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Summary

This contribution aims to provide insight in the classification of soils in the tropics in the three most commonly used classification systems; USDA – Soil Taxonomy, the Legend of the FAO Soil map of the world, and World Reference Base for Soil Resources (WRB).  The historical evolution of the three systems are highlighted to explain parallels and differences in the classification approach, with particular attention to soils in the tropics.  An attempt is finally made to correlate Soil Taxonomy with FAO-WRB.
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Samenvatting

Deze bijdrage beoogt inzicht te geven in de classificatie van bodems in de tropen in de drie meest gebruikelijke bodemclassificatiesystemen; USDA-Soil Taxonomy, de Legende van de FAO-Wereldbodemkaart, en de ‘World Reference Base for Soil Resources (WRB)’.  De historische evolutie van de drie systemen wordt toegelicht om gelijkenissen en verschillen te verklaren, met speciale aandacht voor bodems in de tropen.  Tot slot wordt er gepoogd een correlatie te maken tussen Soil Taxonomy en FAO-WRB.

Sleutelwoorden: WRB - tropen - bodemclassificatie - Soil Taxonomy - WRB
Résumé

Cette contribution a pour but de comprendre la classification des sols sous les tropiques dans les trois systèmes de classification des sols les plus d’usage; USDA-Soil Taxonomy, la Légende de la mappe-monde du sol de FAO et ‘World Reference Base for Soil Resources (WRB)’.  L’évolution historique de ces trois systèmes est expliquée afin d’éclaircir les ressemblances et les différences, particulièrement concentré sur les sols sous les tropiques.  Finalement on essaie d’établir une corrélation entre Soil Taxonomy et FAO-WRB.

Mots-clés: WRB - tropiques - classification du sol - Soil Taxonomy - WRB

1. Introduction

Soil is a 3-dimensional body with properties that reflect the impact of (1) climate, (2) vegetation, fauna, man and (3) relief on the soil's (4) parent material over a variable (5) time span. The nature and relative importance of each of these five 'soil forming factors' vary in time and in space. With few exceptions, soils are still in a process of change; their 'soil profile' shows signs of differen​tia​tion or altera​tion of the soil material incurred in a process of soil formation or 'pedogenesis' (FAO et al., 2001).

The many soil classification schemes developed over the years reflect different views held on concepts of soil formation and mirror differences of opinion about the criteria to be used for classification. In the 1950's, international communications intensified while the number of soil surveys increased sharply both in temperate regions and in the tropics. The experience gained in those years and the exchange of data between scientists rekindled interest in (the dynamics of) the world's soil cover. Classification systems were developed, which aimed at embracing the full spectrum of the soil continuum. In addition, emphasis shifted away from the genetic approach, which often contained an element of conjecture, to the use of soil properties as differentiating criteria. By and large, consensus evolved as to the major soil bodies, which needed to be distinguished in broad level soil classification although differences in definitions and terminology remained.

In 1998, the International Union of Soil Sciences (IUSS) adopted the World Reference Base for Soil Resources (WRB) as the Union’s system for soil correlation. The structure, concepts and definitions of the WRB are strongly influenced by the legend of the FAO-Unesco 1/5,000,000 Soil Map of the World (FAO, 1974, FAO-Unesco-ISRIC, 1988; 1990), which in turn borrowed the diagnostic horizons and properties approach from USDA Soil Taxonomy (Soil Survey Staff, 1999). At the time of its inception, the WRB proposed 30 ‘Soil Reference Groups’ accommodating more than 200 (‘second level’) Soil Units. 

The purpose of this paper is to reflect on differences and highlight a parallels between WRB and Soil Taxonomy in their present state-of-the-art with special emphasis on soils in the tropics.

