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PRINCIPLES OF SOIL TAXONOMY

by

P. WICKRAMAGAMAGE

1.0 The definition of soil

The study of soils as an independent science is mainly due to the works of
the Russian School of Pedology led by Dukuchaev. The concept that soils
were independent natural bodies was first introduced by Dukuchaev and they
were concelved as products of a combination of processes and factors namely
climate, living matter, parent material, relief and age. This was a revolu-
tionary idea (Soil Survey Staff, 1960: p.1), which made it possible to investi-
gate soils themselves rather than infering from other factors. This Russian
concept of soil, according to Marbut “established the study of soils firmly as
an independent science with criteria, point of view, method of approach,
process of development applicable to soils alone and inapplicable to any
other series of natural bodies’” (quoted by Basinski, 1959). These develop-
ments were not known to the rest of the world until the Glinka’s famous text
on world soils was translated into English (Soil Survey Staff, 1951, p. 3).
The early American and W. European pedologists did not examine the soil in
depth, often confined their investigations to the plough layer and soils were
studied as a part of related sciences (e.g. geology). Soils were sometimes
treated as static storage bins for plant nutrients (Soil Survey Staff, 1951, p.1).

Having identified soils as independent natural bodies, Dukuchaev tried
to present a definition of soil. As quoted by Glinka (1928, p. 2), the soil
was defined by Dukuchaev as ““the layers of materials lying on the surface of
the earth or near it which have been changed by natural processes under the
influence of water, air and living and dead organic matter.”” In his definition
of soil the presence of genetic horizons with properties reflecting the effects of
local and zonal soil forming processes led to the exclusion of those soils which
have no genetic horizons or are not thick enough (USDA, 1975). On the
other hand it is not possible to distinguish between soil and parent materials.
The definition of soil adopted by the U.S. Soil Survey can be treated as a
logical development of the Russian concepts of soils and the contribution of
Marbut and others in the 1920s and 1930s. In presenting the 7th Approxi-
mation System, the Soil Survey Staff (1960, p. 1) defined the soils as a
“collection of natural bodies on the earth’s surface containing living matter
and supporting or capable of supporting plants. At its upper limit is air or
water, At its lateral margins it grades to deep water or barren areas of rock,
ice, salt or shifting desert sand dunes. Its lower limit is perhaps the most
difficult to define.................. The lower limit of soil, therefore, is the lower
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limit of the common rooting of the perennial plants.”” In this definition the

genetic horizons are not included and therefore soils of recent origin were
also included.

1.1 Principles of soil taxonomy

According to Gilmour (1936) “classification is primarily utilitarian.
It is a tool by the aid of which the human mind can deal effectively with the
almost infinity variety of the universe. It is not something inherent in the
universe but it is a conceptual order imposed on it by man for his own pur-
poses.”” Classification therefore, is essentially utilitarian in that its uses
could be preconceived and limited or could be left undefined. As has been
pointed out by Gilmour (1937) it is stated in logic that mcre propositions
could be made regarding the constituent members of the natural classi-
fication than about the population as a whole. Broadly speaking there arc

two types of classifications, namely.

(1) classification for a pre-defined purpose or purposes.

(2) classification, of which uses may not have been defined a prior.

The former classification is described by various terms such as extrinsic,
artificial or special purpose. It best serves the purpose or the purposes
defined and is based on the characteristics (attributes) specially relevant to
the pruposed need. The classification of soils for agricultural use or for
engineering purpoeses are examples of special purpose classifications.

