of Fe (and Mn) oxides

accumulation of secondary gypsum, non-cemented

subsurface layer with distinctly higher clay content than the overlying layer
and/or presence of illuvial clay; high content of exchangeable Na

accumulation of secondary carbonates, relatively continuously cemented or
indurated

accumulation of secondary silica, relatively continuously cemented or
indurated

accumulation of secondary gypsum, relatively continuously cemented or
indurated

sheet of connected yellowish, reddish and/or blackish concretions and/or
nodules or of concentrations in platy, polygonal or reticulate patterns; high
contents of Fe oxides at least in the concretions, nodules or concentrations;
relatively continuously cemented or indurated

= 40% strongly cemented to indurated, yellowish, reddish, and/or blackish
concretions and/or nodules, with accumulation of Fe oxides
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plinthic horizon

sombric horizon

spodic horizon

= 15% (single or in combination) of reddish concretions and/or nodules or
of concentrations in platy, polygonal or reticulate patterns; high contents of
Fe oxides, at least in the concretions, nodules or concentrations

subsurface accumulation of organic matter other than in spodic or natric
horizons

subsurface accumulation of organic matter and/or Fe and Al

cambic horizon

ferralic horizon

fragic horizon

nitic horizon

protovertic horizon

vertic horizon

6. Other mineral diagnostic horizons

evidence of pedogenic alteration; not meeting the criteria of diagnostic
horizons that indicate stronger alteration or accumulation processes

strongly weathered; dominated by kaolinites and oxides

structure compact to the extent that roots and percolating water penetrate
only along interped faces; non-cemented

rich in clay and Fe oxides, moderate to strong structure, shiny aggregate
faces

influenced by swelling and shrinking clays

dominated by swelling and shrinking clays

aridic properties

takyric properties

yermic properties

7. Diagnostic properties related to surface characteristics

surface layer characteristics of soils under arid conditions

heavy-textured surface layers under arid conditions in periodically flooded
soils (special case of aridic properties)

pavement and/or vesicular layer in soils under arid conditions (special case
of aridic properties)

abrupt textural
difference

albeluvic glossae

lithic discontinuity

retic properties

8. Diagnostic properties defining the relationship between two layers

very sharp increase in clay content within a limited depth range

interfingering of coarser-textured and lighter coloured material into an
argic horizon forming vertically continuous tongues (special case of retic
properties)

differences in parent material

interfingering of coarser-textured and lighter coloured material into an
argic or natric horizon

andic properties

anthric properties

continuous rock

geric properties
gleyic properties
protocalcic
properties

reducing conditions
shrink-swell cracks
sideralic properties

stagnic properties

9. Other diagnostic properties

short-range-order minerals and/or organo-metallic complexes

applying to soils with mollic or umbric horizons, if the mollic or umbric
horizon is created or substantially transformed by humans

consolidated material (excluding cemented or indurated pedogenetic
horizons)

very low effective CEC and/or acting as anion exchanger

saturated with groundwater (or upwards moving gases) long enough that
reducing conditions occur

carbonates derived from the soil solution and precipitated in the soil
(secondary carbonates), less pronounced than in calcic or petrocalcic
horizons

low rH value and/or presence of sulfide, methane or reduced Fe
open and close due to swelling and shrinking of clay minerals

relatively low CEC

saturated with surface water (or intruding liquids), at least temporarily,
long enough that reducing conditions occur
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vitric properties

= 5% (by grain count) of volcanic glass and related materials and containing
a limited amount of short-range-order minerals and/or organo-metallic
complexes

mineral material

organic material

soil organic carbon

10. Diagnostic materials related to the concentration of organic carbon

< 20% soil organic carbon
= 20% soil organic carbon

organic carbon that does not meet the diagnostic criteria of artefacts

albic material

11. Diagnostic material related to colour

light-coloured fine earth, expressed by high Munsell value and low chroma

artefacts

technic hard
material

12. Technogenic diagnostic materials (predominantly understood as parent materials)

created, substantially modified or brought to the surface by humans; no
subsequent substantial change of chemical or mineralogical properties

consolidated and relatively continuous material resulting from an industrial
process

calcaric material

colluvic material

dolomitic material

fluvic material
gypsiric material

hypersulfidic
material

hyposulfidic
material

limnic material

ornithogenic
material

sulfidic material

tephric material

13. Other diagnostic materials (predominantly understood as parent materials)

= 2% calcium carbonate equivalent, inherited from the parent material
heterogeneous mixture that has moved down a slope

= 2% of a mineral that has a ratio CaCO3/MgCO3 < 1.5

fluviatile, marine or lacustrine deposits with evident stratification

= 5% gypsum, at least partially inherited from the parent material

sulfidic material capable of severe acidification

sulfidic material not capable of severe acidification

deposited in water by precipitation or through action of aquatic organisms

remnants of birds or bird activity

containing detectable inorganic sulfides

= 30% (by grain count) of volcanic glass and related materials

Structure

Each RSG of the WRB is provided with a listing of possible principal and supplementary
qualifiers, from which the user can construct the second level of the classification. The
principal qualifiers are given in a priority sequence. The broad principles that govern
the WRB class differentiation are:
e At the first level (RSGs), classes are differentiated mainly according to
characteristic soil features produced by primary pedogenetic process, except
where special soil parent materials are of overriding importance.

e Atthesecond level (RSGs with qualifiers), soils are differentiated according to soil
features resulting from any secondary soil-forming process that has significantly
affected the primary characteristics. In many cases, soil characteristics that have
a significant effect on land use are taken into account.
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Evolution of the system

The Revised Legend of the FAO/UNESCO Soil Map of the World (FAO, 1988) was
used as a basis for the development of the WRB in order to take advantage of the
international soil correlation that had already been conducted through this project and
elsewhere. The first edition of the WRB, published in 1998, comprised 30 RSGs; the
second edition published in 2006 and the current (third) edition both have 32 RSGs.

1.5 ARCHITECTURE

The WRB comprises two levels of categorical detail:
1. the First Level having 32 Reference Soil Groups (RSGs);

2. the Second Level, consisting of the name of the RSG combined with a set of
principal and supplementary qualifiers.

First Level: The Reference Soil Groups

Table 2 provides an overview of the RSGs and the rationale for the sequence of the
RSGs in the WRB Key. The RSGs are allocated to groups on the basis of dominant
identifiers, i.e. the soil-forming factors or processes that most clearly condition the soil.

Second Level: The Reference Soil Groups with their qualifiers

In the WRB, a distinction is made between principal qualifiers and supplementary
qualifiers. Principal qualifiers are regarded as being most significant for a further
characterization of soils of the particular RSG. They are given in a ranked order.
Supplementary qualifiers give some further details about the soil. They are not ranked,
but listed alphabetically. Chapter 2 gives the rules for the use of qualifiers for naming
soils and for creating map legends.

Constructing the second level by adding qualifiers to the RSG has several advantages
compared with a dichotomic key:

e For every soil, the RSG has the appropriate number of associated qualifiers. Soils
with few characteristics have short names; soils with many characteristics (e.g.
polygenetic soils) have longer names.

e The WRB is capable of indicating most of the soil’s properties, which are
incorporated into an informative soil name.

e The system is robust. Missing data do not necessarily lead to a dramatic error in
the classification of a soil. If one qualifier is erroneously added or erroneously
omitted based on incomplete data, the rest of the soil name remains correct.
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TABLE 2

Simplified guide to the WRB Reference Soil Groups (RSGs) with suggested codes

Note - this table is not to be used as a key. For full definitions, please refer to Chapter 3 and

the Key (Chapter 4).

RSG Code

1. Soils with thick organic layers: Histosols HS
2. Soils with strong human influence -

With long and intensive agricultural use: Anthrosols AT

Containing significant amounts of artefacts: Technosols TC
3. Soils with limitations to root growth -

Permafrost-affected: Cryosols CR

Thin or with many coarse fragments: Leptosols LP

With a high content of exchangeable Na: Solonetz SN

Alternating wet-dry conditions, shrink-swell clays: Vertisols VR

High concentration of soluble salts: Solonchaks SC
4. Soils distinguished by Fe/Al chemistry -

Groundwater-affected, underwater and in tidal areas: Gleysols GL

Allophanes or Al-humus complexes: Andosols AN

Subsoil accumulation of humus and/or oxides: Podzols PZ

Accumulation and redistribution of Fe: Plinthosols PT

Low-activity clay, P fixation, many Fe oxides, strongly structured: Nitisols NT

Dominance of kaolinite and oxides: Ferralsols FR

Stagnating water, abrupt textural difference: Planosols PL

Stagnating water, structural difference and/or moderate textural

difference: Stagnosols ST
5. Pronounced accumulation of organic

matter in the mineral topsoil -

Very dark topsoil, secondary carbonates: Chernozems CH

Dark topsoil, secondary carbonates: Kastanozems KS

SDJ;;IL(JS'c:opsoil, no secondary carbonates (unless very deep), high base Phacozems PH

Dark topsoil, low base status: Umbrisols uMm
6. Accumulation of moderately soluble

salts or non-saline substances -

Accumulation of, and cementation by, secondary silica: Durisols DU

Accumulation of secondary gypsum: Gypsisols GY

Accumulation of secondary carbonates: Calcisols CL
7. Soils with clay-enriched subsoil -

Interfingering of coarser-textured, lighter coloured material into a .

finer-textured, stronger coloured layer: Retisols RT

Low-activity clays, low base status: Acrisols AC

Low-activity clays, high base status: Lixisols LX

High-activity clays, low base status: Alisols AL

High-activity clays, high base status: Luvisols Lv
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8. Soils with little or no profile differentiation -

Moderately developed: Cambisols
Sandy: Arenosols
Stratified fluviatile, marine and lacustrine sediments: Fluvisols
No significant profile development: Regosols

™M

AR

FL

RG

1.6 TOPSOILS

Topsoil characteristics are prone to rapid change with time and are therefore used only
in some cases in the WRB. Several suggestions for topsoil classification systems have
been made (Broll e al., 2006; Fox et al., 2010; Graefe et al., 2012; Jabiol et al. 2013).

They may be combined with the WRB.

1.7 TRANSLATION INTO OTHER LANGUAGES

Translations into other languages are most welcome. For copyright, please contact
FAO. However, the soil names must not be translated into any other language nor
transliterated into another alphabet. Soil names must preserve their grammatical form.
The rules for the sequence of qualifiers must be followed in any translation. Names of

RSGs and qualifiers start with capital letters.
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Chapter 2
The rules for classifying soils
and creating map legends

2.1 GENERAL RULES

Classification consists of three steps.

Step one - detecting diagnostic horizons, properties and materials
Guidelines for Soil Description (FAO, 2006) should be followed when describing the

soil and its features. It is useful to compile a list of the diagnostic horizons, properties
and materials observed (see Chapter 3). It is possible to make a preliminary classification
of the soil in the field, using all observable or easily measurable properties and features
of the soil and associated terrain. However, the final classification can be made only
when analytical data are available. Procedures for Soil Analysis (Van Reeuwijk, 2002)
should be followed in determining the chemical and physical characteristics of the soil.
A summary of these is included in Annex 2.

For the classification, only the diagnostic criteria are relevant. Numerical values
obtained in the field or in the laboratory have to be taken as such and must not be
rounded when compared with the threshold values in the diagnostic criteria. A layer
may fulfil the criteria of more than one diagnostic horizon, property or material, which
are then regarded as overlapping or coinciding. If a diagnostic horizon consists of
several subhorizons, the diagnostic criteria (except thickness) must be fulfilled in every
subhorizon separately (averages are not calculated), unless specified otherwise.

Step two - allocating the soil to a Reference Soil Group

The described combination of diagnostic horizons, properties and materials is compared
to the WRB Key (Chapter 4) in order to allocate the soil to the appropriate Reference
Soil Group (RSG). The user should go through the Key systematically, starting at the
beginning and excluding one by one all RSGs for which the specified requirements are
not met. The soil belongs to the first RSG for which it fulfils the criteria.

Step three - allocating the qualifiers

For the second level of the WRB classification, qualifiers are used. The qualifiers
available for use with a particular RSG are listed in the Key, along with the RSG. They
are divided into principal and supplementary qualifiers. The principal qualifiers are
ranked and given in an order of importance. The supplementary qualifiers are not
ranked, but are, as a convention, used in alphabetical order.

The principal qualifiers are added before the name of the RSG without brackets and
without commas. The sequence is from right to left, i.e. the uppermost qualifier in the
list is placed closest to the name of the RSG. The supplementary qualifiers are added in
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brackets after the name of the RSG and are separated from each other by commas. The
sequence is from left to right, i.e. the first qualifier according to the alphabet is placed
closest to the name of the RSG.

Qualifiers conveying redundant information are not added. For example, Eutric is
not added if the Calcaric qualifier applies.

If two or more qualifiers in the list are separated by a slash (/) only one of them can be
used. The slash signifies that these qualifiers are either mutually exclusive (e.g. Dystric
and Eutric) or one of them is redundant (see above) with the redundant qualifier(s)
listed after the slash(es). In the soil name, supplementary qualifiers are always placed
in the order of the alphabet, even if their position in the list differs from alphabetical
sequence due to the use of the slash.

Qualifiers that are mutually exclusive may apply to the same soil at different depths
and can be used with the respective specifiers (see ‘2.4 Subqualifiers’, below). If the
specifiers are used with principal qualifiers, the qualifier referring to the upper layer
is placed closer to the name of the RSG. If the specifiers are used with supplementary
qualifiers, the alphabetical sequence is according to the qualifiers, not the subqualifiers.

If qualifiers apply but are not in the list for the particular RSG, they should be added
last as supplementary qualifiers.

Qualifier names must start with capital letters.

2.2 RULES FOR CLASSIFYING SOILS

For the classification of a soil (or strictly, the allocation of a soil according to the WRB
classification) at the second level, all the principal and supplementary qualifiers that
apply must be added to the name of the RSG.

Example of a WRB soil classification
Field description:

A soil developed from loess with high-activity clays has a marked clay increase at 60 cm
depth, clay coatings in the clay-rich horizon and a field pH value around 6 in the depth
from 50 to 100 cm. The clay-poor upper soil is subdivided into a darker upper and a
light-coloured lower horizon. The clay-rich horizon has a limited amount of mottling
with intensive colours inside the soil aggregates and reducing conditions in some parts
during spring time. The following conclusions can be drawn:

a.  clay increase and/or clay coatings — argic horizon
argic horizon with high CEC and high base .

b. saturation (inferred by pH 6) > Luvisol

c. light colour - Albic qualifier

d. some mottles —> stagnic properties

.  Stagnicproperties and reducing conditions starting - Endostagnic qualifier
at 60 cm

f.  clay coatings — Cutanic qualifier

g. clay increase — Differentic qualifier
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The field classification is:
Albic Endostagnic Luvisol (Cutanic, Differentic)

Laboratory analyses:

The laboratory analyses confirm a high CEC kg™! clay in the argic horizon and a high
base saturation in the depth from 50-100 cm. They further detect the texture class of
silty clay loam with 30% clay (Siltic qualifier) in the topsoil and of silty clay with 45%
clay (Clayic Qualifier) in the subsoil.

The final classification is:

Albic Endostagnic Luvisol (Endoclayic, Cutanic, Differentic, Episiltic)

2.3 RULES FOR CREATING MAP LEGENDS
The following rules apply:

1. A map unit consists of
* a dominant soil only or

* a dominant soil plus a codominant soil and/or one or more associated soils
or

* two or three codominant soils or
* two or three codominant soils plus one or more associated soils.

Dominant soils represent = 50% of the soil cover, codominant soils = 25 and
< 50% of the soils cover. Associated soils represent = 5 and < 25% of the soil
cover, or are of high relevance in the landscape ecology.

If codominant or associated soils are indicated, the words ‘dominant:’,
. X ; . : , ) . |
codominant:’ and ‘associated:’ are written before the name of the soil; the soils
are separated by semicolons.

2. The number of qualifiers specified below refers to the dominant soil. For
codominant or associated soils, fewer numbers of qualifiers (or even no qualifier)
may be appropriate.

3. Depending on scale, different numbers of principal qualifiers are used:

a. For very small map scales (e.g. smaller than 1 : 10 000 000), only the
Reference Soil Group (RSG) is used.

b. For next larger map scales (e.g. from 1 : 5 000 000 to 1 : 10 000 000), the
RSG plus the first applicable principal qualifier are used.

c¢. For next larger map scales (e.g. from 1 : 1 000 000 to 1 : 5 000 000), the
RSG plus the first two applicable principal qualifiers are used.

d. For next larger map scales (e.g. from 1 : 250 000 to 1 : 1 000 000), the RSG
plus the first three applicable principal qualifiers are used.
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4. If there are fewer qualifiers applicable than described above, the lesser number is
used.

5. Depending on the purpose of the map or according to national traditions,
at any scale level, further qualifiers may be added optionally. They may be
additional principal qualifiers from further down the list and not already used in
the soil name, or they may be supplementary qualifiers. They are placed using
the above-mentioned rules for supplementary qualifiers. If two or more optional
qualifiers are used, the following rules apply:

a. the principal qualifiers are placed first, and of them, the first applicable
qualifier is placed first, and

b. the sequence of any supplementary qualifiers added is decided by the soil
scientist who makes the map.

Examples for map units using WRB

Example 1

A map unit dominated by a soil with a very dark mineral surface horizon, 30 cm
thick, with high base saturation, no secondary carbonates, clay illuviation features
and groundwater influence starting at 60 cm from the mineral soil surface (i.e. having
a layer, = 25 cm thick, that has gleyic properties throughout and reducing conditions
in some parts of every sublayer), will be named as follows:

e at the first map scale level: - Phaeozems

® at the second map scale level: > Chernic Phaeozems

e at the third map scale level: - Gleyic Chernic Phaeozems

e at the fourth map scale level: = Luvic Gleyic Chernic Phaeozems
Example 2
In a map unit, continuous rock starts at 80 cm. In 80% of the area, the soil above the
continuous rock has less than 40% coarse fragments, in the other 20% of the area, the
soil above the continuous rock has 85% coarse fragments. The soils are calcareous and

silty. This map unit will be named as follows:

e at the first map scale level: - dominant: Regosols
— associated: Leptosols

at the second map scale level: - dominant: Leptic Regosols
- associated: Hyperskeletic Leptosols

at the third map scale level: - dominant: Calcaric Leptic Regosols
— associated: Hyperskeletic Leptosols

at the fourth map scale level: - dominant: Calcaric Leptic Regosols
- associated: Hyperskeletic Leptosols

In this example, the next applicable qualifier for the Regosols is Eutric. However, as
high base saturation is already indicated by the Calcaric qualifier, the Eutric qualifier is
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redundant. Therefore in this case, only two qualifiers are applicable at the fourth map
scale level.