2. Historical perspective

Soil Taxonomy (Soil Survey Staff, 1999) 

A first major milestone for Soil Taxonomy in the tropics was the 5th ISSS World Soil Congress at Leopoldville, in 1954, where the 3rd approximation was launched. That same year European scientists had their input in Soil Taxonomy at Ghent, hosted by the late Prof. R. Tavernier, and the 4th Approximation took shape. Two years later in 1956 the 5th Approximation was presented at the 6th ISSS Congress at Paris. In 1957 the 6th Approximation was elaborated upon at Ghent (Belgium) with strong involvement of Belgian soil scientists. Among other scientists R. Tavernier and V. Leemans contributed considerably to the linguistic aspects of Soil Taxonomy. At the 7th ISSS World Soil Congress at Madison, in 1960, a finalised fully fledged and tested ‘Soil Taxonomy’ was launched as the so-called ‘Seventh Approximation’. Since then Soil Taxonomy was further tested and elaborated upon through the action of a number of international committees (ICOM’s). The following ICOM’s were dealing with soils of the Tropics: Low activity clays (ICOMLAC), (supervision Frank Moorman); Oxisols (ICOMOX), (Stan Buol); Vertisols (ICOMERT), (Juan Gomerma); Aridisols (ICOMID), (Ahmed Osman), Andisols (ICOMAND) (Mike Leamy); Aguic Moisture Regimes (ICOMOD), (supervision Johan Bouma). Based on the recommendations of the ICOM’s Soil Taxonomy was subject to regular revisions which were published as the well-known ‘Keyes to Soil Taxonomy’ by the Soil Survey Staff (Soil Survey Staff, 1999).

A major challenge for Soil Taxonomy in the tropics was to come to grips with all the work Belgian soil scientists were doing in Central Africa (D’Hoore, J.L., 1965; Sys, C., 1960; Van Wambeke et al., 1956 and D’Hoore, J.L., 2002).  The Belgian team working under INEAC developed their own legend for the soil maps, the insights of which were at the base of diagnostic horizon adopted in Soil Taxonomy and in WRB to accommodate soils of the tropics. For example, the Ferrisols  were taken up on Kandiudults in Soil Taxonomy and as Nitisols in WRB.

World Reference Base (FAO et al, 1998)

World Reference Base is the successor of the International Reference Base for Soil Classification (IRB), an initiative of FAO, supported by the United Nations Environment Programme (UNEP) and the International Society of Soil Science (ISSS), dating back to 1980.The intention of the IRB project was to work towards the establishment of a framework through which existing soil classification systems could be correlated and through which ongoing soil classification work could be harmonized (Dudal, 1996). An important consultation on IRB was convened at Montpellier, France, in 1992, in order to take stock of the current status of the IRB in the light of the discussions held at the 14 th ISSS Congress of Kyoto (1990) (FAO et al., 1994). The wise decision was taken that the IRB should adopt FAO’s Revised Legend for its future activities. It would be IRB’s task to apply its principles of definitions and soil relationships to the existing FAO units, providing greater depth and background. The merger of the two efforts was launched under the name: ‘World Reference for Soil Resources’, undertaken by ISSS, FAO and ISRIC.

A draft document of the WRB soil correlation system was published at the 15th World Congress of Soil Science at Acapulco, Mexico in 1994 (FAO et al., 1994). In 1998, the finalised WRB soil correlation system was presented at the 16 th ISSS Congress as the World Soil Resources Report Nr 84 (FAO et al, 1998). WRB was adopted by the congress as its system for international soil correlation. Presently WRB has been translated is used in 10 languages. At the 17th World Congress of Soil Science, a new publication ‘The Major Soils of the World (FAO et al, 2001), was presented along with the CDROM on WRB (FAO et al, 2002). Both publications are targeted for students in soil science and provide background information on the 30 Reference Groups of WRB over the World.

3. Definition of the ‘Tropics’

WRB and USDA Soil Taxonomy follow different definition of the ‘Tropics’. One of the principles of WRB is to avoid the use of climatic criteria in soil classification, so strictly speaking there are no tropics or other climatic zones recognized in WRB. However it is suggested by WRB to use the principles of the FAO agro-ecological zones project (FAO, 1979) for climatic zonification. According to this method the tropics are those areas where mean temperatures adjusted at sea level of all months ae more than 18° C.