The second type is generally known as natural, general purpose, intrinsic
or taxonomic classifications. The soil taxonomist who is interested in soil
classification needs such a system to serve as a frame of reference for soil
mapping and other soil studies. However, there are conflicting views regar-
ding the nature of a natural classification and the natural group or the taxon.
Early ideas of a natural system were based on Aristotelian logic. As has
been pointed out by Sneath and Sokal (1973, p. 19) the purpose of the Aris-
tototelian system as applied to taxonomy is to discover the essence of a
taxonomic group (natural taxon) in such a way that essence is expressed in
axioms that give rise to properties which are inevitable consequences. They
have illustrated this logical system by the example of a triangle on a plane
surface. The essence of a triangle is expressed by its definition as a figure
bounded by three straight sides, and an inevitable consequence 1s that any
two sides together are longer than the third. This logical system is des-
cribed as a ‘“system of analysed entities” which is not suitable to classity
natural entities which represent a‘system of unanalysed entities’ (Sneath
and Sokal, 1973, p. 19-20). It is not possible to define natural groups in
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such a way that many consequences follow from the definition without excep-
tion (Sneath, 1964).  Although these ideas have been expressed in relation
to biological taxonomy, they also have relevance to soil classification. Soil
groups cannot be defined using “essential characteristics’’ since they are not
known to the soil taxonomist prior to classification. The ‘a priori’ weighting
of characteristics of soils would lecad to a special purpose classification (Gil-

mour, 1936; Kubiena, 1958; Basinski, 1959). Therefore, the Aristotelian
system cannot be applied to soil taxonomy.

Another approach to natural classification is one which is based on the
phylogenetic relationships and can only be applied to the products of organic
evolution (Crowson, 1970, p. 95-114). The biological taxonomists who
have adopted this approach stress that the natural taxa should be constructed
to reflect evolutionary relationships. This concept has no parallel in pedo-
logy, and cannot be treated as an adequate basis for all natural taxa.

Adanson rejected ideas of ‘a prior’ assumptions and pointed out that
natural taxa should be based on the similarity measured taking all charac-
teristics into consideration (Sneath and Sokal, 1973, p. 5). Therefore, a
natural taxonomic classification should ideally be based on the intrinsic
properties of the objects to be classified. According to Gilmour (1936) the
terms ‘artificial’ and ‘natural’ are relative and no classification can be based
on all attributes for reasons given below. Therefore a given classification
can be more natural than another depending on the range of attributes used
in the definition of groups. A classification based on a large number of
attributes 1s more useful as a general reference system.

Soil taxonomists are not in agreement as to what a true ‘taxonomic’
classification is. Soils have developed in diverse parent materials and en-
vironments, and therefore are not related in biological sense. However,
concepts of soil genesis have entered into soil classification directly or in-
directly (Avery, 1968). A natural soil classification was conceived by many
as one which would reflect genetic relationships. This concept of natural
classification was derived from biology (Gilmour, 1961). The most impor-
tant characteristics, which were considered as the basis of classification, were
derived by circular argument by inspection of natural groups already recog-
nized empirically (Cain, 1958). However, the Russian pedologists always
recognized the ‘genetic soil type’ as the basic unit of soil classification
(Basinski, 1959). Even the most recent soil classifications in the USSR have
paid more attention to pedogenetic factors and the geographical environment
than to soil properties. This emphasis on pedogenesis can be found in soil
classification systems elsewhere as well. For example, the current USDA
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system has chosen some differentia which reflect soil genetic processes. The
use of genetic homogeneity as an objective of soil classification runs into
trouble for three reasons.

(1) The gcnesm of most soils is not known at the time of thc classification
or is controversial.

(2) The apparently genetically homogeneous soils may not necessarily
be homogeneous in their intrinsic properties. Therefore, such a classification
is no more than a special purpose classification of soil genetic factors and
processes.

(3) The pedogenetic environments have changed over time and conse-
quently some soils have developed under more than one genetic environment.

It may not be possible to determine the genesis of soils before classi-
fication but a successful soil classification could lead to better understanding
of their genesis.

The natural soil classification defined by Kubiena (1953) was one which,
it was claimed, was based on all characteristics of soils. The use of all
characteristics of soil, however, is not possible (Gibbons, 1968) for three
reasons : '

(1) some attributes may not be known at the time of classification.

(2) the attributes that are known but not evaluated cannot be used.
This is a particular problem when soil survey data are used to
.. classify soils.