The high silt content may be expressed by the Siltic qualifier, which as a supplementary
qualifier is optional in a map legend. However it may be added at any scale level, for
example:
Regosols (Siltic)
Leptic Regosols (Siltic)
Calcaric Leptic Regosols (Siltic)
Example 3
A map unit dominated by a soil with a thick layer of strongly decomposed acidic
organic material, 70 cm thick, with continuous rock at 80 cm and in an environment
with a large excess of precipitation will be named as follows:
e at the first map scale level: > Histosols
* at the second map scale level: - Sapric Histosols
e at the third map scale level: = Leptic Sapric Histosols
e at the fourth map scale level: - Ombric Leptic Sapric Histosols
In this example the next applicable qualifier is Dystric. However as three qualifiers
are already used, the fourth may be added as an optional qualifier. In a similar way,
optional qualifiers may be used at the other scale levels:
Histosols (Sapric)
Sapric Histosols (Leptic, Ombric)
Leptic Sapric Histosols (Ombric)

Ombric Leptic Sapric Histosols (Dystric)

2.4 SUBQUALIFIERS

Qualifiers may be combined with specifiers (e.g. Epi-, Proto-) to form subqualifiers
(e.g. Epiarenic, Protocalcic). Depending on the specifier, the subqualifier fulfils all the
criteria of the respective qualifier, or it deviates in a defined way from its set of criteria.
The following rules apply:

e If a subqualifier applies that fulfils all the criteria of the qualifier, the subqualifier
can — but does not have to - be used instead of its qualifier (optional
subqualifiers).

e If a subqualifier applies that fulfils all the criteria of the qualifier except thickness
and/or depth criteria, the subqualifier can — but does not have to - be used, but
not the qualifier (additional subqualifiers). Note — it may be that the qualifier is
not listed with the available qualifiers for the respective RSG in Chapter 4.
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e If a subqualifier applies that deviates in a defined way from the set of criteria of
the qualifier, the subqualfier must be used instead of the qualifier that is listed as
available for the respective RSG in Chatper 4 (mandatory subqualifiers). This
is the case for some subqualifiers with a given definition (see below).

Optional and additional subqualifiers are recommended especially for naming soils.
Their use is not recommended for principal qualifiers in map units or wherever
generalization is important.

The use of specifiers does not change the position of the qualifier in the soil name
with the exception of the specifiers Bathy-, Thapto-, and Proto- (see below). The
alphabetical sequence of the supplementary qualifiers is according to the qualifier, not
the subqualifier.

Some subqualifiers can be constructed by the user according to certain rules (see
Chapter 2.4.1). Other subqualifiers have a fixed definition given in Chapter 5 (see
Chapter 2.4.2).

2.4.1 SUBQUALIFIERS CONSTRUCTED BY THE USER

Constructed subqualifiers related to depth requirements

Qualifiers that have depth requirements can be combined with the specifiers Epi-,
Endo-, Amphi-, Ano-, Kato-, Panto- and Bathy- to create subqualifiers (e.g.
Epicalcic, Endocalcic) further expressing the depth of occurrence. If two or more of
these specifiers are applicable, only the one representing the strongest expression is
used (e.g. if Panto- is applicable, the others are not used). Qualifiers that are mutually
exclusive at the same depth may be applicable at different depths in the same soil.
Qualifiers that already have a depth range requirement of 0-50 cm or 50-100 cm from
the soil surface do not require these extra depth specifiers.

Depending on the particular qualifier and the particular soil characteristics, depth-
related subqualifiers are used in the following different ways:

1. If a qualifier refers to a characteristic that occurs at a specific point of depth (e.g.
Raptic), optional subqualifiers can be constructed with the following specifiers:

Epi- (from Greek epi, over): the characteristic is present somewhere < 50 cm
from the (mineral) soil surface and is absent > 50 and < 100 ¢cm from the
(mineral) soil surface.

Endo- (from Greek endon, inside): the characteristic is present somewhere
> 50 and < 100 cm from the (mineral) soil surface and is absent < 50 cm
from the (mineral) soil surface.

Amphi- (from Greek amphi, around): the characteristic is present two or
more times, once or more times somewhere < 50 cm from the (mineral)
soil surface and once or more times somewhere > 50 and < 100 cm from
the (mineral) soil surface.

2. If a qualifier refers to a horizon or layer (e.g. Calcic, Arenic, Fluvic), optional
subqualifiers can be constructed with the following specifiers (see Figure 1):
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Epi- (from Greek epi, over): the horizon or layer has its lower limit < 50 cm
of the (mineral) soil surface; and no such horizon or layer occurs between
50 and 100 ¢m of the (mineral) soil surface; and not used if the definition
of the qualifier or of the horizon requires that the horizon or layer starts
at the (mineral) soil surface.

Endo- (from Greek endon, inside): the horizon or layer starts = 50 cm from
the (mineral) soil surface; and no such horizon or layer occurs < 50 cm of
the (mineral) soil surface. (Examples: Endocalcic: the calcic horizon starts
= 50 and = 100 cm from the soil surface; Endospodic: the spodic horizon
starts = 50 and < 200 cm from the mineral soil surface.)

Amphi- (from Greek amphi, around): the horizon or layer starts > 0 and < 50
cm of the (mineral) soil surface and has its lower limit > 50 and < 100 cm
of the (mineral) soil surface; and no such horizon or layer occurs < 1 cm
of the (mineral) soil surface; and no such horizon or layer occurs between
99 and 100 cm of the (mineral) soil surface.

Ano- (from Greek ano, upwards): the horizon or layer starts at the (mineral)
soil surface, and has its lower limit > 50 and < 100 cm of the (mineral) soil
surface; and no such horizon or layer occurs between 99 and 100 cm of
the (mineral) soil surface.

Kato- (from Greek kato, downwards): the horizon or layer starts > 0 and <
50 cm of the (mineral) soil surface, and has its lower limit = 100 cm of the
(mineral) soil surface; and no such horizon or layer occurs < 1 cm of the
(mineral) soil surface.

Panto- (from Greek pan, all): the horizon or layer starts at the (mineral)
soil surface and has its lower limit = 100 ¢cm of the (mineral) soil
surface.

3. If a qualifier refers to the major part of a certain depth range or to half or
more of a certain depth range (Dystric and Eutric), optional or additional
subqualifiers can be constructed with the following specifiers:

Epi- (from Greek epi, over): the characteristic is present in the major part
(or half or more of the part) between the (mineral) soil surface (or the
specified upper limit) and 50 cm from the (mineral) soil surface and is
absent in the major part (or half or more of the part) between 50 and 100
cm from the (mineral) soil surface or between 50 cm from the (mineral)
soil surface and continuous rock, technic hard material or a cemented or
indurated layer, whichever is shallower.

Endo- (from Greek endon, inside): the characteristic is present in the
major part (or half or more of the part) between 50 and 100 cm from the
(mineral) soil surface or between 50 cm from the (mineral) soil surface
and continuous rock, technic hard material or a cemented or indurated
layer, whichever is shallower, and absent in the major part (or half or
more of the part) between the (mineral) soil surface (or the specified upper
limit) and 50 cm from the (mineral) soil surface.
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FIGURE 1
Subqualifiers related to depth requirements and referring to a particular
horizon or layer.
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4. If a qualifier refers to a specified depth range throughout (e.g. Calcaric),
additional subqualifiers can be constructed with the following specifiers:

Epi- (from Greek epi, over): the characteristic is present throughout between
the (mineral) soil surface (or the specified upper limit) and 50 cm from the
(mineral) soil surface and is absent in some layer between 50 and 100 cm
from the (mineral) soil surface.

Endo- (from Greek endon, inside): the characteristic is present throughout
between 50 and 100 cm from the (mineral) soil surface or between 50 cm
from the (mineral) soil surface and continuous rock, technic hard material
or a cemented or indurated layer, whichever is shallower, and is absent in
some layer < 50 cm from the (mineral) soil surface.

5. If a qualifier refers to a percentage (e.g. Skeletic), additional subqualifiers can be
constructed with the following specifiers:

Epi- (from Greek epz, over): the characteristic is present between the (mineral)
soil surface and 50 cm from the (mineral) soil surface but is not present
throughout i.e. if averaged over a depth of 100 cm from the (mineral) soil
surface or between the (mineral) soil surface and continuous rock, technic
hard material or a cemented or indurated layer, whichever is shallower.

Endo- (from Greek endon, inside): the characteristic is present between 50
and 100 cm from the (mineral) soil surface or between 50 cm from the
(mineral) soil surface and continuous rock, technic hard material or a
cemented or indurated layer, whichever is shallower, but is not present
throughout i.e. if averaged over a depth of 100 ¢cm from the (mineral) soil
surface or between the (mineral) soil surface and continuous rock, technic
hard material or a cemented or indurated layer, whichever is shallower.
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6. If a qualifier refers to a specific point of depth or to a horizon or layer, but its
criteria are only fulfilled if layers at a depth of > 100 cm from the (mineral) soil
surface are taken into account, the Bathy- (from Greek bathys, deep) specifier
can be used to construct an additional subqualifier. The Bathy- subqualifier
extends to a greater depth than specified for the qualifier. If the Endo- specifier
cannot be added to a qualifier, the Bathy- specifier cannot be used either (e.g.
Alcalic: neither Endo-, nor Bathy-). If used with a principal qualifier, the
Bathy- subqualifier must shift to the supplementary qualifiers. The Bathy-
subqualifiers are placed after the supplementary qualifiers that are listed for the
respective RSG. With the Bathy- specifier, qualifiers that are not even in the list
for the particular RSG (see Chapter 4) can be added, for example Albic Arenosol
(Bathylixic). If it comprises buried layers, Bathy- is only allowed in combination
with the Thapto- specifier, e.g. Bathythaptovertic (see the Thapto- specifier,
below, and ‘2.5 Buried soils’, below).

Note: For every qualifier with depth requirements, the definition (Chapter 5) specifies
whether the depth requirement refers to the soil surface or to the mineral soil surface.

Note: Specifiers conveying redundant information are not added. For example: Skeletic
Epileptic Cambisol, not: Episkeletic Epileptic Cambisol.

Constructed subqualifiers for other requirements

If a diagnostic horizon or a layer with a diagnostic property belongs to a buried soil
(see 2.5 Buried soils’, below), the Thapto- (from Greek thaptein, to bury) specifier
can be used to construct optional or additional subqualifiers. If used with a principal
qualifier, the Thapto- subqualifier must shift to the supplementary qualifiers.
The Thapto- subqualifiers are placed after the supplementary qualifiers that are listed
for the respective RSG and after any Bathy- subqualifier.

For soils with rechnic hard material, a geomembrane, a continuous layer of artefacts,
contiununous rock or a cemented or indurated layer, subqualifiers with the Supra- (from
Latin supra, above) specifier can be constructed to describe the soil material above, if
the thickness or depth requirements of a qualifier or of its respective diagnostics are
not fulfilled, but all other criteria are fulfilled throughout in the soil material above
(e.g. Ekranic Technosol (Suprafolic)). If the Supra- specifier is used, the Epi- specifier
is not used.

2.4.2 SUBQUALIFIERS WITH A GIVEN DEFINITION

For some qualifiers, subqualifiers are defined in Chapter 5, e.g. Hypersalic and
Protosalic for the Salic qualifier. These subqualifiers are not listed with the RSGs
in Chapter 4 (unless the qualifier without specifier cannot exist for the respective
RSG). They belong to the optional (e.g. Hypercalcic, Hypocalcic, Orthomineralic), the
additional (e.g. Akromineralic) or the mandatory (e.g. Protocalcic) subqualifiers. If the
Proto- specifier is used with a principal qualifier, the Proto- subqualifier must shift
to the supplementary qualifiers and be placed within the list of the supplementary
qualifiers according to the alphabetical position of the qualifier, not the subqualifier.
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If of one qualifier, two or more subqualifiers with a given definition apply (e.g.
Anthromollic and Tonguimollic), they have to be listed all. Adding a further
specifier to a subqualifier with a given definition is also allowed, e.g. Endoprotosalic,
Supraprotosodic.

2.5 BURIED SOILS

A buried soil is a soil covered by younger deposits. Where a soil is buried, the
following rules apply:

1.

The overlying material and the buried soil are classified as one soil if both
together qualify as a Histosol, Anthrosol, Technosol, Cryosol, Leptosol,
Vertisol, Gleysol, Andosol, Planosol, Stagnosol, Arenosol, Fluvisol or Regosol.

Otherwise, the overlying material is classified with preference if it is = 50 cm
thick or if the overlying material, if it stood alone, satisfies the requirements of a
Folic Regosol or of a RSG other than a Regosol. For depth requirements in the
overlying material, the lower limit of the overlying material is regarded as if it
were the upper limit of continuous rock.

In all other cases, the buried soil is classified with preference. For depth
requirements in the buried soil, the upper limit of the buried soil is regarded as
its soil surface.

If the overlying soil is classified with preference, the name of the buried soil is
placed after the name of the overlying soil adding the word ‘over’ in between,
e.g. Skeletic Umbrisol (Siltic) over Albic Podzol (Arenic). As many buried soils
are polygenetic, qualifiers that are not in the list for the particular RSG may be
applicable. If so, these qualifiers must be used as supplementary qualifiers. The
qualifiers Infraandic and Infraspodic are provided for buried soils only and are
therefore not listed with the RSGs in Chapter 4. Alternatively, instead of the
buried soil, a buried diagnostic horizon or a buried layer with a diagnostic
property can be added with the Thapto- subqualifier to the name of the
overlying soil (see ‘2.4 Subqualifiers’, above).

If the buried soil is classified with preference, the overlying material is indicated
with the Novic qualifier, and if applicable, with the qualifiers Aeolic, Akrofluvic,
Colluvic or Transportic.
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Chapter 3
Diagnostic horizons,
properties and materials

Before using the diagnostic horizons, properties and materials, please read the
‘Rules for classifying soils’ (Chapter 2).

Diagnostic horizons and properties are characterized by a combination of attributes
that reflect widespread, common results of the processes of soil formation (Bridges,
1997) or indicate specific conditions of soil formation. Their features can be observed
or measured, either in the field or the laboratory, and require a minimum or maximum
expression to qualify as diagnostic. In addition, diagnostic horizons require a certain
thickness, thus forming a recognizable layer in the soil.

Diagnostic materials are materials that significantly influence pedogenetic processes or
are indicative of them.

Throughout the following text, references to the RSGs defined in Chapter 4 and the
diagnostic features listed elsehere in this Chapter are shown in italics.

DIAGNOSTIC HORIZONS

Anthraquic horizon

General description

An anthraquic horizon (from Greek anthropos, human, and Latin aqua, water) is
a surface horizon modified by human activity (wet cultivation) that comprises a

puddled layer and a plough pan.

Diagnostic criteria
An anthraquic horizon is a surface horizon consisting of mineral material and has:

1. a puddled layer with the following Munsell colours, moist, in = 80% of the
exposed area:

a hue of 7.5YR or yellower, a value of < 4 and a chroma of < 2; or
a hue of GY, B or BG and a value of < 4; and
2. aplough pan underlying the puddled layer, with all of the following:
a. one or both of the following:
1. a platy structure in = 25% of its volume; or

il. a massive structure in = 25% of its volume; and
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b. a bulk density higher by = 10% (relative) than that of the puddled layer; and

c. yellowish-brown, brown or reddish-brown iron-manganese mottles or
coatings around root channels, and if soil aggregates are present, at
or near the surfaces of the aggregates; and

3. athickness of = 15 cm.

Field identification

An anthraquic horizon shows evidence of reduction and oxidation owing to flooding
for part of the year. When not flooded, it is very dispersible and has a loose packing
of sorted small soil aggregates. The plough pan is compact, has a platy or massive
structure and a very low infiltration rate. It has a reduced matrix and yellowish-brown,
brown or reddish-brown rusty mottles along cracks and root channels due to oxygen
release from plant roots.

Argic horizon
General description
An argic horizon (from Latin argilla, white clay) is a subsurface horizon with

distinctly higher clay content than the overlying horizon. The textural differentiation
may be caused by:

e an illuvial accumulation of clay,

e predominant pedogenetic formation of clay in the subsoil,

e destruction of clay in the surface horizon,

e selective surface erosion of clay,

* upward movement of coarser particles due to swelling and shrinking,

* biological activity, or

® acombination of two or more of these different processes.
Sedimentation of surface materials that are coarser than the subsurface horizon may
enhance a pedogenetic textural differentiation. However, textural difference due only
to a lithic discontinuity, such as may occur in alluvial deposits, does not qualify as an
argic horizon.
Soils with argic horizons often have a specific set of morphological, physico-chemical
and mineralogical properties other than a mere clay increase. These properties allow
various types of argic horizons to be distinguished and their pathways of development

to be traced (Sombroek, 1986).

Diagnostic criteria
An argic horizon consists of mineral material and:

1. has a texture class of loamy sand or finer and = 8% clay; and

2. one or both of the following:
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a. has an overlying coarser textured horizon with all of the following:

i.  the coarser textured horizon is not separated from the argic horizon
by a lithic discontinuity; and

ii.  if the coarser textured horizon directly overlies the argic horizon, its
lowermost subhorizon does not form part of a plough layer; and

iii.  if the coarser textured horizon does not directly overlie the argic
horizon, the transitional horizon between the coarser textured

horizon and the argic horizon has a thickness of < 15 cm; and

iv.  if the coarser textured horizon has < 10% clay in the fine earth fraction,
the argic horizon has = 4% (absolute) more clay; and

v.  if the coarser textured horizon has = 10 and < 50% clay in the fine earth
fraction, the ratio of clay in the argic horizon to that of the coarser

textured horizon is = 1.4; and

vi.  if the coarser textured horizon has = 50% clay in the fine earth fraction,
the argic horizon has = 20% (absolute) more clay; or

b. has evidence of illuvial clay in one or more of the following forms:
i. oriented clay bridging between = 5% of the sand grains; or
ii. clay coatings lining = 5% of the surfaces in pores; or

iii.  clay coatings covering = 5% of the vertical and = 5% of the horizontal
surfaces of soil aggregates; or

iv. in thin sections, oriented clay bodies that constitute = 1% of the
section; or

v.  acoetficient of linear extensibility (COLE) of = 0.04, and a ratio of fine
clay? to total clay in the argic horizon greater by = 1.2 times than the
ratio in the overlying coarser textured horizon; and

3. both of the following:

a. does not form part of a natric horizon; and

b. does not form part of a spodic horizon, unless illuvial clay is evidenced by
one or more of the diagnostic criteria listed under 2.b.; and

4. has a thickness of one-tenth or more of the thickness of the overlying mineral
material, if present, and one of the following:

a. =7.5 cm (combined thickness if composed of lamellae) if the argic horizon
has a texture class of sandy loam or finer; or

b. = 15 cm (combined thickness if composed of lamellae).