Soil Taxonomy classifies soil climates, that is temperature and soil moisture at a depth of 50 cm. In Soil Taxonomy soil temperatures are considered as tropical when the difference between mean summer and winter temperatures at 50 cm depth is less than 5º C, the so-called ISO thermal regimes. As for most places on earth soil temperatures are not available, the isolines of 7º C difference between mean summer and mean winter air temperatures are taken to calculate the tropics. 

Map 1 compares the extent of the tropics according to FAO and Soil Taxonomy. It can be concluded that Soil Taxonomy is more stringent in its definition of the tropics, resulting in a much larger area considered as tropical in FAO terms especially in Africa, Asia and in Australia. The correlation between both systems is fairly good in Central and South America.

Map 1. Characterization of the tropical environment according to isotemperatures or mean monthly temperatures

4. Diagnostics used in WRB and Soil Taxonomy

The taxonomic units of the WRB and Soil Taxonomy are defined in terms of measurable and observable 'diagnostic horizons', the basic identifiers in soil classifica​tion. Diagnostic horizons are defined by (combinations of) characteristic ‘soil properties’ and/or ‘soil materials’. 

Soil characteristics are single parameters which are observable or measurable in the field, laboratory, or can be analysed by using microscope techniques. They include characteristics such as colour, texture and structure of the soil, features of biological activity, arrangement of voids and pedogenetic concentrations (mottles, cutans, nodules, …) as well as analytical determinations (soil reaction, particle-size distribution, cation exchange capacity, exchangeable cations, amount and nature of soluble salts, …). 

Soil properties are combinations (‘assemblages’) of soil characteristics which are known to occur in soils which are considered to be indicative of present or past soil-forming processes (e.g. vertic properties are a combination of heavy texture, smectitic clay mineralogy, gilgai, slikensides, hard cinsistency when dry, sticky consistence when wet, shrinking when dry and swelling when wet). 

Soil horizons are three-dimensional pedological bodies which are more or less parallel to the earth’s surface. Each horizon is characterized by one or more properties, occurring over a certain depth, with a certain degree of expression. 

Reference Groups are defined by a vertical combination of horizons within a defined depth, or by the lack of them. 

For the sake of example, diagnostic horizons, properties and materials and a selection of qualifiers that are used to differentiate between Reference Soil Groups in WRB are summarized in Tables 1, 2, 3 and 4. 

Table 1. A sample of diagnostic horizons in WRB

Surface horizons

anthropogenic horizons
surface and subsurface horizons resulting from long-continued ‘anthropedogenic processes’, notably deep working, intensive fertilisation, addition of earthy materials, irrigation or wet cultivation.

histic horizon

(peaty) surface horizon, or subsurface horizon occurring at shallow depth, consisting of organic soil material.

umbric horizon

well-structured, dark surface horizon with low base saturation and moderate to high organic matter content.

yermic horizon

surface horizon of rock fragments (‘desert pavement’) usually, but not always, embedded in a vesicular crust and covered by a thin aeolian sand or loess layer.

Subsurface horizons

cryic horizon

perennially frozen horizon in mineral or organic soil materials.

duric horizon

subsurface horizon with weakly cemented to indurated nodules cemented by silica (SiO2) known as ‘durinodes’.

fragic horizon

dense, non-cemented subsurface horizon that can only be penetrated by roots and water along natural cracks and streaks.

vertic horizon

subsurface horizon rich in expanding clays and having polished and grooved ped surfaces (‘slickensides’), or wedge-shaped or parallelepiped  structural aggregates formed upon repeated swelling and shrinking.

