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Workflow of soil classification

Step 0: Revision of data
recorded in the soil
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diagnostic horizons, 

properties and materials
(diagnostic units)

Step 2: Determination of 
the Reference Soil Group 

(RSB) by using a 
classification key

Step 3: Addition of 
principal and 

supplementary qualifiers



1. Diagnostic horizons, properties and materials
(diagnostic units)
Diagnostic horizons
Defined soil layers with specific characteristics, thickness 
and depth requirements. They usually reflect pedogenic
development or long-term human influence.

Diagnostic properties
Defined soil features or conditions with classificatory value. 
They may affect part of the profile without forming a 
separate horizon.

Diagnostic materials
Defined soil materials or bodies with characteristic 
composition or origin. They describe what the soil is made 
of.

Their role in WRB
They turn field observations into classification evidence. 
Together, they are used to identify the Reference Soil Group 
and to assign qualifiers.

Example diagnostic horizons
• Argic horizon – subsurface horizon with clay accumulation
• Plinthic horizon – iron-rich horizon that may harden on repeated wetting 

and drying
• Ferralic horizon – strongly weathered horizon rich in iron and aluminium 

oxides

Example diagnostic properties
• Stagnic properties – signs of temporary water stagnation, usually with 

pale/grey and rusty redox patterns
• Gleyic properties – signs of long-lasting saturation and reduction, 

typically grey, bluish or greenish colours
• Reducing conditions – oxygen-poor wet conditions that cause chemical 

reduction in the soil

Example diagnostic materials
• Mineral material – soil material dominated by mineral particles, not by 

organic matter
• Artefacts – recognisable human-made fragments or materials such as 

brick, concrete, glass or metal
• Organotechnic material – organic material strongly mixed with 

technic/man-made material



Argic horizon GATEWAY QUESTION 1:Is 
there a clay-enriched 
subsurface horizon at least 15 
cm thick, with a clear increase 
in clay content compared with 
the overlying horizon?

GATEWAY QUESTION 2: Are 
clay coatings (shiny clay films) 
visible on ped faces or in 
pores in a subsurface horizon 
at least 15 cm thick?

QUESTION 1: Are prismatic 
(vertically elongated) 
structural elements present in 
the clay-enriched horizon?

Possible Argic
horizon
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2. Reference Soil Groups (RSGs) 

Reference Soil Groups are the main soil groups in the World Reference Base for Soil Resources.
• They are the highest level of WRB soil classification. 
• Each RSG represents a characteristic kind of soil, defined by a specific combination of diagnostic 

horizons, properties, and materials. 
• In WRB, the profile is assigned to the first RSG that fits in the key. 
• After the RSG is identified, the name is made more precise by adding qualifiers. 

Examples of RSGs
• Histosols – soils dominated by organic material 
• Technosols – soils strongly influenced by human-made material 
• Nitisols – clay-rich, well-structured soils with a nitic horizon 
• Fluvisols – soils with young river-deposited material 
• Arenosols – soils that are sandy through most of the profile 

Their role
• RSGs provide the main identity of the soil. 
• They group soils according to their dominant pedological characteristics. 
• They are the starting point for the full WRB name.



Reference Soil Groups (RSGs) 
RSG most probably PRESENT in Liberia due to the geographical, geological and climatological setting

RSG MOST PROBABLY PRESENT due to local conditions

RSG most probably NOT PRESENT in Liberia due to the geographical, geological and climatological setting



Reference Soil Groups (RSGs)



Reference Soil Groups (RSGs)
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3. Principal and supplementary qualifiers
After the Reference Soil Group is identified, qualifiers are used to make 
the soil name more precise.
Principal qualifiers

• express the most important subordinate characteristics of 
the soil 

• are placed before the Reference Soil Group name 
• are selected according to the WRB priority order
• help define the main variant of the RSG 

Supplementary qualifiers
• add further detail about the soil 
• are placed after the Reference Soil Group name 
• describe additional horizons, properties, materials, depth 

relations, texture, chemistry, or human influence 
• do not replace the main identity of the soil, but refine it 

Their role
• RSG = the main soil group 
• principal qualifiers = the most important modifiers of that 

group 
• supplementary qualifiers = additional descriptors 

Principal qualifiers say what kind of RSG it mainly is; supplementary 
qualifiers say what else is important about it.