2 Fine clay: < 0.2 pm equivalent diameter.
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Field identification

Textural differentiation is the main feature for recognition of argic horizons. The
illuvial nature of the argic horizon may be established using a x10 hand lens. If clay
coatings occur on soil aggregate surfaces, in fissures, in pores and in channels — illuvial
argic horizons show clay coatings on at least 5% of both horizontal and vertical
aggregate faces, and in the pores.

In shrink-swell soils, clay coatings are easily confused with pressure faces (stress
cutans). Clay coatings in protected positions, for example in pores, contribute to the
requirements for an illuvial argic horizon.

Additional characteristics

The illuvial character of an argic horizon can best be established using thin sections.
Diagnostic illuvial argic horizons show areas with oriented clays that constitute
on average = 1% of the entire cross-section. Other tests involved are particle-size
distribution analysis to determine the increase in clay content over a specified depth,
and the fine clay/total clay ratio. In illuvial argic horizons, the fine clay to total clay
ratio is larger than in the overlying horizons, due to preferential eluviation of fine clay
particles.

If the soil shows a lithic discontinuiry directly over the argic horizon, or if the surface
horizon has been removed by erosion, or if a plough layer directly overlies the argic
horizon, then the illuvial nature must be clearly established (diagnostic criterion 2b).

The argic horizon may be subdivided into several lamellae with coarser-textured layers
in between.

Relationships with some other diagnostics

Argic horizons are normally situated below eluvial horizons i.e. horizons from which
clay and Fe have been removed. Although initially formed as a subsurface horizon,
argic horizons may occur at the surface as a result of erosion or removal of the
overlying horizons. Afterwards, new sediments may be added.

Some argic horizons fulfil all the diagnostic criteria of the ferralic horizon. Some argic
horizons fulfil most of the criteria of the ferralic horizon but fail diagnostic criterion 3
of the ferralic horizon, which requires < 10% water-dispersible clay or geric properties
or = 1.4% soil organic carbon. Ferralsols must have a ferralic horizon and may have an
argic horizon as well, which may or may not overlap with the ferralic horizon; but if
an argic horizon is present, it must have in its upper 30 cm: < 10% water-dispersible
clay or geric properties or = 1.4% soil organic carbon.

Argic horizons lack the sodium saturation characteristics of the natric horizon.

Argic horizons in cool and moist, freely drained soils of high plateaus and mountains
in tropical and subtropical regions may occur in association with sombric horizons.

Calcic horizon

General description

A calcic horizon (from Latin calx, lime) is a horizon in which secondary calcium
carbonate (CaCOs;) has accumulated in a diffuse form (calcium carbonate occurs as
impregnation of the matrix or in the form of fine calcite particles of < 1 mm, dispersed
in the matrix) or as discontinuous concentrations (veins, pseudomycelia, coatings, soft

and/or hard nodules).
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The accumulation usually occurs in a subsurface horizon, in the parent material, or
more rarely, in surface horizons. The calcic horizon may contain primary carbonates
as well.

Diagnostic criteria
A calcic horizon:

1. has a calcium carbonate equivalent in the fine earth fraction of = 15%; and
2. has one or both of the following:
a. = 5% (by volume) secondary carbonates; or

b. a calcium carbonate equivalent in the fine earth fraction of = 5% higher
(absolute, by mass) than that of an underlying layer and no /lithic
discontinuiry between the two layers; and

3. does not form part of a petrocalcic horizon; and
4. has a thickness of = 15 cm.

Field identification

Calcium carbonate can be identified in the field using 1 M hydrochloric acid (HCI)
solution. The degree of effervescence (audible only, visible as individual bubbles, or
foam-like) is an indication of the amount of lime present. This test is important if
only diffuse distributions are present. When foam develops after adding 1 M HCJ, it
indicates a calcium carbonate equivalent near to or > 15%.

Other possible indications of a calcic horizon are:

e white, pinkish to reddish, or grey colours (if not overlapping horizons rich in
organic carbon), and

* a low porosity (interaggregate porosity is usually less than in the horizon
directly above, and possibly also less than in the horizon directly below).

Calcium carbonate content may decrease with depth, but this is difficult to establish
in some places, particularly where the calcic horizon occurs in the deeper subsoil.
Therefore, a certain accumulation of secondary carbonates is sufficient to diagnose a
calcic horizon.

Additional characteristics

Determination of the amount of calcium carbonate (by mass) and the changes of
calcium carbonate content within the soil profile are the main analytical criteria
for establishing the presence of a calcic horizon. Determination of pH,.. enables
distinction between accumulations with a basic (calcic) character (pH 8-8.7) due to the
dominance of CaCOs, and those with an ultrabasic (non-calcic) character (pH > 8.7)
because of the presence of Na,COj; and/or MgCO;.

In addition, the analysis of thin sections may reveal the presence of dissolution forms
in horizons above or below a calcic horizon, evidence of silicate epigenesis (calcite
pseudomorphs after primary minerals), or the presence of other calcium carbonate
pedofeatures, while clay mineralogical analyses of calcic horizons often show clays



Chapter 3 - Diagnostic horizons, properties and materials

27

characteristic of confined environments, such as smectite, palygorskite and sepiolite.

If the accumulation of soft carbonates is such that all or most of the soil and/or rock
structure disappears and continuous concentrations of calcium carbonate prevail, the
Hypercalcic qualifier is used.

Relationships with some other diagnostics

When calcic horizons become indurated, transition takes place to the perrocalcic
horizon, the expression of which may be massive or platy. A calcic horizon and
a petrocalcic horizon may overlie each other. Less pronounced accumulations of
secondary carbonates, not qualifying for a calcic horizon, may fulfil the diagnostic
criteria of protocalcic properties. Calcaric material refers to primary carbonates.

In dry regions and in the presence of sulfate-bearing soil or groundwater solutions,
calcic horizons occur associated with gypsic horizons. Calcic and gypsic horizons
typically (but not always) occupy different positions in the soil profile because gypsum
is more soluble than calcium carbonate, and they can normally be distinguished clearly
from each other by a difference in crystal morphology. Gypsum crystals tend to be
needle-shaped, usually visible to the naked eye, whereas pedogenetic calcium carbonate
crystals are much finer in size.

Cambic horizon

General description

A cambic horizon (from Late Latin cambiare, to change) is a subsurface horizon
showing evidence of pedogenetic alteration that ranges from weak to relatively strong.
The cambic horizon has lost, at least in half of the volume of the fine earth fraction, its
original rock structure. If the underlying layer has the same parent material, the cambic
horizon usually shows higher oxide and/or clay contents than this underlying layer
and/or evidence of removal of carbonates and/or gypsum. The pedogenetic alteration
of a cambic horizon can also be established by contrast with one of the overlying
mineral horizons that are generally richer in organic matter and therefore have a darker
and/or less intense colour. In this case, some soil structure development is needed to
prove pedogenetic alteration.

Diagnostic criteria
A cambic horizon consists of mineral material and:

1. has a texture class of
a. sandy loam or finer; or
b. very fine sand or loamy very fine sand?; and

2. has absence of rock structure in = 50% of the volume of the fine earth fraction;

and
3. shows evidence of pedogenetic alteration in one or more of the following:

a. when compared to the directly underlying layer, if it is not separated from the

3 Very fine sand and loamy very fine sand: The texture class is sand or loamy sand and = 50%

of the sand fraction is < 125 pm and < 25% of the sand fraction is = 630 pm (see texture
classes, Annex 4).
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cambic horizon by a lithic discontinuiry, one or more of the following:
i. a Munsell colour hue = 2.5 units redder, moist; or
ii. a Munsell colour chroma = 1 unit higher, moist; or

iii.  aclay content = 4% (absolute) higher; or

b. soil aggregate structure in = 50% of the volume of the fine earth fraction and
when compared to an overlying mineral layer, if it is not separated from the
cambic horizon by a lithic discontinuity, one or more of the following:

i. a Munsell colour hue = 2.5 units redder, moist; or
ii. aMunsell colour value = 1 unit higher, moist; or
iii. a Munsell colour chroma = 1 unit higher, moist; or

c. compared to the directly underlying layer, if it is not separated from the
cambic horizon by a lithic discontinuity, evidence of removal of carbonates
or gypsum by one or more of the following:

i.  =5% (by mass, absolute, fine earth fraction) less carbonates or
gypsum; or

ii.  if all coarse fragments in the underlying layer are completely
coated with carbonates, some of these fragments in the cambic
horizon are partly free of coatings; or

iii.  if the coarse fragments in the underlying layer are coated with
carbonates only on their underside, those in the cambic horizon
are free of coatings; and

4. does not form part of a plough layer and does not form part of an anthraquic,
argic, calcic, duric, ferralic, fragic, gypsic, hortic, hydragric, irragric, mollic,
natric, nitic, petrocalcic, petroduric, petrogypsic, petroplinthic, pisoplinthic,
plaggic, plinthic, pretic, salic, sombric, spodic, umbric, terric or vertic horizon;
and

5. has a thickness of = 15 cm.

Relationships with some other diagnostics

The cambic horizon can be considered the predecessor of many other diagnostic
horizons, all of which have specific properties that are not recognized in the cambic
horizon — such as illuvial or residual accumulations, removal of substances other than
carbonates or gypsum, accumulation of soluble components, or the development of
specific soil structure.

Cambic horizons in cool and moist, freely drained soils of high plateaus and mountains
in tropical and subtropical regions may occur in association with sombric horizons.
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Chernic horizon

General description

A chernic horizon (from Russian chorniy, black) is a relatively thick, well-structured,
very dark-coloured surface horizon, with a high base saturation, a high biological
activity and a moderate to high content of organic matter.

Diagnostic criteria
A chernic horizon is a surface horizon consisting of mineral material and has:

1. 220% (by volume, weighted average) of fine earth; and
2. granular or fine subangular blocky soil structure; and
3. = 1% soil organic carbon; and

4. one or both of the following:

a. in slightly crushed samples a Munsell colour value of < 3 moist, and < 5 dry,
and a chroma of = 2 moist; or

b. all of the following:

i.  =40% (by mass) calcium carbonate equivalent in the fine earth
fraction and/or a texture class of loamy sand or coarser; and

ii. in slightly crushed samples a Munsell colour value of <5 and a
chroma of = 2, both moist; and

ili.  =2.5% soil organic carbon; and

5. 2 1% (absolute) more soil organic carbon than the parent material, if parent
material is present, that has a Munsell colour value of < 4, moist; and

6. a base saturation (by 1 M NH,OAc, pH 7) of = 50% on a weighted average,
throughout the entire thickness of the horizon; and

7. a thickness of = 25 cm.

Field identification

A chernic horizon may easily be identified by its blackish colour, caused by the
accumulation of organic matter, its well-developed granular or fine subangular blocky
structure, an indication of high base saturation (e.g. pHyaer > 6), and its thickness.

Relationships with some other diagnostics

The chernic horizon is a special case of the mollic horizon with a higher content of soil
organic carbon, a lower chroma, generally better developed soil structure, a minimum
content of fine earth and a greater minimum thickness. The upper limit of the content
of soil organic carbon is 20%, which is the lower limit for organic material.

Cryic horizon

General description

A cryic horizon (from Greek kryos, cold, ice) is a perennially frozen soil horizon in
mineral or organic materials.
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Diagnostic criteria
A cryic horizon has:

1. continuously for = 2 consecutive years one of the following:
a. massive ice, cementation by ice or readily visible ice crystals; or

b. a soil temperature of < 0 °C and insufficient water to form readily visible ice
crystals; and

2. athickness of =5 cm.

Field identification

Cryic horizons occur in areas with permafrost* and show evidence of perennial ice
segregation, often associated with evidence of cryogenic processes (mixed soil material,
disrupted soil horizons, involutions, organic intrusions, frost heave, separation of
coarse from fine soil materials, cracks) above the cryic horizon and/or patterned surface
features (earth hummocks, frost mounds, stone circles, stripes, nets and polygons).

Soils that contain saline water do not freeze at 0 °C. In order to develop a cryic horizon,
such soils must be cold enough to freeze.

To identify features of cryoturbation, sorting or thermal contraction, a soil profile
should intersect different elements of patterned ground, if any, or be wider than 2 m.

Engineers distinguish between warm and cold permafrost. Warm permafrost has a
temperature higher than -2 °C and has to be considered unstable. Cold permafrost has
a temperature of -2 °C or lower and can be used more safely for construction purposes
provided the temperature remains under control.

Relationships with some other diagnostics

Cryic horizons may fulfil the diagnostic criteria of histic, folic or spodic horizons and
may occur in association with salic, calcic, mollic or umbric horizons. In cold arid
regions, aridic or yermic properties may be present.

Duric horizon

General description

A duric horizon (from Latin durus, hard) is a subsurface horizon showing weakly
cemented to indurated nodules or concretions cemented by silica (S10,), presumably
in the form of opal and microcrystalline silica (durinodes). Durinodes often have

carbonate coatings that have to be removed with HCI before slaking the durinodes
with potassium hydroxide (KOH).

Diagnostic criteria
A duric horizon consists of mineral material and has:

1. 210% (by volume) of weakly cemented to indurated, silica-enriched nodules
(durinodes) or fragments of a broken-up petroduric horizon that show all of

Permafrost: layer of soil or rock, at some depth beneath the surface, in which the
temperature has been continuously below 0 °C for at least some years. It exists where
summer heating fails to reach the base of the layer of frozen ground. Arctic Climatology
and Meteorology Glossary, National Snow and Ice Data Center, Boulder, USA (htp.://
nsidc.org).
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the following:

a. when air-dry, < 50% (by volume) slake in 1 M HCI even after prolonged
soaking, but = 50% slake in concentrated KOH, concentrated NaOH or in
alternating acid and alkali; and

b. are firm or very firm and brittle when wet, both before and after treatment
with acid; and

¢. have a diameter of = 1 cm; and
2. a thickness of = 10 cm.

Additional characteristics

Dry durinodes do not slake appreciably in water, but prolonged soaking can result
in the breaking-off of very thin platelets and some slaking. In cross-section, most
durinodes are roughly concentric, and concentric stringers of opal may be visible under
a hand lens.

Relationships with some other diagnostics

In arid regions, duric horizons occur in association with gypsic, petrogypsic, calcic and
petrocalcic horizons.

Ferralic horizon

General description

A ferralic horizon (from Latin ferrum, iron, and alumen, alum) is a subsurface horizon
resulting from long and intense weathering. The clay fraction is dominated by low-
activity clays and contains various amounts of resistant minerals such as (hydr-)oxides
of Fe, Al, Mn and titanium (Ti). There may be a marked residual accumulation of
quartz in silt and sand size particles. Ferralic horizons normally have < 10% water-
dispersible clay. Occasionally they may have more water-dispersible clay, but at the
same time will display geric properties or a relatively high content of organic carbon.

Diagnostic criteria
A ferralic horizon consists of mineral material and:

1. has a texture class of sandy loam or finer and < 80% (by volume) coarse

fragments, pisoplinthic concretions or nodules or remnants of a petroplinthic
horizon; and

2. hasa CEC (by 1 M NH,OAc, pH 7) of < 16 cmol, kg™! clay and a sum of
exchangeable bases (by 1 M NH,OAc, pH 7) plus exchangeable Al (by 1 M
KCl, unbuffered) of < 12 cmol, kg™! clay; and

3. has one or more of the following:

a. < 10% water-dispersible clay; or

b geric properties; or

c. =1.4% soil organic carbon; and
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4. has < 10% (by grain count) weatherable minerals® in the 0.05-0.2 mm fraction;
and

5. does not have andic or vitric properties; and
6. has a thickness of = 30 cm.

Field identification
Ferralic horizons are associated with old and stable landforms. The macrostructure
seems to be moderate to weak at first sight but typical ferralic horizons have a strong
microaggregation.

Ferralic horizons rich in Fe oxides (especially rich in hematite) have usually a friable
consistence and the disrupted, dry soil material flows like flour between the fingers.
Lumps of ferralic horizons are usually relatively light in mass because of the low bulk
density; many ferralic horizons give a hollow sound when tapped, indicating high
porosity.

If the ferralic horizon has less hematite and a more yellowish colour, it typically shows
a higher bulk density and a lower porosity. It is massive or has a weak subangular
blocky structure and a hard or firm consistence.

Indicators of clay illuviation such as clay coatings are generally absent, as are pressure
faces and other stress features. Boundaries of a ferralic horizon are normally gradual
to diffuse and little variation in colour or particle-size distribution within the horizon
can be detected.

Additional characteristics

As an alternative to the weatherable minerals requirement, a total reserve of bases
(TRB = exchangeable plus mineral calcium [Ca], magnesium [Mg], potassium [K] and
sodium [Na]) of < 25 cmol, kg™! soil may be indicative.

Relationships with some other diagnostics

Some argic horizons fulfil all the diagnostic criteria of the ferralic horizon. Some other
argic horizons fulfil most of the criteria of the ferralic horizon but fail diagnostic
criterion 3.

Al Feoy, Sioy in ferralic horizons are very low, which sets them apart from the nitic
horizons and layers with andic or vitric properties.

Some cambic horizons have a low CEC; however, the amount of weatherable minerals
or the TRB is too high for a ferralic horizon. Such horizons represent an advanced
stage of weathering and a transition to the ferralic horizon.

Ferralic horizons in cool and moist, freely drained soils of high plateaus and mountains
in tropical and subtropical regions may occur in association with sombric horizons.

> Examples of minerals that are included in the meaning of weatherable minerals are all 2:1

phyllosilicates, chlorite, sepiolites, palygorskite, allophane, 1:1 trioctahedral phyllosilicates
(serpentines), feldspars, feldspathoids, ferromagnesian minerals, glass, zeolites, dolomite
and apatite. The intent of the term weatherable minerals is to include those minerals that
are unstable in humid climates compared with other minerals, such as quartz and 1:1 lattice
clays, but that are more resistant to weathering than calcite (Soil Survey Staff, 1999).
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Due to redox processes, ferralic horizons may develop into plinthic horizons. Most
plinthic horizons also fulfil the diagnostic criteria of ferralic horizons.

Ferric horizon

General description

A ferric horizon (from Latin ferrum, iron) is one in which segregation of Fe (or Fe
and Mn) has taken place to such an extent that large mottles or discrete concretions or
nodules have formed and the matrix between mottles, concretions or nodules is largely
depleted of Fe and Mn. They do not necessarily have enhanced Fe (or Fe and Mn)
contents, but Fe (or Fe and Mn) are concentrated in mottles or concretions or nodules.
Generally, such segregation leads to poor aggregation of the soil particles in Fe- and
Mn-depleted zones and compaction of the horizon. The segregation is the result of
redox processes that may be active or relict.