Table 2. Descriptive summary of sample diagnostic properties in WRB

albeluvic tonguing
iron-depleted material penetrating into an argic horizon along ped surfaces.

alic properties

very acid soil material with a high level of exchangeable aluminium.

permafrost


indicates that the soil temperature is perennially at or below 0 oC for at least two consecutive years.

stagnic  properties
visible evidence of prolonged waterlogging by a perched water table.

Table 3. Descriptive summary of sample diagnostic materials in WRB

anthropogenic soil material
unconsolidated mineral or organic material produced largely by human activities and not significantly altered by pedogenetic processes.

organic soil material
organic debris, which accumulates at the surface and in which the mineral component does not significantly influence soil properties.

sulfidic soil material
waterlogged deposit containing sulphur, mostly sulphides, and not more than moderate amounts of calcium carbonate.

tephric soil material
unconsolidated, non or only slightly weathered products of volcanic eruptions, with or without admixtures of material from other sources.

Table 4. Sample of WRB qualifiers and their definitions

Examples of unique qualifier definitions:

Carbi-
having a cemented spodic horizon which does not contain enough amorphous iron to turn redder on ignition (in Podzols only).



Carbonati-
having a soil solution with pH > 8.5 (1:1 in water) and HCO3 > SO4 >> Cl (in Solonchaks only).




Chloridi-
having a soil solution (1:1 in water) with Cl >> SO4 > HCO3 (in Solonchaks only).




Cryi-
having a cryic horizon within 100 cm of the soil surface.

Note that the generalised descriptions of diagnostic horizons, properties and soil materials given in Tables 2, 3 and 4 are solely meant as an introduction to WRB terminology. For exact concepts and full definitions reference is made to FAO Soil Resources Reports Nr. 84 (FAO/ISRIC/ISSS, 1998).

Key to the Reference Groups (WRB) and to the Orders (Soil Taxonomy)

As shown in Tables 5 and 6, both WRB and Soil Taxonomy classification systems are making use of a key to classify the soils of the universum. WRB comprises 30 Reference Soil Units whereas in Soil Taxonomy the key counts 12 Soil Orders. In WRB the idea is to reflect the Major Soils of the World at the highest level in the Reference Groups, whereas the 12 Soil Orders of Soil Taxonomy represent the major soil regions of the USA.