(3) the constramts of data mampulatlon.. This constraint has been
‘remarkably reduced by the development of electronic computers.
But certain mathematical techniques do require the numbcr of
attrlbutes to be less than the number of 1nd1v1duals

Apart from these constraints some attributes could be excluded from the
classification strategy when there is a strong inter-attribute correlatmn
(Sarkar et al. 1966). Thus those attributes which have the maximum
variance and the largest number of accessory properties should be used to
classify soils.

Kubiena’'s ccjncept of natural classification is not acceptr_::d' by Leep'e'l:
(1956), who suggests that a classification could be simply good or bad but
riot natural or artificial as claimed by the former. This is contrary to the
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general principles of taxonomy and cannot be accepted because this attitude
would only lead to a special purpose classification. Muir (1962) has used
the periodic classification of elements to illustrate the concept of an ideal
natural classification and suggests that the soil taxonomists. should try to
produce a comparable classification system. But the task of the soil taxono-
mist is much more difficult. There was a unifying theory regarding the
nature of the elements of the periodic table prior to the classification and the
laws of chemistry were established unlike those of soil science. As far as soil
18 concerned there i1s no such theory that could help define and interpret soil
groups. Also soil individuals are not discrete entities like elements in the
periodic table. The soil universe is made up of an infinite number of indivi-
duals which are not mutually exclusive. Kubiena’s approach to soil classi-
fication 1s based on Adansonian principles of natural taxonomy. Although
it 1s not possible to give equal weight to all attributes for the reasons given
above, equal weight can be given to all those attributes which are used in
classification. When data is available on a large number of soil properties, a
representative set of attributes could be chosen to characterize soil individuals.

1.2 Soil universe

Classification of soils involves the definition of the soil universe. The
soll universe 1s made up of all soil individuals and classes, and therefore is a
super class (Knox, 1965). The nature of the soil universe is fundamental to
the understanding of the soil classification. Gibbons (1968) has suggested
that there are three models of the nature of the soil universe.

(1) The soil universe is essentially particulate (made up of discrete
natural individuals). The classes are identified by peaks in the distribution
curves of attributes (Kubiena, 1958); individuals and classes are found but

not constructed. Soil individuals do not have clearly defined boundaries
(section 1.3).

~ (2) The soil universe is essentially continuous, both classes and indivi-
duals are constructed not found (Knox, 1965). It is important to recognize
the continuous nature of the soil universe but it is possible, for practical pur-
poses, to describe soil individuals in the field. The continuous nature of
soils. may hide the differences between soils and the task of the taxonomist is
to. uncover the hidden differences. |

(3) The soil universe is continuous, the individuals are real and sound
but the classes are abstract (Soil Survey Staff, 1960, p. 1-11).

" The third view was adopted here and the classiﬁcgtioﬁ of soils is con-
sidered as the identification of thosé soil groups whose members are similar in
their intrinsic propertics. Therefore, soil groups are not truths to ‘be dis-
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covered by man but they are constructed for practical purposes and such a
classification is essentially utilitarian. All soil geoups are associated with a
certain degrce of variation in their properties. A successful classification
would minimize this variation.

1.3 Soil individual

The main difficulty in the definition of the soil individual is due to the
fact that 1t cannot be identified as an exclusive entity like biological orga-
nisms or the elements in the periodic table. But a soil body is a natural
entity, the properties of which can be observed in the field. Knox (1965)
suggests that only a particulate universe has natural individuals and the
individuals in a continuous universe are artificial individuals created in the
absence of natural individuals for the purpose of classification. This dis-
tinction between the artificial and natural individuals may be considered as
an over simplification. As has been suggested by Soil Survey Staff (1960) “a
soil Individual 1s not found as a distinct entity clearly separated from all
others, but grades on 1its margins to other soil individuals with unlike pro-
perties.” Therefore, the soil individual is a natural individual which can be

found 1n the field.

Knox (1963) has described eight soil bodies which have been used in
of which Soil Studies six soil bodies can be identified as forming the concept

of soll individuals for various purposes.

(1) Primary particles, such as crystals or crystal fragments. These
particles do not form a soil and, therefore, cannot be used as the soil individuals
in the classification of soils.