Diagnostic criteria
A ferric horizon consists of mineral material and:

1. has one or both of the following:

a. = 15% of the exposed area occupied by coarse mottles (= 20 mm in
diameter) that are black or have a Munsell colour hue redder than 7.5YR
and a chroma of = 5, both moist; or

b. = 5% of the volume consisting of discrete reddish to blackish concretions
and/or nodules with a diameter of = 2 mm, with at least the exteriors of the
concretions or nodules being at least weakly cemented or indurated, and
if not black, the exteriors having redder hue or stronger chroma than the
interiors; and

2. does not form part of a petroplinthic, pisoplinthic or plinthic horizon; and

3. has a thickness of = 15 cm.

Relationships with some other diagnostics

In tropical or subtropical regions, ferric horizons may grade laterally into plinthic
horizons. In plinthic horizons, the amount of concretions or nodules or mottles reaches
= 15% (by volume). Additionally, in plinthic horizons, a certain content of Fegy, is
exceeded and/or the concretions or nodules or mottles harden irreversibly to hard
concretions or nodules or a hardpan on exposure to repeated wetting and drying with
free access of oxygen. If the amount of hard concretions or nodules reaches = 40%, it
is a pisoplinthic horizon.

Folic horizon

General description

A folic horizon (from Latin folium, leaf) is a surface horizon, or a subsurface horizon
occurring at a shallow depth, that consists of well-aerated organic material. They
predominantly occur in cool climate or at high elevation.

Diagnostic criteria
A folic horizon consists of organic material and:
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1. is saturated with water for < 30 consecutive days in most years and is not
drained; and

2. has a thickness of = 10 cm.

Relationships with some other diagnostics

The folic horizon has similar characteristics to the histic horizon; however, the bistic
horizon is saturated with water for one month or more in most years. Moreover, the
composition of the histic horizon is generally different from that of the folic horizon
as the vegetative cover is often different.

The lower limit of 20% soil organic carbon sets the folic horizon apart from chernic,
mollic or umbric horizons, which have these contents as upper limits. Folic horizons
may show andic or vitric properties.

Fragic horizon

General description

A fragic horizon (from Latin fragilis, fragile) is a natural non-cemented subsurface
horizon with a structure and a porosity pattern such that roots and percolating water
penetrate the soil only along interped faces and streaks. The natural character excludes
plough pans and surface traffic pans.

Diagnostic criteria
A fragic horizon consists of mineral material and:

1. shows structural units that do not allow roots to enter; separations between
these units have an average horizontal spacing of = 10 cm; and

2. shows evidence of alteration as defined in the cambic horizon, at least on the
faces of structural units; and

3. contains < 0.5% (by mass) soil organic carbon; and

4. shows in = 50% of the volume slaking or fracturing of air-dry clods, 5-10 cm
in diameter, within =< 10 minutes when placed in water; and

5. does not cement upon repeated wetting and drying; and

6. has a penetration resistance at field capacity of = 4 MPa in = 90% of the
volume; and

7. does not show effervescence after adding a 1 M HCl solution; and
8. has a thickness of = 15 cm.

Field identification

A fragic horizon has a prismatic and/or blocky structure. The inner parts of the
structural units may have a relatively high total porosity but, as a result of a dense
outer rim, there is no continuity between the intraped pores and the interped pores and
fissures. The result is a closed box system with = 90% of the soil volume that cannot
be explored by roots and is not percolated by water.
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It is essential that the required soil volume be inspected from both vertical and
horizontal sections; horizontal sections often reveal polygonal structures. Three or
four such polygons (or a cut up to 1 m?) are sufficient to test the volumetric basis for
the definition of the fragic horizon.

Fragic horizons are commonly loamy, but loamy sand and clay textures are not
excluded. In the latter case, the clay mineralogy is dominantly kaolinitic.

Dry structural units are hard to extremely hard; moist ones are firm to extremely
firm; moist consistence may be brittle. A structural unit from a fragic horizon tends to
rupture suddenly under pressure rather than to undergo slow deformation.

The fragic horizon has little active faunal activity, except occasionally between the
structural units.

Relationships with some other diagnostics
A fragic horizon may underlie (but not necessarily directly), albic material or a cambic,
spodic or argic horizon, unless the soil has been truncated. It can overlap partly or
completely with an argic horizon. The fragic horizon may show retic properties or
albeluvic glossae, especially in its upper part. Moreover, fragic horizons can have
reducing conditions and stagnic properties.

Fulvic horizon

General description

A fulvic horizon (from Latin fulvus, dark yellow) is a thick, dark-coloured horizon
at or near the soil surface that is typically associated with short-range-order minerals
(commonly allophane) or with organo-aluminium complexes. It has a low bulk density
and contains highly humified organic matter that shows a lower ratio of humic acids to
fulvic acids compared with the melanic horizon.

Diagnostic criteria
A fulvic horizon has:

1. andic properties; and

2. one or both of the following:
a. a Munsell colour value or chroma of > 2, moist; or
b. a melanic index® of = 1.7; and

3. a weighted average of = 6% soil organic carbon, and = 4% soil organic carbon
in all parts; and

4. a combined thickness of = 30 cm with < 10 cm non-fulvic material in between.

Field identification

When dark brown, the fulvic horizon is easily identifiable by its colour and its
thickness. Fulvic horizons typically occur in association with pyroclastic deposits.
However, they may also be found in layers derived from other materials that satisfy
the requirements of the Aluandic qualifier. Distinction between the blackish coloured

6 See Annex 2.
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fulvic and melanic horizons is made after determining the melanic index, which
requires laboratory analyses.

Gypsic horizon

General description

A gypsic horizon (from Greek gypsos, gypsum) is a non-cemented horizon containing
accumulations of secondary gypsum (CaSO,-2H,0) in various forms. It may be a
surface or a subsurface horizon.

Diagnostic criteria
A gypsic horizon consists of mineral material and:

1. has = 5% (by mass) gypsum in the fine earth fraction; and
2. has one or both of the following:
a. = 1% (by volume) of visible secondary gypsum; or

b. a gypsum content in the fine earth fraction of = 5% higher (absolute, by
mass) than that of an underlying layer and no /lithic discontinuity between
the two layers; and

3. has a product of thickness (in centimetres) times gypsum content (percentage,
by mass) of = 150; and

4. does not form part of a petrogypsic horizon; and
5. has a thickness of = 15 cm.

Field identification

Gypsum occurs as pseudomyecelia, as coarse crystals, as nests, beards or coatings,
as elongated groupings of fibrous crystals, or as powdery accumulations. The last
form gives the gypsic horizon a massive structure. The distinction between compact
powdery accumulations and the others is important in terms of soil capability.

Gypsum crystals may be visually mistaken for quartz. Gypsum is soft and can easily
be ripped with a knife or broken between thumbnail and forefinger. Quartz is hard and
cannot be broken except by hammering.

Additional characteristics

Thin section analysis is helpful to establish the presence of a gypsic horizon and the
distribution of the gypsum in the soil mass.

If the accumulation of gypsum becomes such that all or most of the soil and/or
rock structure disappears and continuous concentrations of gypsum prevail, the
Hypergypsic qualifier is used.

Relationships with some other diagnostics

When gypsic horizons become indurated, transition takes place to the perrogypsic
horizon, the expression of which may be as massive or platy structures. A gypsic
horizon and a perrogypsic horizon may overlie each other. Gypsiric material contains
primary gypsum and no or very little secondary gypsum.
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In dry regions, gypsic horizons may be associated with calcic and/or salic horizons.
Calcic and gypsic horizons usually occupy distinct positions in the soil profile as the
solubility of calcium carbonate is less than that of gypsum. They can normally be
distinguished clearly from each other by the morphology (see calcic horizon). Salic
and gypsic horizons also occupy different positions in the profile for the same reasons.

Histic horizon

General description

A histic horizon (from Greek histos, tissue) is a surface horizon, or a subsurface
horizon occurring at a shallow depth, that consists of poorly aerated organic material.

Diagnostic criteria
A histic horizon consists of organic material and:

1. is saturated with water for = 30 consecutive days in most years or is drained,;

and

2. has a thickness of = 10 cm

Relationships with some other diagnostics

Histic horizons have similar characteristics to the folic horizon; however the folic
horizon is saturated with water for less than one month in most years. Moreover, the
composition of the histic horizon is generally different from that of the folic horizon
as the vegetative cover is often different.

Hortic horizon

General description

A hortic horizon (from Latin hortus, garden) is a mineral surface horizon created by
the human activities of deep cultivation, intensive fertilization and/or long-continued
application of human and animal wastes and other organic residues (e.g. manures,
kitchen refuse, compost and night soil).

Diagnostic criteria
A hortic horizon is a surface horizon consisting of mineral material and has:

1. a Munsell colour value and chroma of = 3, moist; and
2. a weighted average of = 1% soil organic carbon; and

3. 2 0.5 M NaHCO; extractable P,Os content” of = 100 mg kg™! fine earth in the
upper 25 cm; and

4. a base saturation (by 1 M NH,OAc, pH 7) of = 50%; and

5. 225% (by volume, by weighted average) of animal pores, coprolites or other
traces of soil animal activity; and

6. a thickness of = 20 cm.

7" Known as the Olsen routine method (Olsen et al., 1954); data according to Gong et al.,

1997.
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Field identification

The hortic horizon is thoroughly mixed. Potsherds and other artefacts are common,
although often abraded. Tillage marks or evidence of mixing of the soil can be present.

Relationships with some other diagnostics
Hortic horizons may also fulfil the diagnostic criteria of a mollic or chernic horizon.

Hydragric horizon

General description

A hydragric horizon (from Greek hydor, water, and Latin ager, field) is a subsurface
horizon that results from human activity associated with wet cultivation.

Diagnostic criteria

A hydragric horizon consists of mineral material, is associated with wet cultivation
and:

1. is overlain by an anthraquic horizon; and

2. consists of one or more subhorizons and each of them has one or more of the
following:

a. Fe or Mn coatings in = 15% of the exposed area, predominantly around
root channels and at or near the surfaces of the soil aggregates; or

b. redox depletions with a Munsell colour value of = 4 and a chroma of < 2,
both moist, in macropores; or

c. Fe or Mn concentrations in = 5% of the exposed area, predominantly inside
the soil aggregates; or

d. Fegyn = 1.5 times and/or Mng;;, = 3 times than that of the surface horizon;
and

3. has a thickness of = 10 cm.

Field identification

The hydragric horizon occurs below the plough pan of an anthraquic horizon. It has
reduction features in pores, such as coatings or halos with a Munsell colour hue of
2.5Y or yellower and a chroma of < 2, both moist, and/or concentrations of Fe and/or
Mn in the matrix as a result of the oxidative environment. It usually shows grey clay-
fine silt and clay-silt-humus cutans on soil aggregate faces. The features listed as part
of diagnostic criterion 2 rarely occur all together in the same layer but are commonly
distributed over several subhorizons.

Additional characteristics

Reduced manganese and/or iron move down slowly through the plough pan of the
overlying anthraquic horizon into the hydragric horizon; the mangenese tending to
move further than the iron. Within the hydragric horizon, manganese and iron migrate
further into the interiors of the soil aggregates where they are oxidized.
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Irragric horizon

General description

An irragric horizon (from Latin irrigare, to irrigate, and ager, field) is a mineral
surface horizon that results from human activity and that builds up gradually through
continuous application of irrigation water with substantial amounts of sediments; and
which may include fertilizers, soluble salts, organic matter, etc.

Diagnostic criteria
An irragric horizon is a surface horizon consisting of mineral material and has:

1. a uniformly structured surface layer; and

2. a higher clay content, particularly fine clay, than the underlying original soil;

and

3. differences in medium sand contents, fine sand contents, very fine sand
contents, silt contents, clay contents and carbonate contents of < 20% (relative)
or < 4% (absolute) between parts of the horizon; and

4. a weighted average of = 0.5% soil organic carbon, decreasing with depth but
remaining at = 0.3% at the lower limit of the irragric horizon; and

5. =25% (by volume, by weighted average) of animal pores, coprolites or other
traces of soil animal activity; and

6. a thickness of = 20 cm.

Field identification

Soils with an irragric horizon show evidence of surface raising, which may be inferred
from either field observations or from historical records. The irragric horizon shows
evidence of considerable biological activity. The lower boundary is clear; and irrigation
deposits or buried soils may be present below.

Relationships with some other diagnostics

Irragric horizons differ from fluvic materials in that, due to continuous ploughing,
they lack evidence of stratification. Some irragric horizons may also qualify as mollic
or umbric horizons, depending on their base saturation.

Melanic horizon

General description

A melanic horizon (from Greek melas, black) is a thick, black horizon at or near the
soil surface, which is typically associated with short-range-order minerals (commonly
allophane) or with organo-aluminium complexes. It has a low bulk density and
contains highly humified organic matter that shows a lower ratio of fulvic acids to
humic acids compared with the fulvic horizon.

Diagnostic criteria
A melanic horizon has:

1. andic properties; and

2. a Munsell colour value and chroma of = 2, moist; and
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3. a melanic index® of < 1.7; and

4. a weighted average of = 6% soil organic carbon, and = 4% soil organic carbon
in all parts; and

5. a combined thickness of = 30 cm with = 10 cm non-melanic material in
between.

Field identification

The intense black colour, its thickness, as well as its common association with
pyroclastic deposits help to recognize the melanic horizon in the field. However,
laboratory analyses to determine the type of organic matter are necessary to identify
the melanic horizon unambiguously.

Mollic horizon

General description

A mollic horizon (from Latin mollis, soft) is a relatively thick, dark-coloured surface
horizon with a high base saturation and a moderate to high content of organic matter.

Diagnostic criteria

A mollic horizon is a surface horizon consisting of mineral material. For diagnostic
criteria 2 to 4, the weighted average of each value is calculated and then checked against
the diagnostic criteria, either for the upper 20 ¢cm, or for the entire mineral soil above
continuous rock, technic hard material or a cryic, petrocalcic, petroduric, petrogypsic or
petroplinthic horizon if starting < 20 cm from the mineral soil surface. If the mollic
horizon has subhorizons that start = 20 cm from the mineral soil surface, a weighted
average for those subhorizons is not calculated; each value is checked separately against
the diagnostic criteria. A mollic horizon has:

1. a soil structure sufficiently strong that it is not both massive and hard or
very hard when dry (prisms larger than 30 cm in diameter are included in the
meaning of massive if there is no structure further subdividing the prisms); and
2. 2 0.6% soil organic carbon; and

3. one or both of the following:

a. in slightly crushed samples a Munsell colour value of < 3 moist, and < 5 dry,
and a chroma of = 3 moist; or

b. all of the following:

i.  =40% (by mass) calcium carbonate equivalent in the fine earth
fraction and/or a texture class of loamy sand or coarser; and

ii.  inslightly crushed samples a Munsell colour a value of < 5 and a
chroma of = 3, both moist; and

iii.  =2.5% soil organic carbon; and

8 See Annex 2.
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4. = 0.6% (absolute) more soil organic carbon than the parent material, if parent
material is present, that has a Munsell colour value of < 4, moist; and

5. a base saturation (by 1 M NH,OAc, pH 7) of = 50% on a weighted average,
throughout the entire thickness of the horizon; and

6. a thickness of one of the following:

a. =10 cm if directly overlying continuous rock, technic hard material or a
cryic, petrocalcic, petroduric, petrogypsic or petroplinthic horizon; or

b. =20 cm.

Field identification

A mollic horizon may easily be identified by its dark colour, caused by the accumulation
of organic matter, in most cases a well-developed structure (usually a granular or fine
subangular blocky structure), an indication of high base saturation (e.g. pHyaer > 6),
and its thickness.

Relationships with some other diagnostics

The base saturation of = 50% separates the mollic horizon from the #mbric horizon,
which is otherwise similar. The upper limit of the content of soil organic carbon is 20%,
which is the lower limit for organic material.

A special type of mollic horizon is the chernic horizon. It requires a higher content

of soil organic carbon, a lower chroma, a better developed soil structure, a minimum
content of fine earth and a greater minimum thickness.

Some hortic, irragric, pretic or terric horizons may also qualify as mollic horizons.

Natric horizon
General description

A natric horizon (from Arabic natroon, salt) is a dense subsurface horizon with a
distinctly higher clay content than in the overlying horizon(s). It has a high content
of exchangeable Na and in some cases, a relatively high content of exchangeable Mg.

Diagnostic criteria
A natric horizon consists of mineral material and:

1. has a texture class of loamy sand or finer and = 8% clay; and
2. one or both of the following:
a. has an overlying coarser textured horizon with all of the following:

i.  the coarser textured horizon is not separated from the natric horizon
by a lithic discontinuity; and

ii.  if the coarser textured horizon directly overlies the natric horizon, its
lowermost subhorizon does not form part of a plough layer; and
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iii.  if the coarser textured horizon does not directly overlie the natric
horizon, the transitional horizon between the coarser textured
horizon and the natric horizon has a thickness of < 15 cm; and

iv.  if the coarser textured horizon has < 10% clay in the fine earth fraction,
the natric horizon has = 4% (absolute) more clay; and

v.  if the coarser textured horizon has = 10 and < 50% clay in the fine earth
fraction, the ratio of clay in the natric horizon to that of the coarser

textured horizon is = 1.4; and

vi.  if the coarser textured horizon has = 50% clay in the fine earth fraction,
the natric horizon has = 20% (absolute) more clay; or

b. has evidence of illuvial clay in one or more of the following forms:
1. oriented clay bridging = 5% of the sand grains; or
ii.  clay coatings lining = 5% of the surfaces in pores; or

iii.  clay coatings covering = 5% of the vertical and = 5% of the horizontal
surfaces of soil aggregates; or

iv. in thin sections, oriented clay bodies that constitute = 1% of the
section; or

v. a COLE of = 0.04 and a ratio of fine clay’ to total clay in the natric
horizon greater by = 1.2 times than the ratio in the overlying coarser
textured horizon; and

3. has one or more of the following:
a. a columnar or prismatic structure in some part of the horizon; or
b. both of the following:

i. ablocky structure; and

ii. penetrations of an overlying coarser textured horizon in which there
are uncoated silt or sand grains, extending = 2.5 cm into the natric
horizon; and

4. has one of the following:

a. an exchangeable Na percentage (ESP'?) of = 15 throughout the entire natric
horizon or its upper 40 cm, whichever is thinner; or

b. both of the following,

i.  more exchangeable Mg plus Na than Ca plus exchange acidity (at

?  Fine clay: < 0.2 pm equivalent diameter.

10 ESP = exchangeable Na x 100/CEC (at pH 7).
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pH 8.2) throughout the entire natric horizon or its upper 40 cm,
whichever is thinner; and

.  an exchangeable Na percentage (ESP) of = 15 in some subhorizon
starting < 50 cm below the upper limit of the natric horizon; and

5. has a thickness of one-tenth or more of the thickness of the overlying mineral
material, if present, and one of the following:

a. =7.5 cm (combined thickness if composed of lamellae) if the natric horizon
has a texture class of sandy loam or finer; or

b. = 15 cm (combined thickness if composed of lamellae).