Table 5. Simplified key to the WRB Reference Groups

1
Organic matter

> 40 cm deep
yes

(
HISTOSOLS
11
Plinthite or petroplinthite

within 50 cm
yes

(
PLINTHOSOLS
21
Argic horizon and albeluvic tonguing
yes

(
ALBELUVISOLS


( no



( no



( no



2
Cyric horizon
yes

(
CRYOSOLS
12
Ferralic horizon
yes

(
FERRALSOLS
22
Argic horizon with 

CECc > 24, Alsat > 60%
yes

(
ALISOLS


( no



( no



( no



3
Human modifications
yes

(
ANTHROSOLS
13
Natric horizon
yes

(
SOLONETZ
23
Argic and nitic horizons
yes

(
NITISOLS


( no



( no



( no



4
Depth < 25 cm
yes

(
LEPTOSOLS
14
Abrupt textural change
yes

(
PLANOSOLS
24
Argic horizon with 

CECc < 24, BS < 50%
yes

(
ACRISOLS


( no



( no



( no



5
> 35% clay
vertic horizon
yes

(
VERTISOLS
15
Chernic or blackish

mollic horizon
yes

(
CHERNOZEMS
25
Argic horizon with 

CECc > 24, BS > 50%
yes

(
LUVISOLS


( no



( no



( no



6
Fluvic materials
yes

(
FLUVISOLS
16
Brownish mollic horizon

and secondary CaCO3
yes

(
KASTANOZEMS
26
Argic horizon with 

CECc < 24, BS > 50%
yes

(
LIXISOLS


( no



( no



( no



7
Salic horizon
yes

(
SOLONCHAKS
17
Mollic horizon
yes

(
PHAEOZEMS
27
Umbric horizon
yes

(
UMBRISOLS


( no



( no



( no



8
Gleyic properties
yes

(
GLEYSOLS
18
Gypsic or petrogypsic

horizon
yes

(
GYPSISOLS
28
Cambic horizon
yes

(
CAMBISOLS


( no



( no



( no



9
Andic or vitric horizon
yes

(
ANDOSOLS
19
Duric or petroduric horizon
yes

(
DURISOLS
29
Coarse texture > 100 cm
yes

(
ARENOSOLS


( no



( no



( no



10
Spodic horizon
yes

(
PODZOLS
20
Calcic or petrocalcic

horizon
yes

(
CALCISOLS
30
Other soils
(
REGOSOLS


( no



( no







Table 6. USDA Soil Taxonomy – Key to the Soil Orders

1. Gelisols:
Frost within 1 m

2. Histosols:
Organic soils

3. Spodosols:
Spodic horizon

4. Andisols:
Volcanic materials

5. Oxisols:
Extreme weatering: oxic horizon

6. Vertisols:
Swell-shrinck

7. Aridisols:
Arid moisture regime

8. Ultisols:
Argillic horizon and low base status

9. Mollisols:
Mollic epipedon

10. Alfisols:
Argillic horizon and high base status

11. Inceptisols:
Initial stage of profile development

12. Entisols:
Young soils

The tropical environment is covered in WRB by the following reference Groups, although these groups are not always exclusively occurring in the Tropics: Histosols, Vertisols, Solonchaks, Gleysols, Andosols, Plinthosols, Ferralsols, Solonetz, Planosols, Gypsisols, Durisols, Calcisols, Alisols, Nitisols, Acrisols, Lixisols, Arenosols and Regosols. Tropical soils in Soil Taxonomy comprise: Histosols, Andisosl, Oxisols, Vertisols, Aridisols, Ultisols and Alfisols. By comparing these lists it becomes clear that some of the Soil Orders in Soil Taxonomy encompass several Reference Groups of WRB, e.g. the Aridisols in Soil Taxonomy correlate with the Solonchaks, Solonetz, Gypsisols, Calcisols, Durisols, Arenosols and Regosols in WRB. 

6. Lower categorical levels in WRB and in Soil Taxonomy

The WRB comprises two tiers of detail (Nachtergaele et al., 2000):

1. The "Reference Base", which is limited to the first (highest) level, having 30 Reference Soil Groups; and

2.
The "WRB Classification System" suggesting combinations of adjectives to the Reference Soil Groups, which allows precise characterization and classification of individual soil profiles.

The most important innovation in the World Reference Base is the building-block approach. The building blocks are the uniquely defined qualifiers as described above. There are 121 of these, which compares favourably with the 152 different soil units in the Revised Legend of the FAO Soil Map of the World. An sample of modifiers and  their definitions is given in Table 4. 

Once the Reference Group is identified, the building blocks assembled as in the Ferralsol  example below are used to define individual Soil Units:

Table 7. Example of WRB qualifyer use to key out a Ferralsol

In Ferralsols the following qualifiers have been recognized so far (in ranking order):

Strong expression qualifiers:

1. Gibbsic
having gibbsite layer within 100 cm

2. Geric

 having geric properties within 100 cm

3. Posic

 having a positive charge within 100 cm

Intergrade qualifiers (in the order of the key):


4. 
Histic

intergrade with Histosols  reference soil group


5.
Gleyic

intergrade with Gleysols reference group


6.
Andic

intergrade with Andosols reference group


7.
Plinthic

intergrade with Plinthosols


8.
Mollic

intergrade with Phaeozems


9.
Acric

intergrade with Acrisols


10.
Lixic

intergrade with Lixisols


11.
Umbric

intergrade with Umbrisols


12.
Arenic

intergrade with Arenosols

Secondary characteristics qualifiers directly related to diagnostic horizons, properties or soil materials: 