(2) Hand specimen. These are samples of soil materials used for laboratory
determinations. A given hand specimen is treated as a homogeneous sample
and is only a part of a so1l body and does not represent the soil body as a whole.

(3) The soil horizon. 'The soil horizon has all the characteristics of the
hand specimen plus the thickness. A soil horizon can be observed in the
field (where present) and is a layer of relatively homgeneous soil material.
The soil horizon has been used in soil classification as the soil individual by
Rayner (1956). Fitzpatrick (1967) has proposed a system of soil classi-
fication using the soil horizon sequences to determine the similarity between
soils. However, the soil hor_izbn cannot be used as a soil individual, as it is
only a part of the soil (section 1.0). . ' '
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(4) The sotl profile. This is a vertical cross-section of soil without the
lateral dimension. It represents the vertical variation of soil properties and
the horizonation can also be observed where present. The importance of
the soil profile as a unit of classification was introduced to the U.S. Soil
Survey by Marbut (Simonson, 1952). This concept had been described by
Dukuchaev much earlier than Marbut but was not known to those outside
Russia. Simonson (1952) claims that the introduction of the soil profile to
so1l science was comparable to the introduction of anatomy to biology some
centuries ago. Marbut believed that all soils at maturity developed a soil
profile and the features of the soil were expressed as the features of the soil
profile. This concept has influenced the methods of the modern soil surveys
In the world. Both in the USA and the UK representative soil profiles are
used to characterice the Scil Series. Therefore, collection of soil data have
been done using the soil profile as the basic unit of sampling. For practical
reasons the soil profile has an area of about 1m® and the depth is left unde-
termined. However, in practice the depth of soils is considered to be the rooting
depth of the perennial plants (Soil Survey Staff, 1960, p. 1). The soil profile
1s the most efTective unit of soil which could be used as the soil individual.
The main criticism of the use of the soil profile as the basic unit of classi-
fication has been that it does not represent soil in three dimensions, but it is
not possible to collect data on larger coil bodies efficiently.

(5) Pedon. The pedon is the smallest three dimensional unit that
could be called as soil (Soil Survey Staff, 1960, pp. 2-4). It includes all the
characteristics of the soil profile plus lateral variation. The area of a pedon
varies from Im*® to 10m*® depending on the variability of the soil horizons.

(06) The soil landscape wunit. This is a geographical body of soil which
1s a mappable unit unlike the previous five soil bodies. The soil series, which
15 the lowest category of the soil survey of England and Wales classification
belongs to this. The soil landscape unit cannot be considered as the soil
individual because of the high degree of heterogeneity involved in the defi-
nition of such landscape units. For detailed soil surveys they are useful as
mapping units, the identification of which should be done after the classi-

fication of soils.

The other two soil bodies, the delineated soil body and the soil type,
described by Knox (1965) are also soil landscape units which have been used
for mapping purposes rather than for soil classification.

Among the soil bodies considered, the soil profile is the most convenient
unit which could be used as a scil individual for the collection of data and
classification.~ The other units described above are either not representative
soll bodies or they are too large to be homogeneous enough to be used in soil
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classification. Therefore, the classification of soils by numerical methods,
will involve the classification of soil profiles. Identification of soil mapping
units similar to soil profile groups is the task of the soil surveyor. '

1.4 Taxa

The meaning of the taxonomic group or the taxon was given earlier but
it 1s necessary to define it in relation to soil classification. Classification of
soll individuals (profiles) involves the determination of affinity (taxonomic
similarity defmed by Sneath and Sokal, 1973, p. 31-40) between individuals
with respect to all, or an adequate number of soil properties. This has been
done by the traditional taxonomists by defining a set of diagnostic features.
In the USDA system, the soil orders are defined by using a small number of
diagnostic features. In the Soil Survey of England and Wales Classification

System (Avery, 1973, 1980), the higher categories are identified using diag-
nostic features termed as ‘keys.’