Reference Soil Group Qualifiers



WRB Reference Soil Groups most 
likely to occur in Liberia



Histosol = soil dominated by thick 
organic material near the surface. 

In this key, Histosol is likely when 
organic material begins within 40 
cm of the surface and is at least 40 
cm thick, or when a surface 
organic layer overlies continuous 
rock or technic hard material.



Undecomposed or partially
decomposed biomass in 

wet environment
(Histic horizon)

Undecomposed or partially
decomposed biomass in 

well aerated environment
(Folic horizon)





Anthrosols are soils that have been 
strongly modified by long-term human 
activity.
In WRB, they include soils with one or 
more of the following:

• a hortic, irragric, plaggic, or terric
horizon that is at least 50 cm thick; or 

• an anthraquic horizon together with 
an underlying hydragric horizon, with 
a combined thickness of at least 50 
cm; or 

• pretic horizon layers with a combined 
thickness of at least 50 cm within 100 
cm of the mineral soil surface.



Anthraquic
horizon

Plough pan

Puddled layer
Pretic horizon



Technosol = soil strongly influenced by human-made 
material or construction.
• the upper 100 cm contains many artefacts such as brick, 

concrete, metal, plastic, glass, ash, or rubble 
• or a layer starts within 50 cm, is at least 10 cm thick, and 

is made mostly of artefacts
• or technic hard material or a constructed barrier occurs 

within 100 cm
But artefacts alone are not enough.
• if the same layer already qualifies as a stronger 

diagnostic horizon, that other feature has priority 
• a very shallow limiting layer can also prevent 

classification as Technosol, unless that layer itself is 
made of artefacts



Technic hard
material

Artefacts

Technic hard material
+ artefacts





Leptosols Leptosol = very shallow or 
extremely stony soil.

• rock starts within 25 cm of 
the surface 

• or the soil has very little 
fine earth because it is 
dominated by coarse 
fragments 

• and no stronger competing 
horizon such as duric, 
petrocalcic, petroduric, 
petrogypsic, pisoplinthic, 
or spodic is present

> 80 % coarse
rock fragments Continuous rock





Solonetz = soil with a natric horizon 
near the surface.

• more clay than the layer above 
• high exchangeable sodium 
• dense and hard 
• slow water movement when wet 
• often prismatic or columnar 
• Solonetz if it starts within 100 cm of 

the mineral soil surface



Natric horizon

Subsurface organic matter content

increase

Subsurface organic matter content

increase

Natric horizon

Natric horizon



Vertisol = heavy clay soil that swells 
when wet and cracks when dry.

• a vertic horizon starts within 100 
cm

• the soil above it is clay-rich 
throughout

• shrink–swell cracks start from 
the surface zone and continue 
down to the vertic horizon



Shrink-swell
cracks

Wedge-shaped
aggregates

Shrink-swell cracksSlickensides

Shrink-swell
cracks





Solonchaks

Solonchak = salt-affected soil with a 
salt-rich layer near the surface.

• a salic horizon starts within 50 cm
• this means a layer with a strong 

accumulation of soluble salts
• there is no thionic horizon within 50 

cm
• the soil is not permanently under 

water and not below the tidal water 
line



Surface salt

accumulation

Surface salt
accumulation

Surface and subsurface
salt accumulation Halophyte vegetation

Surface salt
accumulation





Gleysol = wet soil affected by 
groundwater near the surface.

• the soil shows gleyic properties, 
meaning mainly grey, bluish, or 
greenish colours caused by long 
wetness and reduction 

• it also shows reducing conditions, 
meaning the soil is oxygen-poor for 
long periods

• in WRB, think Gleysol when a wet, 
gleyic layer begins within 40 cm and 
is thick enough, or when the soil is 
permanently saturated near the 
surface



Gleyic properties

Reducing
conditions

Gleyic properties



Plinthosol = soil with an iron-rich 
plinthic horizon near the surface.

• a plinthic horizon is an iron-rich 
layer that may harden 

• a pisoplinthic horizon contains 
many rounded hard iron nodules 

• a petroplinthic horizon is a hard, 
cemented ironstone layer 

• in WRB, think Plinthosol when one 
of these starts within 100 cm of 
the mineral soil surface



Petroplinthic horizon

Plinthic horizon

Ferric horizon

Pisoplinthic horizon





Planosol = soil with a sudden change to 
a denser, more clayey subsoil that 
causes water stagnation.