13.
Endostagnic
stagnic properties between 50 and 100 cm


14.
Humic

strongly humic properties


15.
Ferric

presence of a ferric horizon within 100 cm

Secondary characteristics qualifiers not directly related to defined diagnostic horizons, properties or soil materials::

16.
Vetic

ECECclay of less than 6 cmolc/kg

17.
Alumic

Al saturation (ECEC) of 50 % or more

18.
Hypereutric
having a base saturation of 80 percent or more

19.
Hyperdystric
having a base saturation of less than 50 % in all parts between 20 and 


100 cm and less than 20 % in some part 

Qualifiers related to soil colours:


20.
Rhodic

ferralic horizon with hue redder than 5YR, etc


21.
Xanthic

ferralic horizon with hue of 7.5YR or yellower, etc

‘Remaining characteristics’ qualifier:


22.
Haplic

other ferralic horizons

To classify a Ferralsol one would go down the list of qualifiers and note that qualifier #2 applies. Therefore, the soil is classified as a Geric Ferralsol. On the basis of available information on clay distribution (clay increase meets minimum specifications of an argic horizon) and base saturation (less than 50 % in at least part of the ferralic B horizon) is available (qualifier #9), one would further classify this soil as an Acri-Geric Ferralsol. If more than two qualifiers apply, these can be added between brackets behind the standard name. If, for instance, the Ferralsol discussed also features ‘strongly humic properties’ (qualifier #14) and a dark red colour (qualifier #20), the soil would be named an Acri-Geric Ferralsol (Humic, Rhodic).

In addition to the unique qualifiers, an opportunity is created to indicate depth (from shallow to deep: Epi, Endo, Bathi) and intensity (from weak to strong: Proto, Para, Hypo, Ortho and Hyper) of features, important for management interpretations. In a Vertisol, one may indicate the occurrence of the calcic horizon within 50 cm from the surface by classifying the soil as Epicalcic Vertisol. In cases of polysequential soil profiles, the qualifiers Cumuli or Thapto can be used to indicate accumulation or burial.

For each Reference Soil Group there is a defined list of which qualifier is available, which suggests qualifier rankings as in the example given above.  For a comprehensive list of the qualifiers reference is made to the FAO et al., 1998.

USDA Soil Taxonomy is built up of 6  categorical levels as shown in Table 8, which allow a very precise classification of a pedon, provided all the data are available which are referred to in the keys to the various classification tiers. 

Table 8. USDA Soil Taxonomy categorical levels

1. Order:
Originating from geographical soil region in the USA – diagnostic horizons


e.g. Alfisol from Pedalfer in SE USA

2. Suborder:
Commonly reflecting temperature and moisture regime


e.g. Aquox; Torrox; Ustox; Torrox


or reflecting other diagnostics:


e.g.
Humus: Humult




Texture: Psamment

3. Great Group:
Other diagnostic horizons


e.g. Kandic horizon: Kandiudox

4. Subgroup:
Inter- and extragrades


e.g.
Intergrades: Kandiudalfic Eutroperox



Extragrades: Rhodic Eutroperox
5. Family:
Texture class, mineralogy, temperature regime


e.g.
Fine kaolinitic member of Isothermic



Kandiudalfic Eutroperox

6. Series:
Place names

For tropical soils it usually is no problem to key out the soil order which in most cases is based on straightforward use of the diagnostics as explained for WRB. However even at Soil Order level, soil moisture data are prompted for e.g. to classify soils from arid tropical zones into the Aridisols. As from Suborder downward more climathological data are required which may present problems in those areas where weather data are scanty. 

7. Match between WRB and Soil Taxonomy for soils in the Tropics

As the approach to soil classification in WRB is different from Soil Taxonomy, it is logical that in the tropics a near-perfect correlation between the two systems is true for a few reference groups only: Histosols, Vertisols and Andosols (Table 9). The match for the other tropical soils is only partly true (pro parte) e.g. the Nitisols of WRB may key out as Kandiudox  or as Kandiudults depending on the CEC of the clay in the Kandic horizon.