Field identification

The colour of the natric horizon ranges from brown to black, especially in the upper
part, but lighter colours or yellow to red colours may also be found. The structure is
usually coarse columnar or coarse prismatic, sometimes blocky. Rounded tops of the
structural elements are characteristic. In many cases, they are covered by a whitish
powder coming from the overlying eluvial horizon.

Both colour and structural characteristics depend on the composition of the
exchangeable cations and the soluble salt content in the underlying layers. Often, thick
and dark-coloured clay coatings occur, especially in the upper part of the horizon.
Many natric horizons have poor soil aggregate stability and very low permeability
under wet conditions. When dry, the natric horizon is hard to extremely hard. Soil
reaction is commonly strongly alkaline with pH.er = 8.5.

Additional characteristics

Another measure to characterize the natric horizon is the sodium adsorption ratio
(SAR), which has to be = 13. The SAR is calculated from soil solution data (Na*, Ca®*,
Mg?* given in mmol./litre): SAR = Na*/[(Ca?* + Mg?*)/2]°>.

Micromorphologically, natric horizons show a specific fabric. The peptized plasma
shows a strong orientation in a mosaic or parallel-striated pattern. The plasma
separations also show a high content in associated humus. Microcrusts, cutans, papules
and infillings appear when the natric horizon is impermeable.

Relationships with some other diagnostics

The surface horizon may be rich in organic matter, have a thickness from a few
centimetres to > 25 cm and may be a mollic or chernic horizon. Albic material may be
present between the surface and the natric horizon.

Frequently, a salt-affected layer occurs below the natric horizon. The salt influence
may extend into the natric horizon, which then becomes saline as well. Salts present
may be chlorides, sulfates or carbonates/bicarbonates.

The humus-illuvial part of a natric horizon has a base saturation (by 1 M NH,OAc,
pH 7) of = 50%, which separates it from the sombric horizon.
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Nitic horizon

General description

A nitic horizon (from Latin nitidus, shiny) is a clay-rich subsurface horizon. It has
moderately to strongly developed blocky structure breaking to polyhedral, flat-edged
or nutty elements with many shiny soil aggregate faces, which cannot or can only
partially be attributed to clay illuviation.

Diagnostic criteria
A nitic horizon consists of mineral material and:

1. has both of the following:
a. =230% clay; and
b. asilt to clay ratio < 0.4; and

2. has < 20% difference (relative) in clay content over 15 cm to layers directly
above and below; and

3. has moderate to strong blocky structure breaking into polyhedral or flat-edged
or nut-shaped elements with, in moist state, shiny soil aggregate faces. The
shiny faces are not, or are only partially, associated with clay coatings; and

4. has all of the following:
a. = 4% Feg, (free iron) in the fine earth fraction; and
b. = 0.2% Fe,, (active iron) in the fine earth fraction; and
C. aratio between active and free iron of = 0.05; and

5. does not form part of a plinthic horizon; and

6. has a thickness of = 30 cm.

Field identification

A nitic horizon has a texture class of clay loam or finer but may feel loamy. The
difference in clay content with the overlying and underlying horizons is gradual or
diffuse. Similarly, there is no abrupt colour difference with the horizons directly
above and below. The colours are of low value with hues often 2.5YR, moist, but
sometimes redder or yellower. The structure is moderate to strong blocky, breaking
into polyhedral or flat-edged or nut-shaped elements showing shiny faces.

Additional characteristics

In many nitic horizons, the CEC (by 1 M NH,OAc, pH 7) is < 36 cmol. kg™! clay,
or even < 24 cmol. kg'! clay. The sum of exchangeable bases (by 1 M NH,OAc, pH
7) plus exchangeable Al (by 1 M KCIl, unbuffered) is about half of the CEC. The
moderate to low CEC reflects the dominance of 1:1 lattice clays (either kaolinite and/
or [meta-]halloysite). Many nitic horizons have a ratio of water-dispersible clay total
clay of < 0.1.

Relationships with some other diagnostics

The nitic horizon may be considered as a strongly expressed cambic horizon with
specific properties such as a high amount of active iron. Nitic horizons may show
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clay coatings and may satisfy the requirements of an argic horizon, although the clay
content in the nitic horizon is not much higher than in the overlying horizon. Its
mineralogy (kaolinitic/[metaJhalloysitic) sets it apart from most vertic horizons, which
have a dominantly smectitic mineralogy. However, nitic horizons may grade laterally
into vertic horizons in lower landscape positions. The well-expressed soil structure,
the high amount of active iron, in some cases, the intermediate CEC in nitic horizons
set them apart from ferralic horizons. Nitic horizons in cool and moist, freely drained
soils of high plateaus and mountains in tropical and subtropical regions may occur in
association with sombric horizons.

Petrocalcic horizon

General description

A petrocalcic horizon (from Greek petros, rock, and Latin calx, lime) is an indurated
horizon that is cemented by calcium carbonate and in some places, by magnesium
carbonate as well. It is either massive or platy in nature and extremely hard.

Diagnostic criteria
A petrocalcic horizon consists of mineral material and:

1. has very strong effervescence after adding a 1 M HCI solution; and

2. shows induration or cementation, at least partially by secondary carbonates, to
the extent that air-dry fragments do not slake in water; and

3. is continuous to the extent that vertical fractures, if present, have an average
horizontal spacing of = 10 cm and occupy < 20% (by volume); and

4. cannot be penetrated by roots except, if present, along the vertical fractures;

and

5. has an extremely hard consistence when dry, so that it cannot be penetrated by
spade or auger; and

6. has a thickness of = 10 cm or = 1 cm if it is laminar and rests directly on
continuous rock.

Field identification
Petrocalcic horizons occur as non-platy calcrete (either massive or nodular) or as
platy calcrete, of which the following types are the most common:

® Lamellar calcrete: superimposed, separate, petrified layers varying in thickness
from a few millimetres to several centimetres. The colour is generally white or

pink.

o Petrified lamellar calcrete: one or several extremely hard layers, grey or pink
in colour. They are generally more cemented than the lamellar calcrete and
very massive (no fine lamellar structures, but coarse lamellar structures may be
present).

Non-capillary pores in petrocalcic horizons are filled, and the hydraulic conductivity
is moderately slow to very slow.
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Relationships with some other diagnostics

In arid regions, petrocalcic horizons may occur in association with (petro-)duric
horizons, into which they may grade laterally. The cementing agent differentiates
petrocalcic and duric horizons. In petrocalcic horizons, calcium and some magnesium
carbonate constitute the main cementing agent while some accessory silica may be
present. In duric horizons, silica is the main cementing agent, with or without calcium
carbonate. Petrocalcic horizons also occur in association with gypsic or petrogypsic
horizons.

Horizons with a significant accumuation of secondary carbonates without induration
or cementation qualify as calcic horizons.

Petroduric horizon

General description

A petroduric horizon (from Greek petros, rock, and Latin durus, hard), also known as
duripan or dorbank (South Africa), is a subsurface horizon, usually reddish or reddish
brown in colour, that is cemented mainly by secondary silica (S10,, presumably opal
and microcrystalline forms of silica). Air-dry fragments of petroduric horizons do not
slake in water, even after prolonged wetting. Calcium carbonate may be present as a
supplementary cementing agent.

Diagnostic criteria
A petroduric horizon consists of mineral material and:

1. has induration or cementation in = 50% (by volume) of some subhorizon; and

2. shows evidence of silica accumulation (opal or other forms of silica), e.g. as
coatings in some pores, on some structural faces or as bridges between sand
grains; and

3. when air-dry, < 50% (by volume) slake in 1 M HCI even after prolonged
soaking, but > 50% slake in concentrated KOH, concentrated NaOH or in
alternating acid and alkali; and

4. is continuous to the extent that vertical fractures, if present, have an average
horizontal spacing of = 10 cm and occupy < 20% (by volume); and

5. cannot be penetrated by roots in the indurated or cemented parts except, if
present, along the vertical fractures; and

6. has a thickness of = 1 cm.

Field identification

A petroduric horizon has a very firm to extremely firm consistence when moist and is
extremely hard when dry. Effervescence after applying 1 M HCI may take place, but is
probably not as vigorous as in petrocalcic horizons, which appear similar.

Relationships with some other diagnostics

In dry and arid climates, petroduric horizons may occur in association with petrocalcic
horizons, into which they may grade laterally, and/or occur in conjunction with calcic
or gypsic horizons.
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Petrogypsic horizon

General description

A petrogypsic horizon (from Greek petros, rock, and gypsos. gypsum) is a cemented
horizon containing accumulations of secondary gypsum (CaSO42H,0).

Diagnostic criteria
A petrogypsic horizon consists of mineral material and:

1. has = 5% (by mass) gypsum; and
2. has = 1% (by volume) visible secondary gypsum; and

3. shows induration or cementation, at least partially by secondary gypsum, to
the extent that air-dry fragments do not slake in water; and

4. is continuous to the extent that vertical fractures, if present, have an average
horizontal spacing of = 10 cm and occupy < 20% (by volume); and

5. cannot be penetrated by roots except, if present, along the vertical fractures;

and

6. has a thickness of = 10 cm.

Field identification

Petrogypsic horizons are hard, whitish and composed predominantly of gypsum. Old
petrogypsic horizons may be capped by a thin, laminar layer of newly precipitated
gypsum about 1 ¢cm thick.

Additional characteristics
Thin section analysis is a helpful technique to establish the presence of a petrogypsic
horizon and the distribution of the gypsum in the soil mass.

In thin sections, the petrogypsic horizon shows a compacted microstructure with only
a few cavities. The matrix is composed of densely packed lenticular gypsum crystals
mixed with small amounts of detrital material. The matrix has a faint yellow colour
in plain light. Irregular nodules formed by colourless transparent zones consist of
coherent crystal aggregates with a hypidiotopic or xenotopic fabric and are mostly
associated with pores or former pores. Traces of biological activity (pedotubules) are
sometimes visible.

Relationships with some other diagnostics

As the petrogypsic horizon develops from a gypsic horizon, the two are closely related.
Petrogypsic horizons frequently occur in association with calcic horizons. Calcic and
gypsic accumulations usually occupy different positions in the soil profile because
the solubility of calcium carbonate is less than that of gypsum. Normally, they can be
distinguished clearly from each other by their morphology (see calcic horizon).

Petroplinthic horizon

General description

A petroplinthic horizon (from Greek perros, rock, and plinthos, brick) is a continuous,
fractured or broken layer of indurated material, in which Fe (and in cases also Mn)
(hydr-)oxides are an important cement and in which organic matter is either absent or
present only in traces.
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Diagnostic criteria
A petroplinthic horizon consists of mineral material and:

1. is a sheet of connected, strongly cemented to indurated
a. yellowish, reddish and/or blackish concretions and/or nodules; or

b. yellowish, reddish and/or blackish concentrations in platy, polygonal or
reticulate patterns; and

2. has a penetration resistance!! of = 4.5 MPain = 50% of the volume of the fine
earth; and

3. has one or both of the following:
a. =2.5% (by mass) Fegyy, in the fine earth fraction; or

b. 210% (by mass) Feg, in the concretions, nodules and/or concentrations;
and

112 in the fine earth fraction; and

4. has a ratio between Fe,, and Feg;, of < 0.
5. is continuous to the extent that vertical fractures, if present, have an average
horizontal spacing of = 10 cm and occupy < 20% (by volume); and

6. has a thickness of = 10 cm.

Field identification

Petroplinthic horizons are extremely hard and typically rusty brown to yellowish
brown. They are either massive or show an interconnected nodular or a reticulate, platy
or columnar pattern that encloses non-indurated material. They may be fractured.
Roots are generally found only in vertical fractures.

Relationships with some other diagnostics

Petroplinthic horizons are closely associated with plinthic and pisoplinthic horizons
from which they develop. In some places, plinthic horizons can be traced by following
petroplinthic layers that have formed, for example, in road cuts.

The low ratio between Fe,, and Fegy, separates the petroplinthic horizon from thin
iron pans, bog iron and indurated spodic horizons as occurring for example in Podzols,
which in addition contain a fair amount of organic matter.

Pisoplinthic horizon

General description

A pisoplinthic horizon (from Latin pisum, pea, and Greek plinthos, brick) contains
concretions or nodules that are strongly cemented to indurated with Fe (and in some
cases also with Mn) (hydr-)oxides.

11 Asiamah (2000). From this point onwards, the horizon will start hardening irreversibly.

12 Estimated from data given by Varghese and Byju (1993).
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Diagnostic criteria
A pisoplinthic horizon consists of mineral material and:

1. has = 40% of the volume occupied by strongly cemented to indurated,
yellowish, reddish and/or blackish concretions and/or nodules with a diameter
of = 2 mm; and

2. does not form part of a perroplinthic horizon; and
3. has a thickness of = 15 cm.

Relationships with some other diagnostics

A pisoplinthic horizon results if a plinthic horizon hardens in the form of discrete
concretions or nodules. The hardness of and the amount of concretions or nodules
separate it from the ferric horizon. If the concretions or nodules are sufficiently
interconnected, the pisoplinthic horizon becomes a petroplinthic horizon.

Plaggic horizon

General description

A plaggic horizon (from Low German plaggen, sod) is a black or brown mineral
surface horizon that results from human activity. Mostly in nutrient-poor soils in the
north-western part of Central Europe from Medieval times until the introduction of
mineral fertilizers at the beginning of the 20 century, sod and other topsoil materials
were commonly used for bedding livestock. The sods consist of grassy, herbaceous or
dwarf-shrub vegetation, its root mats and soil material sticking to them. The mixture
of sods and excrements was later spread on fields. The material brought in eventually
produced an appreciably thickened horizon (in places > 100 cm thick) that is rich in
sotl organic carbon. Base saturation is typically low.

Diagnostic criteria
A plaggic horizon is a surface horizon consisting of mineral material and:

1. has a texture class of sand, loamy sand, sandy loam or loam, or a combination
of them; and

2. contains artefacts; and

3. has a Munsell colour with a value of < 4 moist, and < 5 dry, and a chroma of
< 4 moist; and

4. has = 0.6% soil organic carbon; and

5. has a base saturation (by 1 M NH,OAc, pH 7) of < 50%, unless the soil has
been limed or fertilized; and

6. occurs in locally raised land surfaces; and
7. has a thickness of = 20 cm.

Field identification

The plaggic horizon has brownish or blackish colours, related to the origin of source
materials. It contains artefacts, but normally less than 20%. Its reaction is mostly
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slightly to strongly acid. The pH may have risen due to recent liming but without
reaching a high base saturation. It shows evidence of old agricultural operations in
its lower part, such as spade or hook marks as well as old cultivation layers. Plaggic
horizons commonly overlie buried soils although the original surface layers may be
mixed with the plaggen. In some cases, ditches had been made in the buried soil as a
cultivation mode for soil improvement. The lower boundary is typically clear.

Additional characteristics

The texture class is in most cases sand or loamy sand. Sandy loam and loam are rare.
The soil organic carbon may include carbon added with the plaggen. The P,Os content
(extractable in 1percent citric acid) in plaggic horizons may be high, often = 0.025%
within =< 20 cm of the soil surface. Originally, the plaggic horizon has a low base
saturation. If limed or fertilized, this criterion is waived.

Relationships with some other diagnostics

The low base saturation sets the plaggic horizon apart from the rerric horizon. Few
other soil characteristics differentiate the terric and plaggic horizons from each other.
Terric horizons usually have a neutral to slightly alkaline soil reaction (pHyaer 18
normally = 7) and may contain free calcium carbonates. They usually have a high
biological activity. Some plaggic horizons may also qualify as umbric or even as mollic
horizon. It cannot be excluded that a plaggic horizon fulfils also the criteria of the pretic
horizon. In this case, the soil scientist should use historical knowledge for making the
final decision, whether the horizon is called plaggic or pretic.

Plinthic horizon

General description

A plinthic horizon (from Greek plinthos, brick) is a subsurface horizon that is rich
in Fe (in some cases also Mn) (hydr-)oxides and poor in humus. The clay is mostly
kaolinitic, with the presence of other products of strong weathering, such as gibbsite.
The plinthic horizon usually changes irreversibly to a layer of hard concretions or
nodules or a hardpan on exposure to repeated wetting and drying with free access to
oxygen.

Diagnostic criteria
A plinthic horizon consists of mineral material and:

1. has within = 15% of the volume, single or in combination:

a. discrete concretions and/or nodules that in the moist state are at least firm,
with a redder hue or stronger chroma than the surrounding material; or

b. concentrations in platy, polygonal or reticulate patterns that in the moist
state are at least firm, with a redder hue or stronger chroma than the
surrounding material; and

2. one or more of the following:
a. has =2.5% (by mass) Fegy, in the fine earth fraction; or

b. has = 10% (by mass) Fegy, in the concretions, nodules or concentrations; or

c. hardens irreversibly after repeated wetting and drying; and
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3. has a ratio between Fe,, and Feg;;, of < 0.1 in the fine earth fraction'’; and

4. does not form part of a petroplinthic or pisoplinthic horizon; and
5. has a thickness of = 15 cm.

Field identification

A plinthic horizon shows prominent concretions or nodules or concentrations in
platy, polygonal or reticulate patterns. In a perennially moist soil, many concretions,
nodules or concentrations are not hard but firm or very firm and can be cut with a
spade. Repeated wetting and drying will generally change them irreversibly to hard
concretions or nodules or a hardpan (ironstone), especially if also exposed to heat from
the sun, but they do not harden irreversibly as a result of a single cycle of drying and
rewetting.

Additional characteristics

Micromorphological studies may reveal the extent of impregnation of the soil mass by Fe
(hydr-)oxides. The plinthic horizon with concretions or nodules has developed under
redoximorphic conditions caused by stagnating water and shows stagnic properties.
The plinthic horizon with concentrations in platy, polygonal or reticulate patterns
has developed under oximorphic conditions in the capillary fringe of groundwater. In
this case, the plinthic horizon shows gleyic properties with oximorphic colours and is
in many cases underlain by a whitish horizon. In many plinthic horizons, prolonged
reducing conditions are not present any more.

Relationships with some other diagnostics

If the concretions and nodules of the plinthic horizon harden and reach = 40% of
the volume, the plinthic horizon becomes a pisoplinthic horizon. If it hardens to a
continuous sheet, the plinthic horizon becomes a petroplinthic horizon.

If the concretions, nodules or mottles do not reach 15% of the volume, it may be a
ferric horizon.

Pretic horizon

General description

A pretic horizon (from Portuguese preto, black) is a mineral surface horizon that
results from human activities including the addition of charcoal. It is characterized by
its dark colour, the presence of artefacts (ceramic fragments, lithic instruments, bone or
shell tools etc.) and high contents of organic carbon, phosphorus, calcium, magnesium
and micronutrients (mainly zinc and manganese), usually contrasting with natural soils
in the surrounding area. It typically contains visible remnants of charcoal.