The taxonomic class (taxon) i1s necessarily a polythetic class based on
all characteristics or an adequate number of characteristics. The objective
of numerical taxonomy is to define such groups. The USDA (1975, p. 9-10)
considers that the choice of the attributes (characteristics) should be made in
such a way that the chosen attributes should have the greatest number of
accessory attributes. Such attributes have been generally considered as
related to the genesis of soils. It has been pointed out by Webster (1977)
that the soil properties do not covary as had been expected earlier. This may be

due to the fact that such correlations may not exist between soil proper-
ties observed for different soil populations. The nature of correlation
between soil properties may vary with soil groups. But Sarkar et al. (1966)
demonstrated that the sixty-one soil attributes used in their classification of
Kansas soils were correlated and when the number of attributes was reduced
to twenty-two, the same results could be obtained. Because of such disagree-

ments 1t 1S necessary to classify soil attributes prior to the classification of
soils. o " ' '

1.5 Historical development of soil classification

Prior to the works of Dukuchaev and his colleagues, soil was studied as a
part of other sciences such as geology and agriculture. There was no clear
definition of soil although the importance of 1t had been recognised. Some
early attempts to classity soils were made 1n Western Europe. Thaer in
1853 proposed a soil classification based on textural properties at the primary
level and agricultural properties at lower categorical levels. In 1886 Rich-
thofen proposed a classification with the emphasis on geological properties
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and nomenclature. These early classifications reflect the state of contem-

porary pedological knowledge. Buol et al. (1973, p. 174) describe such
classifications as technical classifications.

Dukuchaev (1846-1903) recognized soils as independent natural bodies
and attempted to classify them, in part, with respect to their properties.
Dukuchaev’s work on the Russian Chernozem states that ‘“‘soils must be
classified according to their Properties (quoted by Buol et al. 1973, p. 175).
However, in practice he used soil properties only at the lower categorical level
and the highest categories were separated using environmental factors on the
assumption that they were related to the broad climatic and vegetational
zones. Dukuchaev and his colleagues (specially Sibirtsev and Glinka)
gave a great importance to soil genesis and soil properties were chosen in such

a way that they would reflect the genetic environment and the factors of soil
formation.

These 1deas are comparable with the views of the early biological taxo-
nomists that a taxonomic classification should be based on the Aristotleian
logic. This trend continued in the USSR. 'The soil classification proposed
by Kovda et al. (Fitzpatrick, 1980, p. 174) is claimed to be an historical genetic
classification using properties which reflect the evolution of soil in time. This
system breaks with the old Russian tradition by using soil properties rather
than environmental factors as a basis for soil classification but it is identical with
the old system in that it was the interpretation of facts (data) rather than facts
themselves which were used. Another recent Soviet soil classification pro-
posed by Rozov and Ivanova is described by Avery (1968) as a coordinate
system. In this system the categories below “I'ypes’ are based on their rela-
tionship with three groups of soil properties (Coordinate axes).

Axis 1 The properties of soil and environment that can be little changed
by man.

Axis 2 The moisture characteristics of soil.
Axis 3 Bio-physico-chemical soil ranges
(1) peculiarities of organic matter decomposition

(i1) saturation and absorption complex and cation exchange
complex

(iii) general structure of the soil profile and the presence or
absence of carbonates, gypsum and soluble salts.
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This system is comparable with that of Avery (1968) in principle but the
categories above Types have not been worked out. There has not been a
substantial change of emphasis in the tradition of soil classification in the

USSR.

T'he concepts of soil classification worked out by Dukuchaev and subse-
quently developed by Sibirtsev and Glinka were introducad to the West by
Marbut by translating the German edition of Glinka’s text on the world
solls. The US soil classifications used during the period 1899-1922 have
been described by Buol et al (1973, p. 176-177) as single factor soil classi-
fications with a bias towards geological techniques and the nomenclature.
In Western Europe and in America the concept of soil geology (geological
derivation of soils) prevailed during the 19th century (Cruickshank 1972,
1972, p. 13-31). Hilgard (1833-1906) was the first in the USA to recognize
soils as independent natural bodies (Buol et al, 1973, p. 176), thouzh his
ideas were not applied in operational soil surveys in the USA. After him
Cofley suggested in 1912 that soils were natural bodies, the classification of
which should be based on soil properties. These ideas did not have an
impact on the pedological thinking of the USA until Marbut introduced the

Russian concepts.