Table 9. Match between WRB and Soil Taxonomy for soils in the Tropics

Near-perfect match:

WRB (1998)
Soil Taxonomy (1998

Histosols

Vertisols

Andosols
Histosols

Vertisols

Andisols

Pro-parte match:

WRB (1998)
Soil Taxonomy (1998

Ferralsols

Nitisols

Plinthosols

Lixisols

Acrisols

Alisols

Gleysols

Planosols

Solonchaks

Solonetz

Gypsisols

Durisols

Calcisols

Arenosols

Regosols
Oxisols pp.

Oxisols – Kandiudox pp., Ultisols – Oxisols – Plinthaquox pp., Ultisols – Plinthudults pp.

Alfisols – Ustalfs pp., Udalfs pp.

Ultisols – Udults pp., Ustults pp.,

Ultisols – Udults pp.

Inceptisols – Aquepts pp., Entisols – Aquents pp.

Alfisols – Abruptic Albaqualf pp.

Aridisols – Salorthids pp.

Aridisols – Natrargids pp.

Aridisols – Gypsids pp.

Aridisols – Durids pp.

Aridisols – Calcids pp.

Aridisols – Psamments pp.

Entisols pp.

Even though one could conclude from table 9 that international consensus on soil naming is growing; the match between WRB and Soil Taxonomy can only be partial for several reasons:

· In Soil Taxonomy, climatic factors are used to differentiate at Soil Order level (e.g. Gelisols, Aridisols) as indicated by ‘pp.’ (pro parte) in Table 9. WRB avoids climatic criteria and argues that an overlay with precise climatic information (as result of modelling) may result into a more accurate analysis for the purpose of landevaluation.

· Another reason for the less than complete match between Soil Taxonomy and the WRB is that the WRB distinguishes 30 Reference Soil Groups at the highest categorical level whereas Soil Taxonomy differentiates between 12 Soil Orders. For instance the Mollisols of Soil Taxonomy cover the WRB Reference Soil Groups of the Chernozems, Phaeozems and Kastanozems, in addittion to some of the Luvisols,  Planosols and Solonetz. 

· WRB uses only two categorical levels whereas soil Taxonomy comprises 6 levels.

· WRB uses more diagnostic horizons, properties and materials than Soil Taxonomy

· Though there is great similarity between names of diagnostic horizons in Soil Taxonomy and WRB, the definitions are sometimes large (e.g. argic and salic horizons). WRB has made a special effort to simplify analytical requirements to classify soils. It should also be noted that WRB recognises at the highest level processes such as prolonged hydromorphy or intense man-made changes, whereas these are recognised at second level in Soil Taxonomy. 

8. Conclusions

· Soils are keyed out in Soil Taxonomy and WRB based on objective diagnostics (horizons, properties, materials etc.), resulting in reliable soil correlation

· The match between Soil Taxonomy and WRB is only pro-parte as the two systems start from different classification strategies

· Since 1998 WRB was adopted by FAO as its system for the Soil Map of the World and by the IUSS as its reference system for international soil correlation

· Soil Taxonomy allows a rather precise wording of the taxa in a rigorous categorical system down to family level with climatic criteria at order and sub-order level

· With its two-tier approach, WRB reaches a considerable level of accuracy.  However at most detailed level there is a need to develop family criteria based on soil texture

· As soil climate is imbedded in the highest levels of Soil Taxonomy, its application in many tropical countries is cumbersome for lack of data

· WRB avoids climate as much as possible to differentiate soil taxa.  Climate is used as overly to support applications of the soil maps
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Map 1. Characterization of the tropical environment according to isotemperatures or mean monthly temperatures
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1. Characterization of the tropical environment according to isotemperatures or mean monthly temperatures.
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