Pretic horizons are for example widespread in the Amazon Basin, where they are the
result of pre-Columbian activities and have persisted over many centuries despite the
prevailing humid tropical conditions and high organic matter mineralization rates.
These soils with a pretic horizon are known as “Terra Preta de Indio’ or ‘Amazonian
Dark Earths’. They generally have high organic carbon stocks. Many of them are
dominated by low-activity clays.

13 Estimated from data given by Varghese and Byju (1993).
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Diagnostic criteria
A pretic horizon is a surface horizon consisting of mineral material and has:

1.

7.

a Munsell colour value of < 4 and a chroma of = 3, both moist; and
= 1% organic carbon; and

exchangeable Ca plus Mg (by 1 M NH,OAc, pH 7) of = 2 cmol, kg™! fine
earth; and

= 30 mg kg ! of extractable P (Mehlich-1); and

one or more of the following:

a. = 1% artefacts (by volume, by weighted average); or

b. = 1% charcoal (by volume, by weighted average); or

c. evidences of past human occupation in the surrounding landscape,
e.g. constructions, gardens, shell mounds (‘sambaquis’), or earthworks

(geoglyphs); and

< 25% (by volume, by weighted average) of animal pores, coprolites or other
traces of soil animal activity; and

one or more layers with a combined thickness of = 20 cm.

Additional characteristics
Charcoal is an artefact only if it is intentionally manufactured by humans.

Relationships with some other diagnostics

Pretic horizons do not show the animal activity required for hortic and irragric
horizons. The diagnostic criteria for P concentrations in pretic and hortic horizons are
based on different analytical methods with a lower requirement for the pretic horizon.
It cannot be excluded that a pretic horizon fulfils also the criteria of the plaggic
horizon. In this case, the soil scientist should use historical knowledge for making the
final decision, whether the horizon is called plaggic or pretic. Some pretic horizons may
qualify as mollic or umbric horizons.

Protovertic horizon

General description

A protovertic horizon (from Greek protou, before, and Latin vertere, to turn) has
swelling and shrinking clays.

Diagnostic criteria
A protovertic horizon consists of mineral material and has:

1.

2.

= 30% clay; and

one or more of the following:
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a. wedge-shaped soil aggregates in = 10% of the soil volume; or

b. slickensides (pressure faces with smooth striations or grooves that are
produced by shrink-swell forces) at = 5% of the surfaces of soil aggregates;
or

c. shrink-swell cracks; or
d. a COLE of = 0.06 averaged over the depth of the horizon; and
3. athickness of = 15 cm.

Field identification

Wedge-shaped aggregates and slickensides may not be immediately evident if the soil
is moist. A decision about their presence can sometimes only be made after the soil has
dried out. Wedge-shaped aggregates may be a substructure of larger angular blocky
or prismatic elements, which should be carefully examined to see if wedge-shaped
aggregates are present.

Relationships with some other diagnostics
If the swelling and shrinking is more prominent (or the layer is thicker) the protovertic
horizon grades into a vertic horizon.

Salic horizon
General description
A salic horizon (from Latin sal, salt) is a surface horizon or a subsurface horizon at a

shallow depth that contains high amounts of readily soluble salts, i.e. salts more soluble
than gypsum (CaSO,42H,0; log Ks = -4.85 at 25 °C).

Diagnostic criteria
A salic horizon has:

1. at some time of the year an electrical conductivity of the saturation extract

(EC.) at 25 °C of
a. 215dS m; or
b. =8dS m! if the pHyqr of the saturation extract is = 8.5; and

2. at some time of the year a product of thickness (in centimetres) and EC, at
25 °C (in dS m™) of = 450; and

3. athickness of = 15 cm.

Field identification

Salicornia, Tamarix or other halophyte plants and salt-tolerant crops are first indicators.
Salt-affected layers are often puffy. Salts precipitate only after evaporation of most soil
moisture; if the soil is moist, salt may not be visible.

Salts may precipitate at the surface (external Solonchaks) or at depth (internal
Solonchaks). A salt crust, if present, is part of the salic horizon.
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Additional characteristics

In alkaline carbonate soils, an EC. at 25 °C of = 8 dS m™! and a pHyer of = 8.5 are very
common. Salic horizons may consist of organic or mineral material.

Sombric horizon
General description

A sombric horizon (from French sombre, dark) is a dark-coloured subsurface horizon
containing illuvial humus that is neither associated with Al nor dispersed by Na.

Diagnostic criteria
A sombric horizon consists of mineral material and:

1. has a lower Munsell colour value or chroma, moist, than the overlying horizon;
and

2. shows evidence of humus accumulation by one or more of the following:

a. a higher content of soil organic carbon with respect to the directly overlying
horizon; or

b. illuvial humus on soil aggregate surfaces or in pores; or
c. illuvial humus in pores visible in thin sections; and

3. does not have a lithic discontinuity at its upper limit, does not directly underlie
a layer with albic material and does not form part of a natric or spodic horizon;
and

4. has a thickness of = 15 cm.

Field identification

Sombric horizons are found in dark-coloured subsoils, associated with cool and moist,
well-drained soils of high plateaus and mountains in tropical and subtropical regions.
They resemble buried horizons but, in contrast to many of these, sombric horizons
more or less follow the shape of the surface.

Relationships with some other diagnostics

Sombric horizons may coincide with argic, cambic, ferralic or nitic horizons. Sombric
horizons may resemble melanic and fulvic or buried mollic or umbric horizons. Spodic
horizons are differentiated from sombric horizons by their much higher CEC of the
clay fraction. The humus-illuvial part of natric horizons has a higher clay content,
a high Na saturation and a specific structure, which separates them from sombric
horizons.

Spodic horizon

General description

A spodic horizon (from Greek spodos, wood ash) is a subsurface horizon that contains
illuvial substances composed of organic matter and Al, or of illuvial Fe. The illuvial
materials are characterized by a high pH-dependent charge, a relatively large surface
area and high water retention.
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Diagnostic criteria

A spodic horizon consists of mineral material and:

1. hasa pH (1:1 in water) of < 5.9 in = 85% of the horizon, unless the soil is
cultivated; and

2. has in = 85% of its uppermost 1 cm, one or both of the following:

a. = 0.5% soil organic carbon; or

b. an optical density of the oxalate extract (ODOE) value of = 0.25; and

3. one or both of the following:

a. is overlain by albic material, that is not separated from the spodic horizon
by a lithic discontinuity and that overlies the spodic horizon either directly
or above a transitional horizon that has a thickness of one-tenth or less of
the overlying albic material, and

has in = 85% of its uppermost 2.5 cm, one of the following Munsell colours,
moist (crushed and smoothed sample):

ii.

ii.

1v.

V.

a hue of 5YR or redder; or

a hue of 7.5YR and a value of =5 and a chroma of < 4; or
a hue of 10YR and a value and a chroma of < 2; or

a colour of 10YR 3/1; or

a hue of N and a value of < 2; or

b. has one of the colours listed above or a colour with a hue of 7.5YR, a value
of =5 and a chroma of 5 or 6, all moist (crushed and smoothed sample), in
= 85% of its uppermost 2.5 cm, and

has one or more of the following:

ii.

iil.

1v.

cementation by organic matter and Al with or without Fe, in = 50%
of the horizon and a very firm or firmer consistency in the cemented
part; or

= 10% of the sand grains of the horizon showing cracked coatings; or

a subhorizon with an Al + ¥Fe,, value of = 0.5% that is = 2 times
higher than the lowest Al,, + V2Fe, value of all the mineral horizons
above the spodic horizon; or

a subhorizon with an ODOE value of = 0.25 that is = 2 times higher
than the lowest ODOE value of all the mineral horizons above the
spodic horizon; or
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v.  =10% (by volume) Fe lamellae!* in a layer = 25 cm thick; and
4. does not form part of a natric horizon; and

5. if occurring under tephric material that satisfies the requirements of albic
material: has a C,,/OC!" and a C/C, of = 0.5 in its uppermost 2.5 cm; and

6. has a thickness of = 2.5 cm and its lower limit at

a. the lower limit of the lowermost subhorizon fulfilling the diagnostic criteria
1 and 4 and having one of the colours listed under 3; or

b. the lower limit of the lowermost subhorizon fulfilling the diagnostic criteria
1 and 4 and one or more of the diagnostic criteria listed under 3b, i - v;

whichever is deeper.

Field identification

A spodic horizon often underlies albic material and has brownish-black to reddish-
brown colours, which often fade downwards. Spodic horizons can also be characterized
by the presence of a thin iron pan, or when weakly developed, by the presence of
organic pellets, or by the accumulation of Fe in lamellar form.

Relationships with some other diagnostics
Spodic horizons are often associated with albic material, which they underlie; there
may be a hortic, plaggic, terric or umbric horizon above, with or without a/bic material.

Spodic horizons in volcanic materials may exhibit andic properties as well. Spodic
horizons in other Podzols may exhibit some characteristics of the andic properties,
but normally have a higher bulk density. For classification purposes, the presence
of a spodic horizon, unless buried deeper than 50 cm, is given preference over the
occurrence of andic properties.

Some layers with andic properties are covered by relatively young, light-coloured
volcanic ejecta that satisfy the requirements of albic material. Therefore, in a number
of cases, analytical tests are needed in order to verify the difference between layers with
andic properties and spodic horizons, in particular the C,, to OC or C; to C,, ratio
tests.

Similar to many spodic horizons, sombric horizons also contain more organic matter
than an overlying layer. They can be differentiated from each other by the clay
mineralogy (kaolinite usually dominating in sombric horizons, whereas the clay
fraction of spodic horizons commonly contains significant amounts of vermiculite
and Al-interlayered chlorite) and the much higher CEC of the clay fraction in spodic

horizons.

Plinthic horizons, which contain large amounts of accumulated Fe, have less Fe,, than
the spodic horizons.

14 Tron lamellae are non-cemented bands of illuvial iron < 2.5 cm thick.

15 C,, Crand OC are pyrophosphate-extractable C, fulvic acid C and organic C,

respectively (Ito et al., 1991), expressed as percent of the fine earth (0-2 mm) fraction on an
oven-dried (105 °C) basis.
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Terric horizon
General description

A terric horizon (from Latin rerra, earth) is a mineral surface horizon that develops
through addition of, for example, earthy manures, compost, beach sands, loess or mud.
It may contain stones, randomly sorted and distributed. In most cases it is built up
gradually over a long period of time. Occasionally, terric horizons are created by single
additions of material. Normally the added material is mixed with the original topsoil.

Diagnostic criteria
A terric horizon is a surface horizon consisting of mineral material and:

1. has a colour related to the source material; and

2. has a base saturation (by 1 M NH,OAc, pH 7) of = 50%; and
3. does not show stratification; and

4. occurs in locally raised land surfaces; and

5. has a thickness of = 20 cm.

Field identification

Soils with a terric horizon show a raised surface that may be inferred, either from field
observation or from historical records. The terric horizon is not homogeneous, but
subhorizons are thoroughly mixed. It commonly contains artefacts such as pottery
fragments, cultural debris and refuse, that are typically very small (< 1 cm in diameter)

and much abraded.

Relationships with some other diagnostics

Few soil characteristics differentiate the terric and plaggic horizons from each other.
Terric horizons commonly show a high biological activity, have a neutral to slightly
alkaline soil reaction (pHyuer is normally = 7), and may contain free lime, whereas
plaggic horizons have an acid soil reaction, unless lime or mineral fertilizers have raised
the pH. The colour of the terric horizon is strongly related to the source material.
Buried soils may be observed at the base of the horizon although mixing can obscure
the contact. Some terric horizons may qualify as mollic horizon.

Thionic horizon
General description

A thionic horizon (from Greek theion, sulfur) is an extremely acid subsurface horizon
in which sulfuric acid is formed through oxidation of sulfides.

Diagnostic criteria
A thionic horizon has:

1. apH <4 (1:1 by mass in water, or in a minimum of water to permit
measurement); and

2. one or more of the following:

a. mottles or coatings with accumulations of iron or aluminium sulfate or
hydroxysulfate minerals; or
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b. direct superposition on s#lfidic material; or
c. =0.05% (by mass) water-soluble sulfate; and
3. athickness of = 15 cm.

Field identification

Thionic horizons generally exhibit pale yellow jarosite or yellowish-brown
schwertmannite mottles or coatings. Soil reaction is extremely acid; pHyuer of 3.5 is
not uncommon. While mostly associated with recent sulfidic coastal sediments, thionic
horizons may also develop inland in sulfidic materials that may be present either in
natural deposits or in arzefacts such as mine spoil.

Additional characteristics

Iron or aluminium sulfate or hydroxysulfate minerals include jarosite, natrojarosite,
schwertmannite, sideronatrite and tamarugite. Thionic horizons may consist of organic
or mineral material.

Relationships with some other diagnostics

A thionic horizon often underlies a strongly mottled horizon with stagnic properties
(reddish to reddish-brown iron hydroxide mottles and a light-coloured, Fe-depleted
matrix).

Umbric horizon

General description

An umbric horizon (from Latin #mbra, shade) is a relatively thick, dark-coloured
surface horizon with a low base saturation and a moderate to high content of organic
matter.

Diagnostic criteria

An umbric horizon is a surface horizon consisting of mineral material. For diagnostic
criteria 2 to 4, the weighted average of each value is calculated and then checked against
the diagnostic criteria, either for the upper 20 ¢cm, or for the entire mineral soil above
continuous rock, technic hard material or a cryic, petroduric or petroplinthic horizon if
starting < 20 cm from the mineral soil surface. If the umbric horizon has subhorizons
that start = 20 cm from the mineral soil surface, a weighted average for those
subhorizons is not calculated; each value is checked separately against the diagnostic
criteria. An umbric horizon has:

1. asoil structure sufficiently strong, that it is not both massive and hard or
very hard, when dry (prisms larger than 30 cm in diameter are included in the
meaning of massive if there is no structure further subdividing the prisms); and
2. 2 0.6% soil organic carbon; and

3. one or both of the following:

a. in slightly crushed samples a Munsell colour value of < 3 moist, and < 5 dry,
and a chroma of = 3 moist; or

b. all of the following:
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i.  atexture class of loamy sand or coarser; and

ii. in slightly crushed samples a Munsell colour a value of <5 and a
chroma of = 3, both moist; and

ili. =2.5% soil organic carbon; and

4. 2 0.6% (absolute) more soil organic carbon than the parent material, if parent
material is present, that has a Munsell colour value of < 4, moist; and

5. a base saturation (by 1 M NH,OAc, pH 7) of < 50% on a weighted average,
throughout the entire thickness of the horizon; and

6. a thickness of one of the following:

a. =10 cm if directly overlying continuous rock, technic hard material or a
cryic, petroduric or petroplinthic horizon; or

b. =20 cm.

Field identification

The main field characteristics of an umbric horizon are its dark colour and its structure.
In general, umbric horizons tend to have a lesser grade of soil structure than mollic
horizons.

Most umbric horizons have an acid reaction (pHyaer < 5.5), which usually indicates a
base saturation of < 50%. An additional indication for the strong acidity is a shallow,
horizontal rooting pattern in the absence of a physical barrier.

Relationships with some other diagnostics

The base saturation requirement sets the umbric horizon apart from the mollic horizon,
which is otherwise very similar. The upper limit of the content of soil organic carbon is
20%, which is the lower limit for organic material.

Some #rragric or plaggic horizons may also qualify as umbric horizons.
Vertic horizon

General description

A vertic horizon (from Latin vertere, to turn) is a clayey subsurface horizon that, as
a result of shrinking and swelling, has slickensides and wedge-shaped soil aggregates.

Diagnostic criteria
A vertic horizon consists of mineral material and has:

1. 230% clay; and
2. one or both of the following:

a. wedge-shaped soil aggregates with a longitudinal axis tilted between = 10°
and = 60° from the horizontal in = 20% of the soil volume; or
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b. slickensides (pressure faces with smooth striations or grooves that are
produced by shrink-swell forces) at = 10% of the surfaces of soil aggregates;
and

3. shrink-swell cracks; and
4. a thickness of = 25 cm.

Field identification
Vertic horizons are clayey, and when dry often have a hard to very hard consistency.
Polished, shiny surfaces (slickensides), often at sharp angles, are distinctive.

Wedge-shaped aggregates and slickensides may not be immediately evident if the soil
is moist. A decision about their presence can sometimes only be made after the soil has
dried out. Wedge-shaped aggregates may be a substructure of larger angular blocky
or prismatic elements, which should be carefully examined to see if wedge-shaped
aggregates are present.

Additional characteristics

The COLE is a measure for the shrink—swell potential and is defined as the ratio of
the difference between the moist length and the dry length of a clod to its dry length:
(L - Lg)/Ly, in which Ly, is the length at 33 kPa tension and Ly the length when dry.
In vertic horizons, the COLE is = 0.06.

Relationships with some other diagnostics

Several other diagnostic horizons may also have high clay contents, e.g. the argic,
natric and nitic horizons. Although some of them may qualify as vertic horizons, most
of them lack the characteristics typical for the vertic horizon. However, they may be
laterally linked in the landscape with the vertic horizon, the latter usually taking up the
lowest position. Less pronounced swelling and shrinking of clays leads to a protovertic
horizon.
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DIAGNOSTIC PROPERTIES

Abrupt textural difference

General description

An abrupt textural difference (from Latin abruptus, abrupt) is a very sharp increase in
clay content within a limited depth range.

Diagnostic criteria
An abrupt textural difference requires:

1. = 8% clay in the underlying layer; and
2. within =5 c¢m, one of the following:

a. at least a doubling of the clay content if the overlying layer has < 20% clay;
or

b. =20% (absolute) increase in clay content if the overlying layer has = 20%
clay.

Albeluvic glossae

General description

The term albeluvic glossae (from Latin albus, white, and eluere, to wash out, and Greek
glossa, tongue) is connotative of penetrations of clay- and Fe-depleted material into an
argic horizon. Albeluvic glossae occur along soil aggregate surfaces forming vertically
continuous tongues. In horizontal sections they exhibit a polygonal pattern.

Diagnostic criteria
Albeluvic glossae refer to a combination of stronger coloured parts and lighter

coloured parts within the same layer, with all of the following:
1. the stronger coloured parts belong to an argic horizon; and

2. the lighter coloured parts consist of albic material; and

3. the stronger coloured parts have, compared with the lighter coloured parts, the
following Munsell colour, moist:

a. a hue = 2.5 units redder, or
b. a value = 1 unit lower, or
c. achroma = 1 unit higher; and

4. the clay content of the stronger coloured parts is higher compared with the
lighter coloured parts, as specified for the argic horizon; and

5. the lighter coloured parts have a greater depth than width, with the following
horizontal dimensions:

a. 2 0.5 cm in argic horizons that have a clay or silty clay texture class; or
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b. =1 cm in argic horizons that have a texture class of silt, silt loam, silty clay
loam, loam, clay loam or sandy clay; or

c. = 1.5 cm in argic horizons with other texture classes; and

6. the lighter coloured parts start at the upper limit of the argic horizon and are
continuous to a depth of = 10 cm below the upper limit of the argic horizon;
and

7. the lighter coloured parts occupy areas = 10 and = 90% in both vertical and
horizontal sections, within the upper 10 cm of the argic horizon; and

8. do not occur within a plough layer.