Marbut can be considered as the founder of modern soil taxonomy In
the USA. He not only introduced the ideas of Dukuchaev, Sibirtsev and
Glinka, but developed his own ideas of soil classification and survey. The
contribution made by Marbut has been summarized by Buol et al (1973,

p- 171-181) under three headings.

(1) The establishment of the soil profile as the unit of study and the
emphasis on soil properties (section 1.3).

~ (2) Establishment of criteria for soil series.

(3) The preparation of the first hierarchical multi-categoric system.
This concept has been developed by the Soil Survey Staff (1960) to produce
the 7th Approximation soil classification system.

Marbut put more emphasis on the soil properties than genesis in devising
his system of soil classification. He divided soils into two major classes :

(1) Pedalfers

(i) Pedocals

Pedalfers are those soils that accumulate sesquioxides while Pedocals
have a horizon of carbonate accumulation. This system encountered prob-
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lems when 1t tried to include Brownearths most of which accumulate neither
iron nor carbonates (Fitzpatrick 1980, p. 126). However, this system can be
treated as the true beginning of modern US soil classification. Along these
lines a comprehensive multi-categoric system was proposed in 1938 by Baldwin,
Kellog and Thorp (Buol et al, 1973, p. 179) but they included zonal concepts
of Sibirtsev. The highest categories of this system. unlike those of Marbut,
were defined in genetic terns.

All the soil classifications proposed in the USA prior to the 7th Approxi-
mation were qualitative to varying degrees. The classes were not defined
using quantitative measurements and as a result the decisions on criteria were
made subjectively. However, it can be seen over time there was more in-
corporation of quantitative data at various levels.

The 7th Approximation system (Soil Survey Staff, 1960) was proposed
as a general purpose classification based on a large number of observed soil
properties. The general purpose classification was conceived as a multi-
categoric system along the lines of the previous soil classifications of the USA,
and such a system was conceived as hierarchical in organisation. The
system could be put to a multitude of uses at its various categorical levels.
The 7th approximation is an attempt to rationalize the criteria used to define
various classes although the decisions on the choice of them have been made
subjectively. Ragg and Clayden (1973, p. 12-13) have summarized the
criticisms of the USDA system coming from various sources. These criti-
cisms reflect the conflicting views held by soil taxonomists of different coun-
tries. For example, while some (Webster, 1968) object to the system for
using genetically 1mportant properties, others have pointed out that no
adequate consideration has been given to such properties (Duchaufour. 1963 ;
Gerastmov et al, 1964.) However, the choice of the differentia has been
subjectively made and, therefore, a large amount of information gathered on
soils has not been used consistently and cbjectively. Webster (1968) claims
that the fundamental fault of the system 1is its hierarchical organisation of the
categories.

In the last century and in the early part of this century, important contri-
butions were made towards the recognition of the study of soils as an inde-
pendent science mn Western Europe. In this respect, works of Muller
(Sweden) and Ramann (Germany) are of great importance. In Great
Britain the study of soils started formally with the establishment of a research
institute at Rothamsted, England in 1843. Soil survey in Great Britain
dates back to 1911 (Cruickshank, 1972, p. 23) when the first of special sur-
veys were published. Robinson (1932) and Avery (1956) have been res-
ponsible for the development of the Soil Survey of England and Wales. A
separate soll survey for Scotland was established in 1930. Three soil classi-
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fication systems have been used in modern times in different parts of the
British Isles. Since the beginning of modern British soil classification in the
1930s, morphological properties have been widely used. The soil series were
defined by taking the nature and the sequence of soil horizons into conside-
réi_:ion. The most recent soil classification proposed by Avery (1980) for
England and Wales is a somewhat different approach, which originated as a
coordinate system. This is also a multi-categoric system which is described
as nonhierarchical by Avery (1968). The class differentia have been sub-
Jectively determined, as a result this System also has failed to eliminate the
basic problem of subjectivity of all traditional classifications. The stmilarity
between soil profiles has been determined on the basis of the presence or the
absence of pre-selected diagnostic characteristics. In addition the existence
of three soil classification systems for the British Isles may lead to inconsistencies

and create difficulties in the communication of soil information among
different authorities.