• an abrupt textural difference occurs 
within 75 cm

• this means the soil suddenly changes 
to a much more clay-rich, denser layer

• around this boundary, the soil shows 
stagnic properties: many pale/grey
and rusty redox features together 



Abrupt increase
of clay content



Stagnosol = soil with stagnant water 
near the surface.

• water stays in the upper soil for part of 
the year 

• the soil shows stagnic properties: 
many pale/grey and rusty wetness 
features together 

• it also shows reducing conditions in 
that upper zone 

• in WRB, think Stagnosol when these 
wetness features occur within the 
upper 60 cm



Stagnic properties

Stagnic properties



Nitisols
Nitisol = deep, clay-rich, well-
structured soil with a nitic horizon near 
the surface.

• a nitic horizon starts within 100 cm
• a nitic horizon is a clay-rich subsoil 

with strong structure and many shiny 
ped faces

• the soil from the surface down to that 
horizon is already fairly clayey

• there is no vertic horizon above it or 
at its top





Ferralsol = very strongly weathered 
soil with a ferralic horizon near the 
surface.

• a ferralic horizon starts within 150 
cm

• usually there is no argic horizon 
above it

• if an argic horizon is present above 
it, Ferralsol is still possible only if the 
upper part of that argic horizon still 
shows ferralsol-like properties





Umbrisol = soil with a dark, humus-
rich surface horizon.

• an umbric horizon = dark, humus-
rich, usually more acidic topsoil 

• a hortic horizon = dark cultivated 
topsoil enriched by long-term 
management 



Dark surface – low base
(Umbric horizon)

Umbrisols



Acrisol = strongly leached, acidic soil with a clay-
enriched subsoil.

• an argic horizon starts within 100 cm
• this means the subsoil has more clay than the 

layer above
• the clay has low nutrient-holding capacity
• in much of the subsoil, acidic aluminium is more 

abundant than the main nutrient base cations 
(Ca, Mg, K, Na)

Lixisol = soil with a clay-enriched subsoil near the 
surface.
• an argic horizon starts within 100 cm
• this means the subsoil has more clay than the 

layer above
• in part of that argic horizon, the clay has low 

activity (low CEC)



Gradual
increase of 

clay content

Clay skins





Cambisol = soil with a clearly developed 
subsoil, but without the stronger specialized 
features of many other WRB groups.

• most commonly, it has a cambic horizon near 
the surface 

• this means the subsoil is visibly altered or 
developed compared with the parent 
material 

• WRB also places some soils here when they 
have certain other horizons or properties, 
such as anthraquic, hydragric, irragric, 
plaggic, pretic, terric, fragic, thionic, vertic, 
tsitelic, or enough andic/vitric material





Fluvisol = soil with young river-
deposited material near the surface.

• the soil contains fluvic material, 
meaning young alluvial sediment 
laid down by water

• this material usually starts close to 
the surface and is thick enough to 
dominate the upper profile

• if the surface has been ploughed, 
the fluvic material may begin just 
below the plough layer and still 
qualify



Stratification due to

marine/lacustrine/

fluviatile deposition





Arenosols

Arenosol = soil that is sandy through 
most of the upper 100 cm.

• the upper profile is mainly sand or 
loamy sand

• any finer-textured layers are only 
thin

• any layers very rich in coarse 
fragments are also only thin



Soil with loamy
sand texture

Effect of aeolian
deposition (buried

horizons)
Effect of aeolian

deposition (layering)





Regosol = weakly developed soil 
that does not meet the criteria of 
any earlier WRB group in the key. It 
is the fallback group when no 
stronger diagnostic horizon, 
property, or material places the soil 
elsewhere.



Soil classification in the
Soils4Liberia Soil Porfile 
Description ODK form



Step 0: Soil profile
description in the ODK 

form

Step 1: definition of 
diagnostic units and their

depth attributes based
on a questionairre

Step 2: Determination of 
the Reference Soil Group 

(RSB) by using a 
classification key

Step 3: Addition of 
principal and 

supplementary qualifiers

Important note: The workflow in the ODK form was indended to
support the fieldwork, therefore it is a significant simplification
of the WRB workflow. For detailed definitions, criteria and 
complete classification you should consult the WRB guideline.