Relationships with some other diagnostics

Albeluvic glossae are a special case of retic properties. In retic properties, the lighter
coloured parts may be thinner and are not necessarily vertically continuous. Retic
properties may also be present in natric horizons whereas albeluvic glossae are defined
only in argic horizons. The argic horizon into which the albeluvic glossae penetrate
may also fulfil the diagnostic criteria of a fragic horizon. The argic horizon is overlain
by a layer with albic material or by a cambic horizon or by a plough layer.

Andic properties

General description

Andic properties (from Japanese an, dark, and do, soil) result from moderate
weathering of mainly pyroclastic deposits. The presence of short-range-order minerals
and/or organo-metallic complexes is characteristic for andic properties. These
minerals and complexes are commonly part of the weathering sequence in pyroclastic
deposits (tephric soil material = vitric properties - andic properties). However, andic
properties with organo-metallic complexes may also form in non-pyroclastic silicate-
rich materials in cool-temperate and humid climates.

Andic properties may be found at the soil surface or in the subsurface, commonly
occurring as layers. Many surface layers with andic properties contain a high amount
of organic matter (= 5%), are commonly very dark coloured (Munsell colour value
and chroma of < 3, moist), have a fluffy macrostructure, and in some places a smeary
consistence. They have a low bulk density and commonly have a silt loam or finer
texture. Andic surface layers rich in organic matter may be very thick, having a
thickness of = 50 ¢cm in some soils. Andic subsurface layers are generally somewhat
lighter coloured.

Andic layers may have different characteristics, depending on the type of the dominant
weathering process acting upon the soil material. They may exhibit thixotropy, i.e. the
soil material changes, under pressure or by rubbing, from a plastic solid into a liquefied
stage and back into the solid condition. In perhumid climates, humus-rich andic layers
may contain more than twice the water content of samples that have been oven-dried
and rewetted (hydric characteristic).

Two major types of andic properties are recognized: one in which allophane, imogolite
and similar minerals are predominant (the silandic type); and one in which Al complexed
by organic acids prevails (the aluandic type). The silandic property typically gives a
strongly acid to neutral soil reaction and is a bit lighter coloured, while the aluandic
property gives an extremely acid to acid reaction and a blackish colour.
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Diagnostic criteria
Andic!® properties require:

1. an Al + YFe value of = 2%; and
2. abulk density!” of < 0.9 kg dm™; and
3. a phosphate retention of = 85%.

Field identification

Andic properties may be identified using the sodium fluoride field test of Fieldes and
Perrott (1966). A pH in NaF of = 9.5 indicates allophane and/or organo-aluminium
complexes in carbonate-free soils. The test is indicative for most layers with andic
properties, except for those very rich in organic matter. However, the same reaction
occurs in spodic horizons and in certain acid clays that are rich in Al-interlayered clay
minerals.

Additional characteristics

Andic properties may be divided into silandic and aluandic properties. Silandic
properties show a Sio, content of = 0.6% or an Al,,/Al,, of < 0.5; aluandic properties
show a Si, content of < 0.6% and an Al,/Al, of = 0.5. Transitional alusilandic
properties show a Sio content between = 0.6 and < 0.9% and an Al,,/Al., between
= 0.3 and < 0.5 (Poulenard and Herbillon, 2000) and are regarded as a special case of
silandic properties.

Uncultivated, organic matter-rich surface layers with silandic properties typically have
a pHyaer of 2 4.5, while uncultivated surface layers with aluandic properties and rich
in organic matter typically have a pH..r of < 4.5. Generally, pH ., in silandic subsoil
layers is = 5.

Relationships with some other diagnostics

Vitric properties are distinguished from andic properties by a lesser degree of
weathering. This is evidenced by the presence of volcanic glasses and usually by a lower
amount of short-range-order pedogenetic minerals and/or organo-metallic complexes,
as characterized by a lower amount of Al,, and Fe,, a higher bulk density, or a lower
phosphate retention.

Spodic horizons, which also contain complexes of sesquioxides and organic substances,
can exhibit andic properties as well. Andic properties may also be present in chernic,
mollic or umbric horizons.

Anthric properties

General description

Anthric properties (from Greek anthropos, human) apply to some cultivated soils with
mollic or umbric horizons. Some of them are altered natural mollic or umbric horizons.
But some of the mollic horizons with anthric properties are natural #mbric horizons
transformed into mollic horizons by liming and fertilization. Even thin, light-coloured
or humus-poor mineral topsoil horizons may be transformed into #mbric or even

16 Adapted after Shoji et al., 1996, and Takahashi, Nanzyo and Shoji, 2004.

17" For bulk density, the volume is determined after an undried soil sample has been desorbed

at 33 kPa (no prior drying), and afterwards the weight is determined oven-dried (see
Annex 2).
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mollic horizons by long-term cultivation (ploughing, liming, fertilization etc.). In this
case the soil has very little biological activity, which is especially uncommon for soils
with mollic horizons.

Diagnostic criteria
Anthric!® properties:

1. occur in soils with a mollic or umbric horizon; and
2. show evidence of human disturbance by one or more of the following:

a. an abrupt lower boundary at ploughing depth and evidence of mixing of
humus-richer and humus-poorer soil materials by cultivation; or

b. lumps of applied lime; or
c. = 1.5 gkg! P,Os soluble in 1percent citric acid; and

3. show < 5% (by volume) of animal pores, coprolites or other traces of soil
animal activity

a. in a depth between 20 and 25 cm from the soil surface, if the soil is

unploughed; or
b. in a depth range of 5 cm below the plough layer.

Field identification

Signs of mixing or cultivation, evidence of liming (e.g. remnants of applied lime
chunks), the dark colour and the almost complete absence of traces of soil animal
activity are the main criteria for recognition.

Incorporated humus-richer material may be established with the naked eye, using a 10x
hand lens or using thin sections, depending on the degree of fragmentation/dispersion
of the humus-richer material. The incorporated humus-richer material is typically
weakly bound to the humus-poorer material, which is manifested by uncoated mineral
grains of silt or sand size in a darker matrix throughout the mixed layer.

Relationships with some other diagnostics

Anthric properties are an additional characteristic of some mollic or umbric horizons.
Chernic horizons show normally a higher animal activity and do not have anthric
porperties.

Aridic properties

General description

The term aridic properties (from Latin aridus, dry) combines a number of properties
that are common in surface horizons of soils under arid conditions, which can occur
under any temperature regime from very hot to very cold, and where pedogenesis
exceeds new accumulation at the soil surface by aeolian or alluvial activity.

18 Modified after Krogh and Greve (1999).
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Diagnostic criteria
Aridic properties require:

1. asoil organic carbon content, calculated as a weighted average in the upper
20 c¢m of the soil or down to the top of a diagnostic subsurface horizon, a
cemented or indurated layer or to continuous rock or technic hard material,
whichever is shallower; that meets one the following:

a. <0.2%; or

b. <0.6% if the texture class in the fine earth fraction is sandy loam or finer;
or

¢. < 1%, if the soil is periodically flooded or if it has an EC, at 25 °C of = 4
dS m™! somewhere within = 100 cm of the soil surface; and

2. evidence of aeolian activity in one or more of the following forms:

a. the sand fraction in some layer in the upper 20 cm of the soil or in in-blown
material filling cracks contains rounded or subangular sand particles
showing a matt surface (use a x10 hand lens); these particles make up = 10%
of the medium and coarser sand fraction; or

b. wind-shaped rock fragments (ventifacts) at the surface; or

c. aeroturbation (e.g. cross-bedding) in some layer in the upper 20 cm of the
soil; or

d. evidence of wind erosion; or

e. evidence of wind deposition in some layer in the upper 20 cm of the soil;

and

3. broken and crushed samples with a Munsell colour value of = 3 moist, and = 5
dry, and a chroma of = 2 moist in the upper 20 cm of the soil or down to the
top of a diagnostic subsurface horizon, a cemented or indurated layer or to
continuous rock or technic hard material, whichever is shallower; and

4. abase saturation (by 1 M NH4,OAc, pH 7) of = 75% in the upper 20 cm of
the soil or down to the top of a diagnostic subsurface horizon, a cemented or
indurated layer or to continuons rock or technic hard material, whichever is
shallower.

Additional characteristics

The presence of acicular (needle-shaped) clay minerals (e.g. sepiolite and
palygorskite) in soils is considered connotative of a desert environment, but it has
not been reported in all desert soils. This may be due either to the fact that, under
arid conditions, acicular clays are not produced but only preserved, provided they
exist in the parent material or in the dust that falls on the soil, or that, in some
desert environments, there has not been sufficient weathering to produce detectable
quantities of secondary clay minerals.
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Continuous rock

Diagnostic criteria

Continuous rock is consolidated material underlying the soil, exclusive of cemented
or indurated pedogenetic horizons such as petrocalcic, petroduric, petrogypsic and
petroplinthic horizons. Continuous rock is sufficiently consolidated to remain intact
when an air-dried specimen, 25-30 mm on one side, is submerged in water for 1 hour.
The material is considered continuous only if cracks into which roots can enter are on
average = 10 cm apart and occupy < 20% (by volume) of the continuous rock, with no
significant displacement of the rock having taken place.

Geric properties
General description
Geric properties (from Greek geraios, old) refer to mineral soil material that has a very
low sum of exchangeable bases plus exchangeable Al or even acts as an anion exchanger.

Diagnostic criteria
Geric properties require one or both of the following:

1. asum of exchangeable bases (by 1 M NH,OAc, pH 7) plus exchangeable Al
(by 1 M KClI, unbuffered) of < 1.5 cmol. kg™! clay or

2. adelta pH (pHkci minus pHy ;) of = +0.1.

Gleyic properties

General description

Soil materials develop gleyic properties (from Russian gley, mucky soil mass) if they
are saturated with groundwater (or were saturated in the past, if now drained) for a
period that allows reducing conditions to occur (this may range from a few days in the
tropics to a few weeks in other areas). However, there may be gleyic properties in a
clayic layer over a sandy layer, even without the influence of groundwater. In some
soils with gleyic properties, the reducing conditions are caused by upmoving gases such
as methane or carbon dioxide.

Diagnostic criteria
Gleyic properties comprise one of the following:

1. alayer with = 95% (exposed area) having colours considered to be
reductimorphic, that have:

a. a Munsell colour hue of N, 10Y, GY, G, BG, B, PB, moist; or
b. a Munsell colour hue of 2.5Y or 5Y with a chroma of < 2, moist; or

2. alayer with > 5% (exposed area) mottles, the colour of which is considered to
be oximorphic, that:

a. are predominantly around root channels, and if soil aggregates are present,
predominantly at or near the surfaces of the aggregates; and

b. have, moist, a Munsell colour hue = 2.5 units redder than the surrounding
material and a Munsell colour chroma = 1 unit higher than the surrounding
material; or
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3. a combination of two layers: a layer fulfilling diagnostic criterion 2 and a
directly underlying layer fulfilling diagnostic criterion 1.

Field identification

Gleyic properties result from a redox gradient between groundwater and the capillary
fringe causing an uneven distribution of iron or manganese (hydr-)oxides. In the lower
part of the soil and/or inside the soil aggregates, the oxides are either transformed
into insoluble Fe/Mn(II) compounds or they are translocated; both processes lead
to the absence of colours that have a hue redder than 2.5Y. Translocated Fe and
Mn compounds can be concentrated in the oxidized form (Fe[III], Mn[IV]) on soil
aggregate surfaces or in biopores (rusty root channels), and towards the surface even
in the matrix. Mn concentrations can be recognized by strong effervescence using a
10percent H,O; solution.

Reductimorphic colours reflect permanently wet conditions. In loamy and clayey
material, blue-green colours predominate owing to Fe(Il, III) hydroxy salts (green
rust). If the material is rich in sulfur (S), blackish colours prevail owing to colloidal
iron sulfides such as greigite or mackinawite (easily recognized by smell, after applying
1 M HCI). In calcareous material, whitish colours are dominant owing to calcite and/or
siderite. Sands are usually light grey to white in colour and also often impoverished in
Fe and Mn. Bluish-green and black colours are unstable and often oxidize to a reddish
brown within a few hours of exposure to air. The upper part of a reductimorphic layer
may show up to 5% rusty colours, mainly around channels of burrowing animals or
plant roots.

Oximorphic colours reflect oxidizing conditions, as in the capillary fringe and in
the surface horizons of soils with fluctuating groundwater levels. Specific colours
indicate ferrihydrite (reddish brown), goethite (bright yellowish brown), lepidocrocite
(orange), schwertmannite (dark orange) and jarosite (pale yellow). In loamy and clayey
soils, the iron oxides/hydroxides are concentrated on soil aggregate surfaces and the
walls of larger pores (e.g. old root channels).

In most cases, a layer fulfilling diagnostic criterion 2 overlies a layer fulfilling criterion
1. Many underwater soils (freshwater or seawater) and tidal soils have only a layer that
fulfils diagnostic criterion 1 and no layer fulfilling criterion 2.

Relationships with some other diagnostics

Gleyic properties differ from stagnic properties. Gleyic properties are caused by an
upmoving reducing agent (mostly groundwater) leading to an underlying strongly
reduced layer and an overlying layer with oximorphic colours near the soil aggregate
surfaces. (In some soils only one of these layers is present.) Stagnic properties are
caused by stagnation of an intruding reducing agent (mostly rainwater) leading to an
overlying reduced layer and an underlying layer with oximorphic colours inside the
soil aggregates. (In some soils, only one of these layers is present.)

Lithic discontinuity

General description

Lithic discontinuities (from Greek lithos, stone, and Latin continuare, to continue)
are significant differences in particle-size distribution or mineralogy that represent
differences in parent material within a soil. A lithic discontinuity can also denote an age
difference. The different strata may have the same or a different mineralogy.
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Diagnostic criteria

When comparing layers directly superimposed on the other, a lithic discontinuity
requires one or more of the following:

1. an abrupt difference in particle-size distribution that is not solely associated
with a change in clay content resulting from pedogenesis; or

2. both of the following:

a. one or more of the following, calculated for the respective contents in the fine
earth fraction:

1. a difference of = 25% in the ratio coarse sand to medium sand, and
a difference of = 5% (absolute) in the content of coarse sand and/or
medium sand; or

1. a difference of = 25% in the ratio coarse sand to fine sand, and a
difference of = 5% (absolute) in the content of coarse sand and/or fine
sand; or

. a difference of = 25% in the ratio medium sand to fine sand, and a
difference of = 5% (absolute) in the content of medium sand and/or
fine sand; and

b. the differences do not result from original variation within the parent
material in the form of a patchwise distribution of different particle size
fractions within a layer; or

3. rock fragments that do not have the same lithology as the underlying
continuous rock; or

4. alayer containing rock fragments without weathering rinds overlying a layer
containing rocks with weathering rinds; or

5. alayer with angular rock fragments overlying or underlying a layer with
rounded rock fragments; or

6. alayer with a larger content of coarse fragments overlying a layer with a
smaller content of coarse fragments; or

7. abrupt differences in colour not resulting from pedogenesis; or

8. marked differences in size and shape of resistant minerals between
superimposed layers (as shown by micromorphological or mineralogical
methods); or

9. differences in the TiO,/ZrO, ratios of the sand fraction by a factor of 2.

Additional characteristics

In some cases, a lithic discontinuity may be suggested by one of the following: a
horizontal line of rock fragments (stone line) overlying and underlying layers with
lesser amounts of rock fragments, or a decreasing percentage of rock fragments with
increasing depth. On the other hand, the sorting action of small fauna such as termites
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can produce similar effects in what would initially have been lithicly uniform parent
material.

Diagnostic criterion 2 is illustrated by the following example:

Layer 1: 20% coarse sand, 10% medium sand - ratio coarse sand to medium
sand: 2.

Layer 2: 15% coarse sand, 10% medium sand —> ratio coarse sand to medium
sand: 1.5.

Difference in ratios: 25%

Difference in contents of coarse sand (absolute): 5%
Difference in contents of medium sand (absolute): 0

Result: between the two layers, there is a lithic discontinuity.

Generally, the formula for calculating differences in ratios is:

ABS(ratio;-ratio;,{)/MAX(ratio; ratio;,;)*100

Protocalcic properties

General description

Protocalcic properties (from Greek protou, before, and Latin calx, lime) refer to
carbonates that are derived from the soil solution and precipitated in the soil. They do
not belong to the soil parent material or to other sources such as dust. These carbonates
are called secondary carbonates. For protocalcic properties, they should be permanent
and be present in significant quantities.

Diagnostic criteria
Protocalcic properties refer to carbonate accumulations that show one or more of the
following:

1. disrupt the soil structure or fabric; or

2. occupy = 5% of the soil volume with masses, nodules, concretions or
spheroidal aggregates (white eyes) that are soft and powdery when dry; or

3. cover with soft coatings = 50% of structural faces, pore surfaces or
undersides of rock or cemented fragments, thick enough to be visible when
moist; or

4. form permanent filaments (psendomycelia).

Additional characteristics

Accumulations of secondary carbonates qualify as protocalcic properties only if they
are permanent and do not come and go with changing moisture conditions. This can
be checked by spraying some water.
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Relationships with some other diagnostics

Stronger accumulations of secondary carbonates may qualify for a calcic horizon, or
if cemented or indurated, for a petrocalcic horizon. Calcaric material refers to primary
carbonates.

Reducing conditions

Diagnostic criteria

Reducing conditions (from Latin reducere, to draw back) show one or more of the
following:

1. a negative logarithm of the hydrogen partial pressure (rH, calculated as Eh-29°!
+ 2-pH) of < 20; or

2. the presence of free Fe?*, as shown on a freshly broken and smoothed surface
of a field-wet soil by the appearance of a strong red colour after wetting it with
a 0.2percent a,0-dipyridyl solution in 10percent acetic acid; or

3. the presence of iron sulfide; or
4. the presence of methane.

Caution: a,0-dipyridyl solution is toxic if swallowed and harmful if absorbed through
skin or inhaled. It has to be used with care. In soil materials with a neutral or alkaline
soil reaction it may not give the strong red colour.

Retic properties

General description

Retic properties (from Latin rete, net) describe the interfingering of coarser-textured
albic material into a finer-textured argic or natric horizon. The interfingering coarser-
textured albic material is characterized by a partial removal of clay and free iron oxides.
There may be also coarser-textured albic material falling from the overlying horizon
into cracks in the argic or natric horizon. The interfingering coarser-textured albic
material is found as vertical and horizontal whitish intercalations on the faces and edges
of soil aggregates.