The majority of the traditional soil classifications have been devised to
serve the needs of the country concerned and therefore they have taken local
conditions into consideration. The USDA System was proposed as a com-
prehensive classification drawing samples from a wide range of geographical

environments, in order to represent as many diverse soils as possible. But
tropical soils were under-represented. The soil classification systems devised
for individual national soil surveys cannot be applied to other areas success-
tully. Even the USDA system has been proved to require modification when

1t 1s tried in other countries (Ragg and Clayden, 1973 Kesseba ¢t al. 1972).
The soil classes defined in different countries according to different classi-
fication systems cannot be compared easily. Therefore, a great need is felt
for an objective system of soil classification using as many properties as
necessary.

Several common features of the traditional soil classifications can be
1dentified.

(1) Each of them has been devised to serve a national need and there-
fore the taxa of the system are limited to those which occur in the country for
which the classification system was proposed. Although the USDA system
is supposed to be a comprehensive system applicable to other countries, the
attempts to use 1t elsewhere revealed the need for modifications and some-
times inadequacies (Ragg and Clayden, 1973; Kesseba et al. 1972).

(2) The use of ‘a priori’ assumptions on the diagnostic criteria. The
diagnostic features have been defined prior to the classification even though
they should have been discovered after the classification was devised.

312



P Wickramagamagr
T (3) The a.ﬂinity':"betx-veen 501 proﬁles has been determined subjectively.

(4) Tho properties chosen were v»elghted wu.hout any empmoal JUS'[I-
fication.. | |

(5) Almost all the properties usod were related to the soil morphology
(Muir, ef al. 1970). -

Despite the drawbacks of the soil classification systems hitherto produced,
a general improvement can be detected. This development 1s from early
single factor classifications to more complex systems such as USDA system
using a wide range of information on the soils themselves can be viewed as a
considerable progress. Over the years the knowledge of the nature of soils
has increased tremendously, so that a considerable amount of information
about soils is available. The main problem of the classification of soils today
is how best this information could be used to devise a taxonomic classification.
Crowther (1953) conceived the problems arising from the multi-dimensional
nature of soils and suggested that a coordinate system would be suitable to
classify soils but the objective use of such a model was not then possible. The
advent of the electronic computer made numerical taxonomy possible, conse-
quently a whole range of techniques is available to handle a large amount of
data. These methods could be used to replace old subjective methods of
soil classification.

1.6 Numerical taxonomy of soils—a review of previous work

The term numerical taxonomy has been defined by Sneath and Sokal
(1973, p. 4) as “‘the grouping by numerical methods of taxonomic units into
taxa on the basis of their character states.”” The taxonomic units are the
soil individuals in the form of soil profiles. The character states are the
attributes which are presented in a numerical form. Therefore the phenetic
similarity between individuals could be determined using a metric. Numeri-
cal taxonomy is a further development of Adansonian taxonomy.

Sneath and Sokal (1973, p. 11) claim that the principal aims of numerical
taxonomy are repeatability and ' objectivity, which most soil taxonomies
proposed earlier lack.

~ Prior to 1955 the use of numerical taxonomic methods was limited due
to the fact that a large quantity of mformatmn could not be handled without
the aid of a sufficiently powerful computcr which was not available at the
time. The selection. of a set of attributes for clasmﬁcatmn and identification
was do_ne without appreciating the inter-attribute correlations and such
methods are described by Arkley (1968) as suboptimal.
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The traditional soil classifications have usually been hierarchical with a
small number of differentia at each categorical level. This could distort the
‘relative relationships between: soil-individuals; and groups can be constructed
in such a way that soils similar in a few characteristics but dissimilar in all
other characteristics could be grouped together.