Diagnostic criteria
Retic properties refer to a combination of stronger coloured parts and lighter coloured
parts within the same layer, with all of the following:

1. the stronger coloured parts belong to an argic or natric horizon; and

2. the lighter coloured parts consist of albic material; and

3. the stronger coloured parts have, compared with the lighter coloured parts, the
following Munsell colour, moist:

a. a hue = 2.5 units redder, or
b. a value = 1 unit lower, or

c. achroma = 1 unit higher; and
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4. the clay content of the stronger coloured parts is higher compared with the
lighter coloured parts, as specified for the argic or natric horizon; and

5. the lighter coloured parts are = 0.5 cm wide; and

6. the lighter coloured parts start at the upper limit of the argic or natric horizon;

and

7. the lighter coloured parts occupy areas = 10 and < 90% in both vertical and
horizontal sections, within the upper 10 cm of the argic or natric horizon; and

8. do not occur within a plough layer.

Relationships with some other diagnostics

Retic properties include the special case of albeluvic glossae. The argic or natric horizon
that exhibit retic properties may also satisfy the requirements of a fragic horizon. A
layer with retic properties may also exhibit stagnic properties with or without reducing
conditions. The layer with the retic properties is overlain by a layer with albic material,
by a cambic horizon or by a plough layer.

Shrink-swell cracks

General description

Shrink-swell cracks open and close due to shrinking and swelling of clay minerals with
changing water content of the soil. They may be evident only when the soil is dry. They
control the infiltration and percolation of water, even if they are filled with material
from the surface.

Diagnostic criteria
Shrink-swell cracks:

1. open and close with changing water content of the soil; and

2. are = 0.5 cm wide, when the soil is dry, with or without infillings of material
from the surface.

Relationships with some other diagnostics

Shrink-swell cracks are referred to in the diagnostic criteria of the protovertic horizon,
the vertic horizon and in the Key to the Reference Soil Groups (where reference is
made to their depth requirements).

Sideralic properties
General description

Sideralic properties (from Greek sideros, iron, and Latin alumen, alum) refer to mineral
soil material that has a relatively low CEC.

Diagnostic criteria
Sideralic properties occur in a subsurface layer and require one or both of the following:

1. a CEC (by 1 M NH,OAc, pH 7) of < 24 cmol, kg! clay; or

2. both of the following:
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a. a CEC (by 1 M NH,OAc, pH 7) of < 4 cmol. kg! soil; and
b. a Munsell colour chroma of = 5, moist.

Relationships with some other diagnostics
Sideralic properties are also present in ferralic horizons and in soil materials that satisfy
the requirements of a ferralic horizon except the texture requirement.

Stagnic properties

General description

Soil materials develop stagnic properties (from Latin stagnare, to stagnate) if they are,
at least temporarily, saturated with surface water (or were saturated in the past, if now
drained) for a period long enough that allows reducing conditions to occur (this may
range from a few days in the tropics to a few weeks in other areas). In some soils with
stagnic properties, the reducing conditions are caused by the intrusion of other liquids
such as gasoline.

Diagnostic criteria
Stagnic properties comprise one of the following:

1. a mottled layer with two or more colours and one or both of the following:

a. mottles and/or concretions and/or nodules, the colour of which is
considered to be oximorphic, that:

i. are, if soil aggregates are present, predominantly inside the aggregates;
and

ii. are black, surrounded by lighter-coloured material, or have, moist, a
Munsell colour hue = 2.5 units redder than the surrounding material
and a Munsell colour chroma = 1 unit higher than the surrounding
material; or

b. parts, the colour of which is considered to be reductimorphic, that:

i. are predominantly around root channels, and if soil aggregates are
present, predominantly at or near the surfaces of the aggregates; and

ii.  have, moist, a Munsell colour value = 1 unit higher than the
surrounding material and a Munsell colour chroma = 1 unit lower
than the surrounding material; or

2. alayer with albic material, the colour of which is considered as being
reductimorphic, above an abrupt textural difference; or

3. a combination of two layers: a layer with a/bic material, the colour of which
is considered as being reductimorphic, and a directly underlying mottled layer
with the colour properties as specified in diagnostic criterion 1.

Additional characteristics
Stagnic properties result from a reduction of iron and/or manganese (hydr-)oxides
around the larger pores. Mobilized Mn and Fe may be washed out laterally resulting
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in albic material (especially in the upper part of the profile that is in many soils coarser
textured) or may migrate into the interiors of the soil aggregates where they are
reoxidized (especially in the lower part of the profile).

If the stagnic properties are weakly expressed, the reductimorphic and oximorphic
colours cover only some parts of the soil volume, and the other parts show the original
colour that prevailed in the soil before the redox processes started. If the stagnic
properties are strongly expressed, the whole volume of the fine earth shows either
reductimorphic or oximorphic colours. In the latter case, the chroma requirements of
criteria 1a and 1b sum up to a difference of two units.

Relationships with some other diagnostics

Stagnic properties differ from gleyic properties. Stagnic properties are caused by
stagnation of an intruding reducing agent (mostly rainwater) leading to an overlying
reduced layer and an underlying layer with oximorphic colours inside the soil
aggregates. (In some soils, only one of these layers is present.) Gleyic properties are
caused by an upmoving reducing agent (mostly groundwater) leading to an underlying
strongly reduced layer and an overlying layer with oximorphic colours near the soil
aggregate surfaces. (In some soils, only one of these layers is present.)

Takyric properties

General description

Takyric properties (from Turkic languages takyr, barren land) are related to a heavy-
textured surface layer comprising a surface crust and a platy or massive structure. It
occurs under arid conditions in periodically flooded soils.

Diagnostic criteria
Takyric properties show:

1 aridic properties; and

2. asurface crust that has all of the following:
a. thickness enough that it does not curl entirely upon drying; and
b. polygonal cracks = 2 cm deep when the soil is dry; and
c. atexture class of clay loam, silty clay loam or clay; and

d. very hard consistence when dry, and plastic or very plastic and sticky or
very sticky consistence when wet; and

e. an electrical conductivity (EC,) of the saturated extract of < 4 dS m™!, or less
than that of the layer directly below the surface crust; and

f. a platy or massive structure.

Field identification

Takyric properties occur in depressions in arid regions, where surface water, rich in
clay and silt but relatively low in soluble salts, accumulates and leaches salts out of
the upper soil horizons. This causes clay dispersion and the formation of a thick,
compact, fine-textured crust with prominent polygonal cracks when dry. The crust
often contains = 80% clay and silt.
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Relationships with some other diagnostics

Takyric properties occur in association with many diagnostic horizons, the most
important ones being the natric, salic, gypsic, calcic and cambic horizons. The low EC
and low soluble-salt content of takyric properties set them apart from the salic horizon.

Vitric properties
General description
Vitric properties (from Latin vitrum, glass) apply to layers with volcanic glass and

other primary minerals derived from volcanic ejecta and which contain a limited
amount of short-range-order minerals or organo-metallic complexes.

Diagnostic criteria
19

Vitric properties'” require:
1. =25% (by grain count) volcanic glass, glassy aggregates and other glass-coated
primary minerals, in the fraction = 0.02 and < 2 mm; and

2. an Al,, + ¥5Fe,, value of = 0.4%; and
3. a phosphate retention of = 25%.

Field identification

Vitric properties can occur in a surface layer. However, they can also occur under
some tens of centimetres of recent pyroclastic deposits. Layers with vitric properties
can have an appreciable amount of organic matter. The sand and coarse silt fractions of
layers with vitric properties have a significant amount of unaltered or partially altered
volcanic glass, glassy aggregates and other glass-coated primary minerals (coarser
fractions may be checked by using a x10 hand-lens; finer fractions may be checked by
using a microscope).

Relationships with some other diagnostics

Vitric properties are, on the one hand, closely linked with andic properties, into which
they may eventually develop. For some time during this development, a layer may
show both the amount of volcanic glasses required for the vitric properties and the
characteristics of andic properties. On the other hand, layers with vitric properties
develop from tephric materials.

Chernic, mollic and umbric horizons may exhibit vitric properties as well.

Yermic properties
General description

Yermic properties (from Spanish yermo, desert) are found in a surface horizon that
usually, but not always, consists of surface accumulations of rock fragments (desert
pavement), embedded in a loamy vesicular layer that may be covered by a thin aeolian
sand or loess layer.

Diagnostic criteria
Yermic properties show:

1. aridic properties; and

19 Adapted after Takahashi, Nanzyo and Shoji (2004) and findings of the COST 622 Action.
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2. one or more of the following:

a. a pavement that is varnished or includes wind-shaped gravel or stones
(ventifacts); or

b. a pavement associated with a vesicular layer; or
c. avesicular layer below a platy surface layer.

Field identification

Yermic properties comprise a pavement and/or a vesicular layer that has a loamy
texture. The vesicular layer shows a polygonal network of desiccation cracks, often
filled with in-blown material, that extend into the underlying layers. The surface layers
have a weak to moderate platy structure.

Relationships with some other diagnostics

Yermic properties often occur in association with other diagnostics characteristic for
desert environments (salic, gypsic, duric, calcic and cambic horizons). In very cold
deserts (e.g. Antarctica), they may occur associated with cryic horizons. Under these
conditions, coarse cryoclastic material dominates and there is little dust to be deflated
and deposited by wind. Here, a dense pavement with varnish, ventifacts, aeolian
sand layers and soluble mineral accumulations may occur directly on loose deposits,
without a vesicular layer.
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DIAGNOSTIC MATERIALS

Albic material

General description

Albic material (from Latin albus, white) is predominantly light-coloured fine earth,
from which organic matter and/or free iron oxides have been removed, or in which the
oxides have been segregated to the extent that the colour of the horizon is determined
by the colour of the sand and silt particles rather than by coatings on these particles.
It generally has a weakly expressed soil structure or lacks structural development
altogether.

Diagnostic criteria
Albic material is fine earth that:

1. has in = 90% of its volume a Munsell colour, dry, with:
a. avalue of 7 or 8 and a chroma of < 3; or
b. avalue of 5 or 6 and a chroma of = 2; and

2. has in = 90% of its volume a Munsell colour, moist, with:
a. avalue of 6,7 or 8 and a chroma of < 4; or
b. avalue of 5 and a chroma of =< 3; or
c. avalue of 4 and a chroma of < 2; or

d. avalue of 4 and a chroma of 3 if the colour is derived from parent material
that has a hue of 5YR or redder, and the chroma is due to the colour of
uncoated silt or sand grains.

Field identification

Identification in the field depends on soil colours. In addition, a x10 hand lens may
be used to ascertain that sand and silt grains are free of coatings. Albic material may
exhibit a considerable shift in chroma when wetted. Such soils occur for example in
southern Africa.

Additional characteristics

The presence of coatings around sand and silt grains can be determined using an optical
microscope for analysing thin sections. Uncoated grains usually show a very thin rim
at their surface. Coatings may be of an organic nature, consist of iron oxides, or both,
and are dark coloured under translucent light. Iron coatings become reddish in colour
under reflected light, while organic coatings remain brownish-black.

Relationships with some other diagnostics

Layers with albic material are normally overlain by humus-enriched surface layers but
may also be at the surface as a result of erosion or artificial removal of the surface layer.
Albic materials represent a strong expression of eluviation and are therefore generally
associated with an eluvial horizon. As such, they usually overlie an illuvial horizon such
as an argic, natric or spodic horizon. In sandy materials, layers with albic material can
reach considerable thickness, up to several metres, especially in humid tropical regions,
and associated diagnostic horizons may be hard to establish. Albic material may also be
the result of reduction processes. It may also occur above a plinthic horizon.
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Artefacts
Diagnostic criteria
Artefacts (from Latin ars, art, and factus, made) are solid or liquid substances that are:

1. one or both of the following:

a. created or substantially modified by humans as part of an industrial or
artisanal manufacturing process; or

b. brought to the surface by human activity from a depth, where they were
not influenced by surface processes, and deposited in an environment,
where they do not commonly occur, with properties substantially different
from the environment where they are placed; and

2. have substantially the same chemical and mineralogical properties as when first
manufactured, modified or excavated.

Additional characteristics

Examples of artefacts are bricks, pottery, glass, crushed or dressed stone, wooden
boards, industrial waste, garbage, processed oil products, bitumen, mine spoil and
crude oil.

Relationships with some other diagnostics

Technic hard material and geomembranes, intact, fractured or composed, also fulfil the
diagnostic criteria of artefacts.

Calcaric material
General description

Calcaric material (from Latin calcarius, containing lime) refers to material that contains
= 2% calcium carbonate equivalent. The carbonates are inherited from the parent
material.

Diagnostic criteria

Calcaric material effervesces strongly with 1 M HCl in most of those parts of the fine
earth that

1. do not disrupt the soil structure or fabric; and

2. do not belong to masses, nodules, concretions or spheroidal aggregates (white
eyes) that are soft and powdery when dry; and

3. do not belong to soft coatings of structural faces or pore surfaces; and
4. do not form permanent filaments (pseudomycelia).

Relationships with some other diagnostics

Calcic and petrocalcic horizons have at least some contribution of secondary
carbonates. Protocalcic properties refer to lesser accumulations of secondary
carbonates. A layer may consist of calcaric material and, in addition, show protocalcic
properties.
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Colluvic material

General description

Colluvic material (from Latin colluvio, mixture) is a heterogeneous mixture of material
that, by gravitational action, has moved down a slope. It has been transported as a result
of erosional wash or soil creep, and the transport may have been accelerated by land-
use practices (e.g. deforestation, ploughing, downhill tillage, structure degradation). It
has been formed in relatively recent times (mostly Holocene). It normally accumulates
in slope positions, in depressions or above a barrier on a low-grade slope (natural or
human-made, e.g. hedge walls).

Diagnostic criteria
Colluvic material:

1. is found on slopes, footslopes, fans or similar relief positions; and
2. shows evidence of downslope movement; and
3. is not of fluviatile, lacustrine or marine origin; and

4. if it buries a mineral soil, it has a lower bulk density than the buried soil
material.

Field identification

Colluvic material can be of any size grade from clay to sand. Some coarse fragments
may be included. Colluvic material is generally imperfectly sorted. It may show some
gross stratification but stratification is not a typical feature due to the diffuse or chaotic
nature of the deposition process. Colluvic material tends to occupy gently sloping to
moderately steep sloping (2-30%) areas (footslopes, concave slope positions). Charcoal
or small arzefacts such as pieces of bricks, ceramics and glass may be present in colluvic
material. In many cases, colluvic material has a lithic discontinuity at its base.

The upper part of the colluvic material shows characteristics (fine earth texture,
colour, pH and soil organic carbon content) similar to the surface layer of the source
in the neighbourhood. In extreme cases, the profile in the colluvic material mirrors
the eroded soil profile of upward slope positions, with topsoil material buried under
former subsoil material. Good indication of colluviation in a landscape is varying
colour of the soil surface between convex and concave positions.

Rapid mass movements such as in landslides, slumps, treethrows are not generally
included as processes forming colluvic material.

Dolomitic material

Diagnostic criteria

Dolomitic material (named after the French geoscientist Déodar de Dolomien)
effervesces strongly with heated 1 M HCI in most of the fine earth fraction. It applies
to material that contains = 2% of a mineral that has a ratio CaCO5/MgCO; < 1.5. With
non-heated HCl it gives only a retarded and weak effervescence.



Chapter 3 - Diagnostic horizons, properties and materials

79

Fluvic material
General description

Fluvic material (from Latin fluvius, river) refers to fluviatile, marine and lacustrine
sediments that receive fresh material or have received it in the past and still show
stratification.

Diagnostic criteria
Fluvic material

1. is of fluviatile, marine or lacustrine origin; and
2. has one or both of the following:

a. obvious stratification (including stratification tilted by cryoturbation) in
= 25% of the soil volume over a specified depth (including strata thicker
than the specified depth); or

b. stratification evidenced by a layer with all of the following:
i.  has=0.2% soil organic carbon; and

ii.  has a content of soil organic carbon = 25% (relative) and = 0.2%
(absolute) higher than in the overlying layer; and

iii.  does not form part of a spodic or sombric horizon.

Field identification
Stratification may be reflected in different ways:

* variation in texture and/or content or nature of coarse fragments, or
« different colours related to the source materials, or

« alternating lighter and darker coloured soil layers, indicating an irregular
decrease in soil organic carbon content with depth.

Additional characteristics

Fluvic material is always associated with water bodies (e.g. rivers, lakes, the sea) and
can therefore be distinguished from colluvial material.

Gypsiric material
Diagnostic criteria

Gypsiric material (from Greek gypsos, gypsum) is mineral material that contains = 5%
gypsum (by volume) in those parts of the fine earth that do not contain secondary

gypsum.

Relationships with some other diagnostics

Gypsic and petrogypsic horizons have secondary gypsum, at least to some extent.
A layer may consist of gypsiric material and, in addition, contain some secondary

gypsum.



80

World reference base for soil resources 2014

Hypersulfidic material

General description

Hypersulfidic material is capable of severe acidification as a result of the oxidation of
inorganic sulfidic compounds contamed within it. It has a positive net acidity using
acid-base accounting approaches®®. Hypersulfidic material is conceptually the same as
defined in WRB 2006 as sulfidic material is also known as ‘potential acid sulfate soil’.

Diagnostic criteria
Hypersulfidic material has:

1. 2 0.01% inorganic sulfidic S (dry mass); and

2. apH = 4 that undergoes a drop in pH < 4 (1:1 by mass in water, or in a
minimum of water to permit measurement) when a 2-10 mm thick layer is
incubated aerobically at field capacity until:

a. the pH drop is = 0.5 pH units; or

b. after = 8 weeks, decrease in pH is < 0.1 pH units over a period of = 14 days;
or

c. after = 8 weeks, the pH begins to increase.

Field identification

Hypersulfidic material is seasonally or permanently waterlogged or forms under
largely anaerobic conditions. It has a Munsell colour hue of N, 5Y, 5GY, 5BG, or 5G;
a value of 2, 3 or 4; and a chroma of 1, all moist. If the soil is disturbed, an odour of
hydrogen sulfide (rotten eggs) may be noticed. This is accentuated by application of
1 M HCL

For a quick screening test that is not definitive, a 10 g sample treated with 50 ml of 30%
H,O, will show a fall in pH to =< 2.5. Final assessment depends on incubation testing.

Caution: H,O; is a strong oxidant and sulfides and organic matter will froth
violently in a test tube that may become very hot.

Relationships with some other diagnostics
Hypersulfidic material is a special case of su/fidic material. Acidification of hypersulfidic
material usually causes the development of a thionic horizon.

Hyposulfidic material

General description

Hyposulfidic material is sulfidic material that is not capable of severe acidification
resulting from the oxidation of inorganic sulfidic compounds contained within it.
Although oxidation does not lead to the formation of acid sulfate s