The application of numerical methods to soil classification is to achieve
objectivity and repeatablllty but 1t must be noted that the early use of numeri-
cal methods in the classification of soils encountered several problems, for

example, the selection of a suitable similarity measure. A large numbcr of
similarity measures (mmﬂanty here refers to both smularlty and dlssmularlty
measures) have been used to generate an inter-individual similarity matrix

between soil individuals. At the early stages of numerical taxonomy product-
moment correlation coeflicient was a popular measure of the similarity. As
has been pointed out by Sokal and Sneath (1973, p. 117), the choice of the

similarity measure has been made without adequate theoretical Justlﬁcatmn
Moore and Russell (1967) demonstrated that five different similarity mea-
sures produced different classificaiions. There are some theoretical objec-

tions to the use of some similarity measures. Eades ( 1965) has objected to
the use of product-moment correlation when the attributes are measured on
dlﬁ'erent_scales. The Euclidean distance metric has been used ignoring the
correlation between attributes. This metric can be used only if the attribute
vectors are mutually orthogonal. Kyuma and Kawaguchi (1975) used the
Euclidean distance after orthogonalizing the attribute vectors by means of
principal component analysis (PCA).

| Several sorting strategies of agglomerative cluster analysis are available
but the outcome of the strategy depends very much on the similarity measure.
Also these strategies may be different from each other in terms of the clarity
of the clusters in the dendrogram produced.

Both principal compt)ﬁnc-nt analysis and principal coordinate analysis
(PCO) have been (Rayner, 1966; Cuanalo and Webster, 1970; Webster and
Burrough, 1972; Campbell et al 1970; Norris, 1971) applied to soil classification,
but these methods have often failed to isolate clusters (Webster, 1976, 1979).

1.7 Aims and procedures of the present study

It has been found that the classifications obtained by numerical methods
disagree not only with the traditional claSSIﬁcatlons but also among them-
selves (section 1.6). When the numerlcal taxonomic methods were first
introduced to the soil taxonomy, no attempt was made to examine their
properties or their behawour In relatlon to soil data. This problem still
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retards the progress of numerical soil taxonomy. Therefore, it has become
necessary to evaluatc at least the ‘widely available procedures in- relation to
soil clasmﬁcatmn |

It was shown earher that there is no common agreement among the sotl
taxonomists on the nature of the natural soil classification. However, a
growing number of soil taxonomists tends to agree that such a classification
should be based on the measured properties of soils. But this decision alone
wjould not. produce_ a unique classification as the methods used dictate the
nature of a classification. It is necessary to determine the best method of
soil description. A given soil property may be msasured at a series of depth-
levels and there are several ways of preseating such information (Lance and
Williams, 1967a). Moore, Russell and Ward (1972) compared three soil
profile models and concluded that both original data, weighted by an expo-
nential function and the coefficients of depth functions fitted to all the attri-
butes used in the study produced similar classifications. The use of all
measurements of a given attribute may not be necessary, but the effect of the
elimination of some depth levels: and the nature and effect of inter-attribute
correlations should be examined. o

Although the hierarchical agglomeratwe strategies tend to produce
similar clasmﬁcatmns when the same inter-individual similarity matrix is
used, the degree of dlstortlon introduced by the clustering strategies varies.
The dendrograms produced by them are different in terms of the clarity of
the clusters. For example, the single linkage sort method is known to suffer
from the chamlng of individuals rather than producing clusters, when there
are intermediate types of individuals in the sample.

-Althotuigh the ultimate objective of a taxonomic classification is to dis-
cover ‘natural’ groups (as defined earlier) it is difficult to assess such classi-
fications in mathematical terms. The artificial classifications can be eva-
luated in relation to the utility of the' classification defined, the taxonomic
classifications cannot be evaluated so easily. But it may be possible to define
a statistical criterion to compare several classifications for numerical opti-
mality.

It s p0351ble to reallocate 1nd1v1duals until a measure defined achieves
its optlmum value. But in practice this is not feasible as the limit of com-
puter time could impose a constraint. A possible way round of this problem
1s to use other classificatory strategies and then find the most optimum classi-

fication as determined by a suitable criterion and finally perform reallocation
by an appropriate strategy. In this process both similarity measures and the

classificatory strategies have been compard.
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